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FOREWORD
Increasing variations in weather in the Indian sub-continent has lead to a growing perception of climate change and concerns
especially in the field of agriculture, water and weather are growing. Indian agriculture is a major contributor to Gross National
Product as it is the main source of food, feed, fiber and livelihood to a large section of human and whole of livestock population
and provides feedstock to several industries. In order to understand the trend in agricultural land use as a result of insidious and
imperceptible change in climate, a study has been undertaken using freely-available data sets of time-series satellite based
vegetation index that provide a comprehensive view of state of agriculture in the country and indicate the spatial impact of such
change. Satellite data can provide an unambiguous composite overview of trends in land use and land cover in various regions
depending on the scale of study required for a particular purpose based on current satellite sensor capabilities present in the
world ranging from national and sub-national levels to micro-watershed and field-level.

For the present study time-series Normalized Difference Vegetation Index (NDVI) data product from NOAA-AVHRR with 8-km
resolution and TERRA-MODIS with 250m resolution have been taken as it provides a composite view of bio-climate, soil, weather
and the impact of agronomic practices and NRM interventions on agriculture. Analysis of time-series data can indicate trends in
vegetation cover class like agriculture, plantation and forest and for the present study only agriculture has been studies by
masking other vegetation classes. The analysis was corroborated Standard Precipitation Index (SPI) instead of actual rainfall,
estimated and interpolated to the same scale for spatial assessment of agricultural vulnerability. Methodologies have been
developed to use NDVI to identify agricultural vulnerability and to estimate length-of-crop-growing period (LGP) which indicates
sensitivity of agriculture to climate change.

Climate change studies have largely followed socio-economic or bio-physical approach however an integrated approach is
desirable according to IPCC. Spatial vulnerability assessments or mapping of vulnerability or impact of climate change addresses
this need in the world as it is a useful tool to assess climate variability and occurrence of extreme events that make populations
and ecosystems sensitive as these are all spatially-related. The discipline of GIS and Remote Sensing can contribute to this area
of knowledge as they facilitate in examining the impacts of weather aberrations, abrupt extreme events and slow creeping changes
on bio-physical cover of earth. In view of such possibility, a study was undertaken to assess the impact of climate change on
rainfed agriculture using temporal NDVI datasets under the ICAR’s national program - National Innovations on Climate Resilient
Agriculture (NICRA) to assess agricultural vulnerability in India. The study largely follows the IPCC framework to assess
sensitivity of agriculture using vegetation index (NDVI datasets) and correlate it with variations in Standard Precipitation Index
(SPI) to understand the resultant variations in length-of-crop-growing-period (LGP) that manifests in the form of decline in food
grain, fodder and fibre production in the country. In an earlier publication from CRIDA, an attempt was made to assess agricultural
vulnerability in rainfed regions in India using contextual vulnerability based on climatic stresses and sensitivity of socio-
economic factors. The present publication complements the earlier study by presenting the sensitivity of bio-physical factors by
using NDVI and SPI as Exposure Indicators and LGP as Sensitivity Indicator to analyze agricultural vulnerability in rainfed
regions in India.

This publication presents a spatial vulnerability assessment of rainfed agriculture in India at AESR and district- levels in view of
the fact that major development planning and programs are implemented at district-level. The study has exploited the Geo-spatial
tools and techniques and brought out a series of maps indicating various dimensions of agricultural vulnerability in India. It
indicates that 47 million ha or 33.1 % of Net Sown Area in India is vulnerable to climate change. This information will be useful to
develop adaptation and mitigation strategies in the country. I am sure that this publication would be useful to the scientific
community and policy -makers in drawing strategies to address climate change in the country and to target necessary investments
required.

I congratulate the authors for bringing out this valuable publication at a crucial juncture when a targeted approach to agricultural
management is required to address climatic stressors.

(S.Ayyappan)



iv



v

PREFACE

Climate change is a major challenge for ensuring food and livelihood security to populations’ world over.The
situation is particularly critical in rainfed developing countries like India where a large section depend on agriculture
that is prone to adverse effects of climate change. Historical trends and number of model based projections point
to a noticeable increase in surface temperature in India and a consequent change in spatial and temporal patterns
in rainfall that could pose severe challenge to sustainable agricultural production in the country. In view of this
probable scenario, the Indian Council of Agricultural Research launched a megaproject National Innovations on
Climate Resilient Agriculture (NICRA)in February 2011. This initiative is being coordinated by CRIDA,
Hyderabad and is being carried out in a collaborative and participatory mode by a number of institutes that
address various sub-sectors within agriculture. To address climate change, there is a need to develop and target
appropriate adaptation measures for specific vulnerable regions. This identification process involved assessment
of agricultural vulnerability in different rained regions in the country and the task was undertaken as an important
component in NICRA.

Satellite based Vegetation Index i.e., Normalized Difference Vegetation Index (NDVI), is an indicator that provides
an objective tool to assess temporal change in growth and vigour of plant/crop in a region. Analysis of long-term
NDVI data can indicate the insidious and often imperceptible change in crop/vegetation cover which would have
otherwise not been possible. Freely available NOAA-AVHRR and MODIS-TERRA NDVI data products were
downloaded and used for the study. While NOAA-AVHRR data enabled study of variations in vegetation vigourat
smaller scale viz., State and agro-ecological sub-region (AESR) levels,  MODIS-TERRA NDVI data helped in
identifying vulnerable regions at district-level which is also the administrative unit where strategies for adaptation
and mitigation are chalked and implemented. Factors contributing to climate change like variations in length of crop
growing period (LGP) was analyzed and mapped.

Tools and techniques of GIS and remote sensing have been used to analyze and map agricultural vulnerability in the
country especially in rainfed regions. This makes the present publication a valuable aid to develop mitigation
strategies to help impart resilience to crop and animal production systems and in turn to the livelihood of people
dependent on rainfed agriculture in India. The NDVI variations were corroborated with trends in Standard
Precipitation Index. Typology of vulnerability was analyzed by overlaying data pertaining to agricultural production
system, bio-climate, LGP variations and livestock component. Details of these analyses have been presented at
macro-level viz., AESR and at district-level.

Study indicated that over 122 districts covering 110 mha encompassing over 33 agro-ecological sub-regions
(AESR) in 12 states in the country were vulnerable to climate change. Of the 74 mha under agriculture in these
districts, MODIS dataset indicated that over 47 mha was vulnerable to climate change while AVHRR dataset with
coarser resolution indicated that over 29 mha was vulnerable. Notwithstanding the variation in estimates of extent
of agriculturally vulnerable region in the country, it may be assumed that nearly 1/5th to 1/3rd of net sown area in
the country could be vulnerable to climate change that could have major economic, social and political ramifications
in the country.

The study has provided the spatial extent of vulnerable regions in India which was hitherto unavailable for planners,
stakeholders and scientific community. The output of analysis is presented in the form of maps representing temporal
variations in vulnerability and factors contributing to agricultural vulnerability in rainfed regions. The authors feel
that this publication would bring clarity to the understanding of pattern and degree of agricultural vulnerability in the
country owing to climate change. The publication would be useful in identifying the type of agricultural vulnerability
and indicate appropriate adaptation measures in terms of technologies, investments and policies that may be
required to address them.

August, 2015            Authors
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1. Assessing Agricultural Vulnerability using
Satellite-derived NDVI Data Products

1.1. Introduction

Climate change research has predominated political, economic, social and international discussions and dealings
world over since the severe drought events of 1979 and 1987 which impacted human and livestock across several
parts of the world. Scientific community opine that anthropogenic causes like increasing GHG emissions is the
cause for growing weather aberrations (IPCC, 2007a,b,c,2008,2012a,b, 2013; US-EPA, 2014) besides large
scale change in Land Use - Land Cover (LULC) that impact the state and vigour of vegetation and crop adversely
affecting agricultural potential of a region. The interest spawned a new genre of studies to understand the cause and
impact of climate change. Several concepts, frameworks (Turner et al., 2003a, b) and indicators (US-EPA,
2014; UNDP, 2010; UNISDR, 2009) were presented to study the impact of climate change using various methods
and assumptions for varied purposes as reviewed by Preston et al (2011), de Sherbinin for USAID (2014) in
Africa and Schroter et al (2004) for Europe. By and large vulnerability of human society or a sector to climate
change have been studied using socio-economic approach (Adger and Kelly, 1999, Adger, 2006; Aguilar et
al.,2012) or bio-physical approach (Olsen et al., 2000) or using an integrated approach combining both the
above-stated methods (IPCC, 2007).

The IPCC has defined vulnerability as the degree to which a system is susceptible to, or unable to cope with,
adverse effects of climate change (Fischer et al., 2002; TERI, 2003, 2006), including climate variability and
extremes. Thus vulnerability is considered to be a function of the character, magnitude and rate of climate variation
to which a system is exposed, its inherent sensitivity, and its adaptive capacity that enables recovery and /or
capability to withstand impact (McCarthy et al., 2001, Fussel and Klein, 2006). Literature is resplendent with
studies dealing with these aspects and hence the present publication limits itself to presenting studies and discussing
concepts relevant to it.

It has largely been agreed that analysis of adaptive capacity is supported by socio-economic approach and the
study of sensitivity by biophysical approach as both are internal dimensions of an ecosystem while the aspect of
exposure deals with external dimensions or occurrence of bio-physical phenomena like drought, flood or cyclone
etc. alone. However an integrated approach is what is desirable to address the issue of climate change although
there are severe limitations in the present state of knowledge and understanding due to inherent issues of scales,
linkages, telescoping connections, scenarios of future projections and lack of authentic datasets. This has led to a
lack of standard methods for combining the biophysical with socio-economic approach to help in policy-making
(Deressa et al., 2008).This lacunae has also impacted the development of spatial vulnerability assessments or
mapping vulnerability or impact of climate change in the world although it is a useful tool as climate variability and
occurrence of extreme events that make populations and ecosystems sensitive to climatic stresses and the interplay
of adaptive capacities of them, are all spatially-related (de Sherbinin- USAID, 2014).

The present study acknowledges these issues and strives to bring an insight to sensitivity of rainfed agriculture in
India to variability in climate through a study of vegetation index (Normalized Difference Vegetation Index, NDVI)
used as an indicator, in order to help in understanding climate change phenomena that could negatively impact
rainfed agriculture making the dependant population, livestock and economy in India especially vulnerable. Use of
popular weather variables like precipitation and temperature as climate change indicators, help in understanding
the genesis and impact of extreme weather events and resultant LULC and NDVI changes. The tools and techniques
of remote sensing and GIS facilitate in examining the impacts of weather aberrations, abrupt extreme events and
slow creeping changes on bio-physical cover of earth. In view of suchpossibility, a study was undertaken to assess
the impact of climate change on rainfed agriculture using temporal NDVI datasets under the ICAR’s national
program - National Innovations on Climate Resilient Agriculture (NICRA) to assess agricultural vulnerability in
India.

In order to understand variations in weather and its attendant impact on Indian agriculture imparting degrees of
vulnerability through its inherent sensitivity, a temporal study of NDVI variations was carried out using NDVI
products from Advanced Very High Resolution Radiometer (NOAA-AVHRR) (15-day, 8km) and Moderate
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Resolution Imaging Spectro-radiometer (MODIS-TERRA) (16-day, 250m). Time-series NDVI datasets were
downloaded from their respective websites and used for assessing sensitivity of cropping systems in various agro-
eco-regions and mapping overall agricultural vulnerability to climate change in India. GIMMS (Global Inventory
Modelling and Mapping Studies) dataset of NOAA- AVHRR with 8km resolution composited at 15-days interval,
was used to analyse sensitivity of agricultural systems in India at state and agro-eco-sub-region (AESR) level for
the period 1982-2006, while MODIS – TERRA NDVI data product with a higher spatial resolution of 250m was
found useful to assess agricultural sensitivity at district–level for the period 2001-2012. Standard Precipitation
Index (SPI) estimated from actual rainfall data was used to corroborate sensitivity of agriculture to climate variations
and incidence of extreme weather events during the study period (Mckee et al., 1993; Tucker et al., 1985;Saikia
and Kumar, 2011; Thenkabail et al., 2004; Dadhwal, 2011; SeshaSai et al., 2011; Murthy et al., 2008 a, b,
2010; Murthy and SeshaSai 2011).

1.2. Framework used for carrying out spatial vulnerability assessment

In India agriculture is carried out in over 142 million ha (mha) out of  which rainfed or dryland agriculture extends
over 80 mha covering arid, semi-arid and dry and moist sub-humid climates although humid regions are also
technically rainfed. Inherent climatic variability in the country imparts sensitivity to these ecosystems and mapping
its spatial variability to indicate the interplay of factors of climatic stressors, and adaptive capacities as a means to
understand vulnerability of agriculture, can help in drawing strategies to minimize its impact.

In order to carryout Spatial Vulnerability Assessment (spatial VA) through data integration, there was a need to
decide the scope and objective of the work, assumptions to be made, geo-referenced socio-economic and
bio-physical datasets to be used, map scale or boundary-objects to be identified (de Sherbinin et al., 2014),
adaptive capacity of population to be considered and the interests of multi-stakeholders to be discussed. In spite
of popularity and merits of spatial VA, there is no consensus on ‘best practices’ to be followed. The US-EPA
(2014) have used a set of indicators which suits the conditions in USA while the Advanced Terrestrial Ecosystem
Analysis and Modelling (ATEAM) of  Potsdam Institute for Climate Impact Research (PIK), Germany (Schroter
et al., 2004) have used a set of indicators suitable for Europe. For USAID for Africa (2014) de Sherbinin has
used a different set of indicators including NDVI and SPI as Exposure Indicators and length-of-crop-growing-
period (LGP) as Sensitivity indicator, broadly following the IPCC framework. The US-EPA (2014) has grouped
indicators under six heads and used LGP as an indicator to assess impact on health and society and Leaf- and
Bloom -Dates akin to vegetation vigour, as an ecosystem indicator.

In view of such variety in accepted concepts and indicators being used under IPCC framework, the authors of this
publication took this opportunity to assess sensitivity of agriculture using vegetation index (NDVI datasets) and
correlate it with variations in Standard Precipitation Index (SPI) to understand the resultant variations in length-of-
crop-growing-period that manifests in the form of decline in food grain, fodder and fibre production in the country,
broadly following the IPCC framework (Parry et al., 2007). As a result, a methodology was evolved which
loosely fits into the Extended Vulnerability Framework of Turner et al (2003), Vogel and O’ Brien (2004) and
Birkmann (2006 a,b) and IPCC’s Special Report on Climate Extremes (SREX) risk management to analyse the
impact of drought events on Indian rainfed dryland agriculture.

The NDVI datasets with varied ground resolutions have overlapping scales and thus contribute to nested analysis.
However, the present study falls short of establishing clear tele-connections between variations in NDVI from
agricultural land and land use change due to anthropogenic factors, although the study falls in the domain area of
coupled human-environment system framework. The work of  ATEAM group (Schroter et al., 2004) was referred
to see the data input requirement for vulnerability mapping. They have used multiple scenarios of global change
(referring to climate change) based on change in CO

2
, climate, socio-economic condition, land use and N deposition

in Europe to study potential impacts and adaptive capacity changes in order to analyse levels of vulnerability in the
continent. This research team from PIK has used climate, ecosystem and socio-economic models for the path-
breaking research carried out during 2001-2004. Such expertise was unavailable at CRIDA and due to lack of
clarity in using potential impact and adaptive capacity indicators to obtain a measure of vulnerability, we have
restricted our study to examining variations in NDVI and SPI as exposure indicators and change in LGP as a
sensitivity indicator to understand the extent of agricultural vulnerability in rainfed regions in India without assessing
possible variations under different climate scenarios (Liu et al., 2013). As the study mainly focuses on analysing
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variability in stressors viz., drought and floods through SPI on Vegetation Index (NDVI) by examining past trends
and assessing its impact on variations in LGP that would impact agricultural production in the country, it may be
insufficient to understand the impact on agriculture and ecosystem and the variation induced as a result of coping
strategies, that are key to analysing vulnerability under socio-economic framework.

In a twin publication (Rama Rao et al., 2013) an attempt has been made to assess agricultural vulnerability in
rainfed regions in India using contextual vulnerability which focuses on factors that determine a system’s ability to
withstand and recover from exposure to climatic stresses and sensitivity of socio-economic factors (O’Brien et
al., 2004, 2007, 2008; Fussel, 2009); however the issue of assessing coping and adaptation strategies could not
be carried out satisfactorily as desired as the bio-physical framework could not be integrated. The present publication
presents the sensitivity of bio-physical factors and an integrated framework of exposure and sensitivity applicable
to agricultural sector is presented.

The present study is guided by IPCC (2012), PROVIA  (2013), Preston et al (2011) and Preston (2012) and is
in line with recent studies by US-EPA (2014) and de Sherbinin for USAID (2014). As demonstrated by the latter,
Spatial Vulnerability Assessment of rainfed agriculture in India has been carried out using NDVI and SPI as
exposure indicators and LGP as sensitivity indicator (Bounoua et al., 2000; Hinkel 2011).

1.3. Concepts used for analysing agricultural sensitivity for spatial vulnerability assessment

1.3.1. Normalized Difference Vegetation Index (NDVI)

The basis for remote sensing of vegetation is the sharp contrast in reflectivity of Visible (0.4 to 0.7 µm) and Near-
Infrared (0.7-1.3 µm) spectra caused by the optical properties of chlorophyll and internal structures of green leaf
cells. Several vegetation indices have been developed and are in use, however for current study NDVI has been
used as it is strongly related to biomass. NDVI derived from 2-band information (Red and Near-infra Red) of
multi-spectral imagery of a satellite data is a contrast–stretch ratio calculated from Red and Near–Infrared band
(NIR) bands of sensors like LANDSAT – TM; AVHRR; IRS-1B, 1C, 1D, P6 satellite based sensors LISS-3 /
LISS-4; and MODIS-TERRA besides several others. NDVI from AVHRR and MODIS data with Red reflectance
in Band 1 and NIR reflectance in Band 2 is calculated as follows:(band 2-band 1) / (band 2 + band 1). NDVI
takes advantage of typical low reflectance values of vegetation in the Red wavelength range which corresponds
with chlorophyll absorption and high reflectance values in NIR range which signifies leaf structure, thereby enhancing
the contrast between vegetated, un-vegetated and sparsely vegetated areas.

Land Use-Land Cover (LULC) analysis facilitates the study of NDVI variations in various LULC classes like
agriculture, plantation and forest besides open-scrubland (NRSC, 2011). Correlating rainfall pattern with NDVI
time-series data helps in understanding the impact of increase / decrease in rainfall on vegetation cover in a given
area over a period of time. Use of NDVI is particularly advantageous in sub-tropical regions especially in Asia and
Africa where dependence on agriculture is high in the developing economies and study of vegetation response to
rainfall and temperature in the event of scarce climate data, could help in drawing strategies to manage and adapt
to weather aberrations. For the current study on impact of climate change on agriculture, other vegetation types
like forest, plantation and scrub-land, mangroves, etc., were masked using multi-season data.

Besides NDVI and LULC analysis, satellite data also provide information on other biophysical parameters viz.,
leaf area index (LAI), fraction of absorbed photo-synthetically active radiation (FPAR), crop/plant phenology,
biomass, soil moisture and net primary productivity (NPP) which are of immense use to monitoring ecosystems
and understanding their interactive roles (Gross, 2005). Conventional procedures to estimate and monitor these
parameters although more accurate, are tedious and require more resources and hence Earth-Observation Satellites
(EOS) play an important role in collection of these parameters in an object-oriented manner for accurate timely
estimation (Dadhwal, 2011).

Studies have been carried out to estimate LAI using MSS data from LANDSAT, NOAA-AVHRR, MODIS-
TERRA and IRS-1D LISS-III sensor. LAI estimation using empirical method is based on regression between LAI
and vegetation indices (VI) while physical estimation is based on inversion of canopy reflectance model. Statistical
technique like Principal Component Inversion (Chaurasia & Dadhwal, 2004) and Artificial Neural Network (Fang
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& Liang, 2003) directly use band reflectance to predict LAI. The LAI-NDVI relation is logarithmic in nature and
a significant positive relationship was seen while estimating yield in several studies (Sehgal et al., 2005). NOAA/
AVHRR data set have also been used to understand carbon storages and fluxes (Justice et al., 1985).

As AVHRR-NDVI is available at global scale, it has been used effectively to monitor phenology of global vegetation
which also facilitated study of inter-annual variations in NDVI that can reveal the response of  vegetation to climate
anomalies. Goward & Hope (1989) demonstrated the linear relationship between NDVI during growing season
and ground based observations of  NPP in different biomes in North America. NDVI has been related to annual
NPP at global-scale to study atmosphere-biosphere exchange of  CO

2
. However, Nemani & Running (1989)

found that NDVI could not reflect reduction in photosynthesis induced by summer drought in water-stressed areas
implying that NDVI alone could not fully represent seasonal photosynthesis. NDVI can be simultaneously used to
estimate both FPAR and LAI as FPAR is a linear function of NDVI while LAI is a curvilinear function of  NDVI
(Sellers, 1985, 1987). The first global NPP images estimated using satellite NDVI were generated with Carnegie-
Ames-Stanford Approach (CASA) model which had a spatial resolution of 1 degree (Potter et al., 1993). CASA
model to investigate spatio-temporal processes of NPP over Indian sub-continent used a 2-min spatial resolution
derived from NOAA-AVHRR NDVI, weather inputs, soil and land cover maps. Study estimated an annual NPP
of 1.57 PgC (2544 g C/m2, of which 56% was contributed by cropland, 18.5% by broad-leaved deciduous
forests, 10% by broad-leaved evergreen forests and 8% by mixed shrub and grassland. There was a good agreement
between the modelled NPP and ground-based crop land NPP estimates over western India (Nayak et al., 2010).

NDVI is used to understand vegetation condition, crop type and phenology and several derived information like
area under agriculture and extent under various crop type and yield. Plants chlorophyll and pigmentation have high
reflectance in red and near infrared section of electro-magnetic spectrum and stress in crop or physiological
change causes variations in reflectance which helps in assessing vegetation condition. NDVI indicated as (NIR-R)
/ (NIR+R) thus ranges from -1 to 1 as reflectance from green vegetation in red spectrum is always lower than in
near-infrared portion of spectrum due to absorption of light by chlorophyll. Hence NDVI value for vegetation
cover can never be <0. It generally ranges from 0.1 to 0.6, the higher index values being associated with greater
green leaf area and biomass (Tucker, 1979).

Time-series NDVI datasets facilitate study of start of growth of plant, peak growth and senescence (Sesha Sai et
al., 2011a, b). However, NDVI can be an indicator of crop developments / condition only after significant spectral
emergence of crops, which has a lag of 2-3 weeks after the completion of significant sowings in a region as stated
by National Remote Sensing Centre (NRSC), a premier research institute under the Indian Space Research
Organization (ISRO). Currently, NDVI data products are being generated from most of the satellite sensor systems
viz., MODIS-NDVI of 250m and 1000m, SPOT  VGT NDVI of 1000m, NOAA-AVHRR NDVI of 1000m
and 8000m, and IRS AWiFS NDVI of 188m and AWiFS NDVI of 56m which are widely used for drought
monitoring under India’s National Agricultural Drought Assessment and Monitoring System (NADAMS) project
because of the suitable spatial and temporal coverage of these products (Murthy et al., 2007). Murthy and
Sesha Sai in their treaties Agricultural Drought Monitoring and Assessment in the form of an e-book in
www.nrsc.gov.in have noted that NDVI shows a lag correlation of up to 4 weeks with rainfall and aridity anomaly;
however, according to them this correlation is not unique for any season or geographical area as rainfall use
efficiency of crop or plant varies both in time and space, thus making direct satellite monitoring of vegetation
growth essential for reliable and objective monitoring of agricultural drought situation. Hence they opine that
complementary use of rainfall/aridity anomaly and vegetation index add to reliability of analysis of drought.

1.3.1.1. Soil Moisture Variations

The thermal-infrared (TIR) range in EMS is sensitive to water-stress and hence used to study soil moisture status
as it influences vegetation vigour and growth. Since 1980s, surface temperature (Ts) obtained from TIR has been
used as a water-stress indicator based on a relationship between leaf temperature and transpiration. Numerous
studies have suggested that a combination of surface temperature (Ts) and NDVI can provide information on
vegetation stress and moisture condition on the land surface. Scatter plots of remotely sensed surface temperature
and NDVI often exhibit triangular (Carlson et al., 1994) or trapezoidal (Moran et al., 1994) shapes and are
hence called NDVI Ts-shape. The primary basis for this relationship lies in the unique spectral reflectance-emittance
properties of leaves in the red and infrared regions, in combination with the low thermal mass of plant leaves
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relative to soil surface. The slope of the NDVI-Ts is more or less closely related to surface evapo-transpiration
(Boegh et al., 1998), surface soil moisture (Goetz, 1997), stomatal  conductance (Nemani & Running, 1989) and
Surface Bowen Ratio (Goward & Hope, 1989). Sandholt et al (2002) has suggested a no moisture index called
the temperature / vegetation dryness index (TVDI) based on an interpretation of simplified NDVI-Ts space to
assess surface moisture status. Later, many researchers have demonstrated the potential of the TVDI from Pathfinder
data (8km) to assess the surface soil moisture status by using routine measurements of soil moisture at station-level
or based on model simulations (Wang et al., 2004). In comparison with NOAA-AVHRR platform, MODIS-
TERRA sensor has higher spectral (36 bands) and spatial (250-1000m) resolution, better viewing-time and
calibration, which makes it superior for deriving parameters for various land surface properties.

1.3.2. Standardized Precipitation Index (SPI)

Standardized Precipitation Index (SPI) represents total difference of precipitation for a given period of time from
its climatic Mean and then normalized by Standard Deviation (SD) of precipitation for same period (Mckee et al.,
1993; Saikia & Kumar, 2011). It provides an improved tool to assess variations in precipitation and associated
impacts and hence, SPI instead of actual rainfall data was used for the present study. India Meteorological Department
(IMD) provides daily rainfall data of more than 100 years for many stations from its archives. Daily grided rainfall
dataset for 1901–2007, developed by Rajeevan et al (2008) for 1384 stations was used for the present study.
Girded rainfall data on a regular grid of 10 Latitude x 10 Longitude was used to calculate SPI using following
formulae:

SPI =

Where,

a = current precipitation for a given period

A = long- term normal of precipitation for the same period

sd = Standard Deviation of precipitation for the given period

Long-term precipitation record was fitted to a probability distribution which was then transformed into a normal
distribution so that Mean SPI for location and desired period is equal to zero. Positive SPI values indicate greater
than Median precipitation, while negative values indicate less than Median precipitation. As SPI is normalized,
both wetter and drier climates can be presented in similar manner and both wet and dry periods denoting flood and
drought could be monitored using SPI thus making it location and time independent. McKee et al (1993) used
SPI values to define drought intensities in USA. Accordingly, SPI of £ 1.00 for any given period is considered as
start of reduced rainfall period that could lead to drought, if prolonged. Thus, drought is said to occur at any time
when SPI is continuously negative and reaches -1.0 or less. Drought event is said to end when SPI becomes
positive. Computing SPI involves fitting a gamma probability density function to a given frequency distribution of
precipitation totals for a given climate station. The gamma distribution is defined by its frequency or probability
density function.

In order to calculate SPI, a minimum of 30 years continuous daily rainfall data is required. The data may be
summed as weekly or monthly averages as required for the study. In the absence of actual data, gridded rainfall
data may be used for the same purpose as illustrated by Rajeevan et al (2006). For the present study, both
gridded and actual rainfall datasets were obtained from All-India Co-ordinated Research Program on Agro-
Meteorology (AICRPAM) Data Bank at CRIDA and summed to arrive at monthly average for the months of
June, July, August and September representing southwest monsoon season in India corresponding with Kharif
cropping season as well as weekly total rainfall for 52 standard meteorological weeks for each year.

Use of SPI is advantageous for analysis as it offers a flexible time-scale to assess the severity of a dry-spell in a
given place. It can be calculated from weekly to 24-months or 2-year time scale depending on the purpose of the
study and the suitable time-scale required for study. Studies have indicated that Weekly SPI provide accurate
estimates as drought or dry spell start and end imperceptibly and hence weekly SPI may be the best time-scale
and useful for early-warning and contingency planning for drought. Mckee et al (1993) has classified climatic
variability based on SPI as follows:

a-A

sd
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SPI values Intensity of dry/wet spell

2.0 and > Extremely wet

1.5 to 1.99 Very wet

1.0 to 1.49 Moderately wet

-.99 to .99 Near normal

-1.0 to -1.49 Moderately dry

-1.5 to -1.99 Severely dry

-2.0 and < Extremely dry

In India SPI has been used to assess shift in climatic pattern as a result of trends in southwest monsoon. This
analysis can help indicate a shift of a given location towards dryness or wetness during a given time-period.
Locations that face the risk of early drought (late onset/early break in SW monsoon); mid-season drought (due to
prolonged break in monsoon) and late-season drought (due to early-withdrawal of monsoon) could be identified
and crop/ agriculture contingency plans could be drawn. SPI estimation can indicate the exact start of a dry spell
and its end and also indicate the quantum of rainfall required to break the dry spell. Such information when
integrated with actual crop water requirement and soil water holding capacity would help in avoiding occurrence of
agricultural drought by undertaking agronomic measures like application of supplemental irrigation, mulching, weeding,
etc.

1.3.2.1. Drought Monitoring Indices

Drought varies spatially over time and its intensity is dependent on the ecological context where it occurs. For
instance, a 25-50% deficit in rainfall from long-term average of a region is termed moderate meteorological drought
while >50% deficit will indicate severe meteorological drought. A severe drought in western Rajasthan would lead
to hydrological and agricultural drought as rainfall is the only source of water in a large area prior to the construction
of Rajasthan Canal or Indira Gandhi Canal which brings water from Sutlej River in Punjab to western Rajasthan.
A 50% deficit in rainfall in a humid region in NE India would affect agriculture as the local ecology is tuned to higher
rainfall, however, water scarcity may not be acute. Thus use of drought index would provide indication of an
imminent drought for which timely coping strategies could be drawn.

Drought index has been defined as a prime variable for assessing effect of a drought event; it is useful to define
different drought parameters, viz., intensity, duration, severity and spatial extent. It is essential that a drought
variable must be able to quantify drought for different time-scales for which a long time-series dataset is essential
(Hayes et al., 1999). Mishra & Singh (2010) published a comprehensive review of drought indices that were
developed over several decades and used in different parts of the world due to unique requirements in various
niche areas. However, the Palmer Drought Severity Index (Palmer, 1965) and the Standardized Precipitation
Index of  McKee et al (1993, 1995) have been found to serve drought monitoring and analysis in India effectively
and hence used in the current study. As stated earlier, SPI is easier to calculate and comprehend and spatially
invariant and could be calculated for any period of interest (Mishra & Singh, 2010) as it is a simple moving average
and can represent short-term precipitation thus indicating soil-moisture variations and wetness condition required
to carry out various agronomic operations in rainfed regions. SPI is especially useful in case of study of extreme
drought event as it can help in detecting onset of drought earlier than the Palmer Drought Severity Index as noted
by Sims et al (2002).

1.3.3. Length-of-crop-growing-period (LGP)

Crop requirement of water and temperature depends on the stage of crop development, cultivar, variety, type,
agronomic practice, etc. Hence, study of crop phenology is essential for vulnerability analysis. Length-of-crop-
growing-period (LGP) is defined as the period of the year when both moisture and temperature conditions are
suitable for crop growth. The LGP summarizes the temporally variable elements of climate that meets the requirement
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and estimated response of the plant. Temperature and soil moisture are key factors in determining cropping pattern
in rained regions. LGP is derived using agro-meteorological parameters as in case of  FAO model (1996) which
was used to delineate the Agro-ecological regions (AER) in India (Sehgal et al., 1992) and refined further to carve
out Agro-Ecological Sub-regions (AESR) in the country by (Velayutham et al 1999). LGP is traditionally estimated
using average monthly rainfall and potential evapo-transpiration. For the current study, LGP was derived from
NDVI dataset for which a methodology was developed that has been described in Chapter 4. To derive LGP from
NDVI, typical NDVI reflectance coefficient for each AESR in Andhra Pradesh & Telangana was identified.

To identify crop phenology stage viz., Start-of-Season (SOS) crop growth stage and NDVI threshold value (TV)
were identified. For this purpose, average NDVI value during Kharif cropping season corresponding to southwest
monsoon period and Rabi cropping season indicating post-monsoon period, were estimated for three normal
rainfall years / seasons for each AESR under study. Analysis of SPI data indicated that 1986, 1991 and 1999 were
normal rainfall years for the whole country. Threshold value (TV) was derived for each AESR from a mean of three
values for the above - mentioned years for the designated AESR. Thus TV for each AESR varied based on the
mean NDVI of the normal years for a given AESR. Start / Onset of Season (SOS) were considered to occur when
NDVI crossed the threshold value (TV) and continued on an upward trend in subsequent images. End-of-Season
(EOS) was identified as the period when NDVI fell below threshold value in subsequent images.Variations in LGP
in various AESR in the country were identified and mapped to understand the cause of agricultural vulnerability in
India. This was necessary to develop suitable package of practices for selection of crop variety and crop management
suitable for late onset or early withdrawal of monsoon or long intermittent breaks in rainfall during rainy season.

1.4. Review of literature

Early studies reporting use of AVHRR data pertain to analysing global vegetation phenology in the temperate and
sub-arctic region in the northern hemisphere during 1981-1991 (Myneni et al., 1997). This helped in establishing
its usability for temporal analysis of vegetation. Since then several studies on global biophysical land surface,  land
use / land cover identification (Jakubauskas et al., 2000), harmonic periodicity of  NDVI change in global vegetation
mapping, global continuous fields of percentage woody vegetation, herbaceous vegetation and bare ground from
AVHRR 8-km NDVI data have been reported (Defries et al., 2000) thus firmly establishing its use for vegetation
mapping. AVHRR 1-km data for global land cover classification was used to calibrate the MODIS sensor (Hansen
et al., 2000) thus providing a seamless transition with improved resolution capability for future applications as
mentioned earlier. Since then, both AVHRR and MODIS have been the main workhorses for studies on vegetation
across the globe (Bacour et al., 2006; Chen et al., 2003; Friedl et al.,2002; Huete et al., 2002; Hansen et al.,
2002; Nemani et al., 2003; Krishnaswamy et al., 2004; Thenkabail et al., 2004, 2007; Celis et al., 2007;
Heumann et al., 2007; Jain et al., 2009; Sehgal et al., 2011).

For topographically complex terrain like the Himalayan ranges in Jammu & Kashmir and in Arunachal Pradesh in
India, downscaling of real-time vegetation dynamics by fusing multi-temporal MODIS and LANDSAT NDVI
was recommended (Hwang et al., 2011). However, for the present, study of these areas has been omitted due to
extreme variability slope and in Max NDVI values due to snow cover for several months in these ranges. Global
evaluation of AVHRR-NDVI datasets (Beck et al., 2011) and temporal composting for LULC mapping in semi-
arid ecosystems (Huettich et al., 2011) for understanding vegetation dynamics have guided the present study for
assessing vulnerability of Indian agriculture to rainfall variations. Several studies have been undertaken to model
time-series data like NDVI and integrate it with climate change research (Qianyi et al., 2012; Lhermitte et al.,
2008; Lei and Bian, 2010; Beurs and Henebry, 2010; Yang et al., 2011). For the present study, a functional
interdisciplinary cross-scale framework was used to help improve our understanding of temporal change in Vegetation
Index in India based of AVHRR and MODIS time-series dataset (Chen, 2004; Justice et al., 1985; Kaushalya,
2011, Kaushalya et al., 2013 a,b,c, 2014 a,b,c; Rouse et al., 1973; Tarnavsky et al., 2008; Wunderle, 2003).

1.5. Data products used

Time-series NDVI data products of AVHRR space-borne sensor of NOAA polar-orbiting satellites are available
as 15-day composites with ground resolution of 8-km. The first two bands out of the five, i.e., Red (0.58 to 0.68
µm) and Near-Infrared (0.75 to 1.1µm) are useful for mapping clouds, land surface and delineate surface water
bodies respectively when combined. Hence these are also useful for monitoring vegetation (Tucker et al., 2004,
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2005). AVHRR NDVI data product is a part of the GIMMS dataset and was obtained from AVHRR instrument
on board NOAA satellite series 7, 9, 11, 14, 16 and 17 for the period 1981 till 2006. The data was corrected for
calibration, view geometry, volcanic aerosols and other effects not related to vegetation change and are made
available for download from Global Land Cover Facility (GLCF) website at www.landcover.org(http://www.
glcf.umd.edu/data/gimms/ as 15-day Maximum-Value Composite) (GIMMS, 2004).

In addition to this, NASA operated sensor Moderate Resolution Imaging Spectro-radiometer (MODIS) on board
TERRA and AQUA earth observation research satellites with a sweeping swath of 2330 km wide and covering
the earth in 1-2 days in 36 discreet spectral bands supplemented earth observation seamlessly with a higher
resolution NDVI dataset (http://terra.nasa.gov/). MODIS data has been found to be ideal for monitoring large-
scale changes in the biosphere and was hence deemed useful for assessing agricultural vulnerability at a relatively
finer-scale like district-level within the country. MODIS (16-day, 250m) NDVI composite products are freely
available from Land Processes - Distributed Active Archive Centre (LPDAAC) website of USGS <http://
mrtweb.cr.usgs.gov/>. The Indian sub-continent is covered in 13 scenes and NDVI data is available from February
2000 onwards till date.
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2. Spatial - Temporal Pattern of Standard Precipitation Index
(SPI) and Normalized Difference Vegetation Index (NDVI)

Spatial pattern of rainfall over India was mapped by interpolating 10 X 10 grided rainfall data (1982 and 2011) by
kriging to obtain 8-km resolution to correspond with the ground resolution of AVHRR NDVI data. SPI was
calculated from 110-year daily rainfall records for each grid point which was interpolated to 8-km resolution.
Analysis revealed that rainfall was highest during the months of July-August and occurrence of Max NDVI followed
during the months of September–October annually. Analysis of annual and south-west monsoon rainfall data was
used for the study (Figure 2.1a-g). Year 1982 was taken as base year for the study. Mean NDVI ranged from 0.0
to 0.79 while Max NDVI ranged from 0.014 to 0.995. To restrict the study to only agriculture, forest area was
masked which lowered the Max NDVI value. Although the country saw normal rainfall across various eco-zones,
SPI indicated a condition of moderate drying in West Bengal, eastern Bihar and Jharkhand, in a small part in
Vidharba and southern Madhya Pradesh and around National Capital Region, south-eastern Punjab, southern
Himachal Pradesh and south-west Uttarakhand. These are prime agricultural regions in the country growing
sugarcane, wheat, etc.

Fig.2.1a: Maps depicting annual SPI across India during 1982-1985
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Fig. 2.1b: Maps depicting annual SPI across India during 1986-1991 with floods in 1988 and 1990
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Fig. 2.1c: Maps depicting annual SPI during 1992-1997 with widespread floods in 1994
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Fig. 2.1d: Maps depicting annual SPI during 1998-2003 and occurrence of
widespread drought in 2000 and 2002
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Fig. 2.1e: Annual SPI during 2004-2009 with floods in 2005 and 2006 and widespread wet condition in
2008 and 2009
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Fig. 2.1f: Maps depicting annual SPI (2010-2011)

Fig. 2.1g: Drought Occurrence based on SPI (1982-2011)

Seasonal NDVI was studied using Mean and Max NDVI values for Kharif  and Rabi cropping seasons in a
continuum during 1982-83 and 2005-2006 (Figure 2.2). Kharif cropping season in 1982-83 started in 1st week
of  May instead of June as is normal and ended in first week of  November in 1982 while the Rabi season started
in 1st week of November and ended in the last week of March 1983. In 2005 the Kharif season started in 2nd
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week of June and ended in last week of November. Rabi season started in the 1st week of December and ended
in the last week of March in 2006. Thus, we see a delay in the start of both Kharif and Rabi cropping seasons in
2005-2006 and an effective reduction in length of both cropping season.Variability in Start of cropping Season
(SOS) – both during Kharif and Rabi would adversely affect agricultural production in the country.

Fig.2.2: Shift in seasonal Max NDVI in India

2.1. Trend in Max and Mean NDVI with rainfall during 1982 and 2006

Quantitative analysis of relationship between AVHRR (8km) Mean and Max NDVI with actual rainfall occurrence
in whole of India in two typical years, i.e., 1982 and 2006 revealed the following trends. While SD in NDVI was
less, it was higher in rainfall and CV of  Mean NDVI explained 8.1% of variation between the years. Between
1982 and 2006, there was only 5% variation in all-India rainfall, 10% in case of  Mean NDVI and 5% in case of
Max NDVI. No clear-cut trend was discernable on a national-scale. Table 2.1 explains the correlation between
these parameters.

Table 2.1: Relationship between NDVI and rainfall in India

Statistics Mean NDVI Max NDVI Actual Rainfall

SD 0.028 0.021 59.39

CV 0.0808 0.0404 0.036

CV (%) 8.1% 4% 3.6%

2.2. Trend in NDVI and SPI in a typical drought and flood year

Analysis of SPI indicated that 1987 was a severe drought year in India when Gujarat and western Uttar Pradesh
experienced severe drought and SPI was estimated as <-2 which denotes extremely dry condition. During that
year, SPI in Rajasthan ranged from -1.0 to -2.0 denoting moderate to severe dry condition. Moderate drought
prevailed in central India (SPI -1 to -1.49). During the same year, Max NDVI in Gujarat was 0.15 while Mean
NDVI was 0.11. In Rajasthan Max NDVI was 0.11 while Mean NDVI was 0.08. In western Uttar Pradesh Max
NDVI was 0.48 and Mean was 0.31. In case of central India where moderate drought occurred, Max NDVI was
0.12 and Mean NDVI was 0.09.

According to SPI analysis, 2005 was a flood year when floods occurred extensively in Andhra Pradesh, Karnataka,
Tamil Nadu and south-western parts of Maharashtra. SPI ranged from very wet to extremely wet, i.e., SPI >1.5.
During that year, Max NDVI in Andhra Pradesh and Karnataka ranged from 0.47 to 0.72 while Mean NDVI
ranged from 0.30 to 0.55.
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2.3. Comparison of trends in AVHRR and MODIS NDVI datasets (2001-2006)

Both datasets i.e., AVHRR (8km,15-day) and MODIS (250m, 16-day) are available for a comparative study
between 2001 and 2006 (Figure 2.3a & 2.3b). Study of Max NDVI indicated a similar spatial and temporal
trend. In MODIS dataset, out of 605 districts of India for which NDVI was analysed, it was seen that there was
a disimilarity in NDVI trend in 74 districts. It was also seen that data was inconsistent in seven districts (Figure
2.3c). NDVI trend based on MODIS data alone during 2007-2011 is indicated in Figure 2.4.

Fig. 2.3a & b:Trend in Max NDVI based on annual AVHRR and MODIS composite data (2001-2006)

Fig. 2.3c: Comparison of Max NDVI obtained from AVHRR & MODIS datasets (2001-2006)

Comparison of NDVI datasets from AVHRR & MODIS (2001-2006)
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Fig. 2.4: Trend in NDVI based on MODIS data (2007-2011)
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3. Methodology for Assessing Agricultural Vulnerability

Time-series NDVI data products of both AVHRR and MODIS were analysed to identify the spatial extent of
agricultural vulnerability in India. AVHRR-NDVI data product which is available for whole of  Indian sub-continent
was sub-set from the global coverage in the form of one tile for each year starting from 1982. Bi-monthly NDVI
images (15-day, 8km) were stacked and pre-processed, followed by identification of pixel-wise Max NDVI for
arriving at Maximum Greenness for any pixel during corresponding year during the period 1982 to 2006. This was
followed by estimation of  Mean and Standard Deviation for Max NDVI. To understand variability in Greenness
as an indicator of agricultural vulnerability, Coefficient of  Variation (CV) of  Max NDVI was calculated which
formed the basis for analysis of agricultural vulnerability. Due to coarse resolution of AVHRR (8-km) dataset
based on Max NDVI pattern, agricultural vulnerability was identified at AESR-level. The exercise helped in estimation
of spatial extent of vulnerable regions in the whole country. Method for identifying and estimating extent of  agricultural
vulnerability is indicated in Figure 3.1.

Fig. 3.1: Methodology for assessing agricultural vulnerability
(Sources: AICRPAM-CRIDA, 2011-Weather Cock & McKee et al., 1993)

Spatial pattern of rainfall (1982 and 2011) was mapped by interpolating 10 X 10 rainfall grid data using Kriging
method as mentioned earlier. Standard Precipitation Index (SPI) was calculated from 110-year daily rainfall records
for each grid point and trends analysed. As mentioned earlier, rainfall was highest during the months of July-August
and corresponding Max NDVI occurred in the following months of  Sept–October annually. Analysis of annual
and southwest monsoon rainfall pattern was used for the study assuming 1982 as the base year.
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3.1. Assessment of agricultural vulnerability using AVHRR-NDVI dataset

AVHRR-NDVI data was downloaded and sub-set from the global coverage for the period 1982-2006. Bi-
monthly NDVI images were then stacked and pre-processed, followed by identification of pixel-wise Max NDVI
to arrive at Maximum Greenness for any pixel during corresponding year (1982 to 2006). This was followed by
estimation of  Mean and Standard Deviation for Maximum NDVI. To understand variability in Greenness as an
indicator of agricultural vulnerability, CV of  Max NDVI was calculated which formed the basis for vulnerability
analysis presented in this publication. Pattern of AVHRR (8-km) Max NDVI value helped in identifying large
geographical regions like agro-ecological sub-regions (AESR) that were vulnerable due to lower  rainfall leading
to drought situation resulting from higher rainfall variability and/or climate change (Nicholson et al., 1990). Study
of variations in NDVI helped in estimating the spatial extent of agricultural vulnerability across India.

CV of Annual Maximum NDVI was estimated to assess trend in NDVI variability across various states and AESR
in the country. Figure 3.2 indicates a general trend in rainfall and NDVI in India. Figure 3.3 (a-e) indicates trend in
annual Max NDVI during 1982 to 2006 based on AVHRR NDVI composites.  As is evident, there is a large
variation in vegetation dynamics in the country owing to climatic variability. In arid regions in western Rajasthan
and Gujarat and south-central India in the arid districts of  Bellary and Anantapur, vegetation cover was sparse but
as livestock population is large, it contributed to increased vulnerability of the region in the event of drought. In
semi-arid and sub-humid zones which account for a large area under rainfed agriculture, natural resource base
supporting agricultural enterprise was poor owing to shallow soil cover and falling ground water table, in addition
to presence of a large number of marginal and small farm holdings that depend on south west monsoon rainfall for
carrying out agricultural operations. Agricultural vulnerability in this region increased owning to these factors. In the
humid regions where agriculture was undertaken in two to three cropping seasons annually, floods and/or drought
could be devastating while in the per-humid regions as in the north-eastern region in India, a decline in rainfall could
be harsh on the local and national economy. From Figure 3.3 (a-e) it may be seen that northeast region, western
coastal plains, Sub - Himalayan hill region in Jammu & Kashmir and Himachal Pradesh besides Eastern Plateau
region in Chhattisgarh, Odisha and Jharkhand, have experienced a decline in NDVI during 1982-2006. This may
be perceived as an indicator of agricultural vulnerability.

Fig.3.2: Variations in All-India rainfall and NDVI

As indicated in Figure 3.2, Max NDVI values are random values that are difficult to smoothen. Hence R2 in this
case is 0.29 i.e., it explains only 30% of variations. On the other hand, the Mean NDVI from time-series data
shows a smooth trend with a R2 of 0.56 or 56%. To understand trend in annual rainfall, a 2-year moving average
was taken to analyse its impact on Vegetation Index.
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Fig. 3.3a: Trend in Max NDVI based on Annual AVHRR-NDVI composites (1982-1987)



21

Fig. 3.3b: Trend in Annual Max NDVI based on AVHRR-NDVI composites (1988-1993)
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Fig. 3.3c: Trend in Annual Max NDVI based on AVHRR datasets (1994-1999)
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Fig. 3.3d: Trend in Max NDVI based on Annual AVHRR datasets (2000-2005)
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Fig. 3.3e: Trend in Max NDVI based on AVHRR-NDVI dataset in 2006

3.2. Temporal variations in NDVI based on MODIS dataset (2001-2012)

Similarly MODIS-NDVI dataset with an improved ground resolution of 250m was used to evaluate variability in
vegetation vigour for the period 2001-2012. Ground resolution of MODIS dataset was found suitable for district-
level vulnerability analysis as indicated in Figure 3.4 (a-c).

Fig. 3.4a: Trend in Max. NDVI based on MODIS data (2001-2004)
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Fig. 3.4b: Trend in Max. NDVI based on MODIS data (2005-2010)
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Fig. 3.4c: Trend in Max. NDVI based on MODIS-NDVI (2011 -2012)

3.3. Identification of agriculturally vulnerable regions in India

Based on CV of  Max NDVI as a result of decrease in rainfall illustrated by SPI and associated changes in length-
of-crop-growing-period (LGP) discussed in a subsequent section, regional agricultural vulnerability was identified
across India. Study indicated that drought and floods occurred simultaneously during several years since 1982.
During typical years like in 1987 when drought occurred in the country, Gujarat and western Uttar Pradesh
experienced severe drought with SPI<-2 denoting ‘extremely dry’ condition. During the year SPI ranged from -
1.0 to -2.0 in Rajasthan which is termed ‘moderately to severely dry’ condition while moderate drought prevailed
in central India with SPI ranging from -1 to -1.49. During this period Max NDVI in Gujarat ranged from 0.15 to
0.73 while Mean NDVI was 0.11 – 0.43.

To identify agriculturally vulnerable regions in the country, a temporal analysis of dynamics of weather aberrations
was carried out for each year. First, a layer of annual Max NDVI for each year was prepared from AVHRR
(8-km) NDVI data product using 24 images for each of the 25 years (1982-2006). Next, they were stacked to
estimate CV of  Max NDVI which was then used to plot a Vulnerability Map (Edwards et al., 2007) using
pixel-level data at the State and AESR-levels (Figure 3.5). As is evident from Figure 3.5 there is a clear
north - south axis to spatial distribution of agricultural vulnerability in the country. Vulnerable zones correspond to
the arid, semi-arid and dry-sub-humid regions including the transition belt between dry sub-humid and moist
sub-humid region.

Map revealed that over 210 million ha (mha) in the country was marginally vulnerable to climate change due to
rainfall variability while 76.56 mha was moderately vulnerable and over 2.85 mha was severely vulnerable. These
regions were essentially located in arid and semi-arid tracts in Rajasthan and Gujarat. Thus, while livestock in
western Rajasthan may be critically vulnerable, prosperous farmers from the cotton and groundnut growing belt in
Gujarat may also face severe economic hardships and losses due to climate change in future.

Study indicated that over 1.81 mha of  Kharif cropland was severely and 12.1 mha was moderately vulnerable to
climate change. In addition to this, over 0.5 mha of Rabi cropland was severely vulnerable and 6.86 mha was
moderately vulnerable. Rest of  the agricultural land including double, triple cropped area, current fallow, plantation
and orchards in 5.24 mha would be adversely affected while 29.93 mha was marginally vulnerable to climate
change.

As mentioned earlier, the MODIS-NDVI dataset available since 2001 with a finer resolution of 250m was used to
downscale the agricultural vulnerability analysis to district-level (Figure 3.6) so that it can be used by agencies to
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implement mitigation and adaptation strategies at the local-level. Geo-statistical analysis indicated that instead of
210 mha identified using AVHRR-NDVI dataset, over 239.14 mha was marginally vulnerable to climate change
and variability in weather. Over 39 mha was moderately vulnerable while over 6 mha was severely vulnerable.

3.4. Estimating spatial extent of vulnerable regions using GIS tools

Extent of agriculturally vulnerable regions based on variations in NDVI derived from time-series satellite-based
NDVI data products obtained from NOAA-AVHRR and MODIS-TERRA satellites was identified and mapped
as indicated in Figures 3.5 and 3.6.The extent of area under each category of vulnerability was estimated using
GIS tools. This information is useful for developing strategies to mitigate impact of climatic aberrations. The procedure
for estimating spatial extent of agricultural vulnerability is as follows:

Step1: Input raster image of vulnerable region identified by using CV Max of NDVI based on AVHRR and
MODIS datasets (Figures 3.5 and 3.6).

Step 2: Input vector layer of AESR/ State/ District-level as required for study.

Step 3: Measurement of area is undertaken (for e.g., using ERDAS Imagine software-ver. 2011).

Step 4: Digitizing polygon depicting various categories of  vulnerability within each AESR/ State/District administrative
unit, as the case may be.

Study indicated that according to MODIS-TERRA NDVI dataset over 47 mha of Net Sown Area (NSA) or
33.1% of it is vulnerable to climate change while according to NOAA-AVHRR dataset 29 mha or 20.4% of  NSA
is vulnerable to climate change. This discrepancy is due to the coarse resolution of AVHRR dataset compared to
the former. Table 3.1 indicates that 87 districts were vulnerable to climate change using NOAA-AVHRR dataset.
Out of 83.96 mha area in these districts, 24 mha was mildly vulnerable with a CV of  Max NDVI of 10-20%,
4.0 mha with a CV of  20-30 % could be termed as moderately vulnerable and over 0.52 mha with over 30% CV
is deemed to be severely vulnerable.

Table 3.2 presents the spatial extent of agriculturally vulnerable region according to MODIS-TERRA dataset. The
table indicates that 122 districts were vulnerable to climate change accounting for over 110 mha in the country. Out
of  this over 39 mha was mildly vulnerable with a CV of  Max NDVI of 10-20%, 5.6 mha was moderately
vulnerable to a degree of  20-30 % while over 1.4 mha was severely vulnerable with a CV of  >30%. Table 3.3 (a)
and (b) lists the vulnerable districts in India identified based on variability of  Max NDVI obtained from AVHRR
and MODIS datasets respectively as indicated in Figure 3.5 and 3.6.

It may be noted that the comparatively better ground resolution of MODIS data product has helped in precise
estimation of vulnerable area in the country.
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Fig. 3.5: Extent of agriculturally vulnerable areas based on AVHRR dataset
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Table 3.1: Extent of agricultural vulnerability based on CV Max NDVI based on
NOAA- AVHRR (1982-2006)

Spatial Extent of Vulnerable Regions to Climate Change

S. State AESR District Prevalent Bio-climate District AVHRR Vulnerable

No No  Total Area (‘000 ha)

Area Vulnerability Class

(‘000 ha) (CV Max NDVI in %)

10-20 20-30 30-40

1 Tamil Nadu 8.1 Tirunelveli Hot dry semi-arid 682.4 128.1

2 8.3 Sivaganga Hot moist semi-arid 418.9 32.7

3 8.3 Erode Hot moist semi-arid 816.5 4.14

Total 1917.8 164.9

4 Karnataka 6.1,6.2, Bijapur Hot dry semi-arid; Hot moist semi-arid; 1092.5 245.8

6.4 Hot dry sub-humid

5 6.1,6.2 Gulbarga Hot dry semi-arid; Hot moist semi-arid 1624.9 739.8

6 6.4,3, Davanagere Hot dry sub-humid; Hot arid; Hot moist 532.6 202.8

8.2 semi-arid

7 6.4 Dharwad Hot dry sub-humid 401.2 25.46

8 8.2,3,8.3 Kolar Hot moist semi-arid; Hot arid; 820.8 2.52

Hot moist semi-arid

9 6.4 Haveri Hot dry sub-humid 485.1 205.1

10 3 Chitradurga Hot arid 844.1 381.2

11 6.4 Gadag Hot dry sub-humid 465.7 218.4

12 6.1 Raichur Hot dry semi-arid 684.2 169.7

13 3 Koppal Hot arid 122.2 211.3

Total 7073.3 2401.9

14 Maharashtra 6.1,6.2 Osmanabad Hot dry semi-arid; Hot moist semi-arid 756.3 218.6

15 6.1 Sangli Hot dry semi-arid 857.2 256.7

16 6.1 Solapur Hot dry semi-arid 1501.7 689.1

17 6.1,6.2 Pune Hot dry semi-arid; Hot moist semi-arid 1564.2 306.7

18 6.1,6.4 Satara Hot dry semi-arid; Hot dry sub-humid 1048.4 230.9

19 6.2 Jalna Hot moist semi-arid 641.7 259.7

20 6.2 Nasik Hot moist semi-arid 1553 300.4

21 6.2 Jalgaon Hot moist semi-arid 1176.5 201.5

22 6.2 Dhule Hot moist semi-arid 809.5 121

Total 9908.5 2584.6

23 Madhya 5.2,10.1 Dewas Hot moist semi-arid; Hot dry 696.4 255.1

Pradesh sub-humid

24 4.4 Shivpuri Hot moist semi-arid 1044.2 113.6

25 4.1,4.4 Morena Hot semi-arid; Hot moist semi-arid 542.5 52.83

26 4.4 Gwalior Hot moist semi-arid 522.2 128.5

27 5.2 Dhar 815 562.8 30.27

28 10.1,4.4 Sagar Hot dry sub-humid 1026.2 317.1

10.3

29 10.4 Seoni Hot moist sub-humid 876.8 56.68

30 5.2 Indore Hot moist semi-arid 389.8 228.4 70.06

31 5.2 Ujjain Hot moist semi-arid 609.1 87.01
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32 5.2 Ratlam Hot moist semi-arid 486.1 371.7 21.03

33 5.2 Rajgarh Hot moist semi-arid 615.4 16.12

34 10.1 Guna Hot dry sub-humid 630.5 234.51

Total 8254.2 2424.2 121.4

35 Rajasthan 4.2 Dungapur Hot dry semi-arid 378.7 209

36 2.3, 4.2 Udaipur Hot typic arid; Hot dry semi-arid 1265.2 200.6

37 4.2, 5.2 Chittaurgarh Hot dry semi-arid; Hot moist semi-arid 1062.4 213.1

38 2.3, 2.1 Hanumangarh Hot hyper–arid; Hot typic arid 1019.5 458.8 103.6

39 2.3, 4.2 Ajmer Hot typic arid; Hot dry semi-arid 848.1 474 8.51

40 2.1 Barmer Hot hyper– arid 695.5 51.76 607.2 397.6

41 4.1 Bharatpur Hot semi-arid 509.2 164.8

42 4.2 Bhilwara Hot dry semi-arid 1045.5 783.6

43 2.1 Bikaner Hot hyper– arid 2724.4 723.9 532.6

44 4.2 Bundi Hot dry semi-arid 555 55.7 31.54

45 2.3 Churu Hot typic arid 1683 309.6 186.2

46 4.1 Dausa Hot semi-arid 343.2 174.9

47 4.1 Dhaulpur Hot semi-arid 300.8 52.01

48 4.1 Jaipur Hot semi-arid 1063.6 586.3 41.66

49 2.1 Jaisalmer Hot hyper– arid 3840.1 117.3 571.3 122.5

50 2.3 Jalor Hot typic arid 1064 360.1 140.3

51 2.3, 4.1 Jhunjhunun Hot typic arid; Hot semi-arid 592.8 398.9 11.92

52 2.1 Jodhpur Hot hyper–arid 2285 372.1 395.3 3.3

53 2.3 Nagaur Hot typic arid 1771.8 436.9

54 2.3 Pali Hot typic arid 1238.7 698.5 70.7

55 4.2 Sawai Hot dry semi-arid 500.3 223.6 5.85

Madhopur

56 2.3,4.1 Sikar Hot typic arid; Hot semi-arid 773.2 430.3 76.04

57 2.3 Sirohi Hot typic arid 513.6 206.6

58 4.2 Tonk Hot dry semi-arid 719.4 443.1 84.75

Total 26793 8145.9 2867.5 523.4

59 Gujarat 4.2 Ahmadabad Hot dry semi-arid 870.7 466.6

60 5.1 Amreli Hot dry semi-arid 676 3.04

61 2.4, 2.3 Patan Hot arid; Hot typic arid 579.5 138.7 4.43

62 4.2 Anand Hot dry semi-arid 304.4 16.08 0.16

63 2.3 BanasKantha Hot typic arid 1270.3 345.6 119

64 5.1 Bhavnagar Hot dry semi-arid 1115.5 645.8 28.36

65 5.2 Dahod Hot moist semi-arid 360.9 133.8

66 2.4 Jamnagar Hot arid 1412.5 339.8 331.1

67 5.3 Junagadh Hot moist semi-arid 830.6 645.5

68 2.4 Mahesana Hot arid 334.3 97.93

69 5.2 PanchMahals Hot moist semi-arid 525.7 249.8

70 2.4 Porbandar Hot arid 230.1 128.9 22.49

71 2.4 Rajkot Hot arid 1120.3 571.2 281.4

72 4.2 SabarKantha Hot dry semi-arid 739 241.9

73 2.4 Surendranagar Hot arid 1048.9 628.3 22.4

74 2.2, 2.4 Kachchh Hot arid 4565.2 725 240

75 5.2 Vadodara Hot moist semi-arid 779.4 80.83

Total 16763.3 5458.9 1049.4

76 Telangana 7.2 Mahbubnagar Hot moist semi – arid 1843.2 493.3

77 7.2 Nalgonda Hot moist semi–arid 1424 110.6

Total 3267.2 603.6
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78 Andhra 7.1 Kurnool Hot dry semi-arid 1765.8 377.3

Pradesh

79 7.3,18.3 Prakasam Hot dry sub-humid 1762.6 79.98

80 18.3, Nellore Hot moist semi-arid; Hot moist 1314.9 123.8

18.2, 7.3, semi-arid/ dry sub-humid; Hot

7.1 dry semi-arid

81 3 Anantapur Hot arid 1913 1522.2

82 7.1 Cuddapah Hot dry semi-arid 1535.9 386.6

Total 8292.2 2489.8

83 Bihar 9.2 Gaya Hot dry sub-humid 497.6 307.5

84 9.2 Jehanabad Hot dry sub-humid 156.9 24.47

85 9.2 Nawada Hot dry sub-humid 249.4 23.6

Total 903.9 355.6

86 Uttar 4.4 Jhansi Hot moist semi-arid 502.4 151.3

Pradesh

87 4.4 Mahoba Hot moist semi-arid 291.7 93.41

Total 794.1 244.7

Sub Total 8396.7 2487.6 4038.3 523.4

Grand  Total                    29437.7
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Fig. 3.6: Extent of agricultural vulnerability at district-level based on CV of Max NDVI based on
TERRA-MODIS (2001-2012)
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Table 3.2:Extent of agricultural vulnerability based on CV Max NDVI based on
TERRA-MODIS (2001-2012)

Spatial Extent of  Vulnerable Regions to Climate Change

S. State AESR District Prevalent Bio-climate District MODIS Vulnerable

No No  Total Area (‘000 ha)

Area Vulnerability Class

(‘000 ha) (CV Max NDVI in %)

10-20 20-30 30-40 40-50

1 Tamil Nadu 8.1 Tirunelveli Hot dry semi-arid 682.4 89.3

2 8.3 Sivaganga Hot moist semi-arid 418.9 32.2

3 8.3 Erode Hot moist semi-arid 816.5 66.9

Total 1917.8 188.4

4 Karnataka 6.1, 6.2, Bijapur Hot dry semi-arid; Hot moist semi-arid; 1092.5 763.9

6.4 Hot dry sub-humid

5 6.1, 6.2 Gulbarga Hot dry semi-arid; Hot moist semi-arid 1624.9 745

6 3, 6.1, Bellary Hot arid; Hot dry semi-arid; 876.7 409.9

6.4, 7.1 Hot dry sub-humid; Hot dry semi-arid

7 6.4, 3, Davanagere Hot dry sub-humid; Hot arid; 532.6 122

8.2 Hot moist semi-arid

8 6.4 Dharwad Hot dry sub-humid 401.2 196.8

9 19.2, 8.2 Hassan Hot moist sub-humid to humid;  681.4 63.2

Hot moist semi-arid

10 8.2 Mandya Hot moist semi-arid 493.8 51.4

11 19.2, 8.2 Chikmagalur Hot moist sub-humid to humid; 721.2 33.8

Hot moist semi-arid

12 8.2 Bangalore Hot moist semi-arid 582.2 134.1

Rural

13 8.2, 3, Kolar Hot moist semi-arid; Hot arid; 820.8 199.2

8.3 Hot moist semi-arid

14 6.4 Haveri Hot dry sub-humid 485.1 280

15 3 Chitradurga Hot arid 844.1 454

16 6.4 Gadag Hot dry sub-humid 465.7 200.7

17 3 Bagalkot Hot arid 657.5 298.3

18 6.4 Belgaum Hot dry sub-humid 1341.7 717.1

19 6.1 Raichur Hot dry semi-arid 684.2 435.8

20 3.0 Koppal Hot arid 122.2 311.7

21 3.0 Tumkur Hot arid 1059.8 561.2

Total 13487.3 5978.2 22.8

22 Maharashtra 6.1, 6.2 Osmanabad Hot dry semi-arid; Hot moist semi-arid 756.3 138.4

23 6.2, 6.1 Beed Hot dry semi-arid; Hot moist semi-arid 1104.3 232.9

24 6.2, 6.3 Aurangabad Hot moist semi-arid; Hot moist semi-arid 1011.4 275.8

25 5.2, 6.2 Nandurbar Hot moist semi-arid; Hot moist semi-arid 635.6 87.8

26 6.1 Sangli Hot dry semi-arid 857.2 445.6 51.9

27 6.2 Ahmednagar Hot moist semi-arid 1704.8 934.4

28 6.1 Solapur Hot dry semi-arid 1501.7 985.4 26

29 6.1, 6.2 Pune Hot dry semi-arid; Hot moist semi-arid 1564.2 298 124.5

30 6.1, 6.4 Satara Hot dry semi-arid; Hot dry sub-humid 1048.4 130.9 191.7
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31 6.2 Jalna Hot moist semi-arid 641.7 140.5

32 6.2 Nasik Hot moist semi-arid 1553 394.8

33 6.2 Jalgaon Hot moist semi-arid 1176.5 105.7

34 6.2 Dhule Hot moist semi-arid 809.5 212.3

Total 14364.6 4382.4 394.1

35 Madhya 5.2, 10.1 Shajapur Hot moist semi-arid; Hot dry sub- humid 629.9 231.9

Pradesh

36 5.2, 10.1 Dewas Hot moist semi-arid; Hot dry sub- humid 696.4 68.1

37 4.1, 4.2, Sheopur Hot semi-arid; Hot dry semi-arid; 609.5 343 4

4.4, 5.2, Hot moist semi-arid;

10.1 Hot moist semi-arid, Hot dry sub-humid

38 4.4 Shivpuri Hot moist semi-arid 1044.2 332.7

39 4.1, 4.4 Morena Hot semi-arid; Hot moist semi-arid 542.5 240.8 5.2

40 4.4 Gwalior Hot moist semi-arid 522.2 168.2 2.9

41 4.4 Datia Hot moist semi-arid 188.9 44.1

42 5.2, 4.2 Neemuch Hot moist semi-arid; Hot dry semi-arid 453.9 156

43 5.2 Mandsaur Hot moist semi-arid 526.2 173.3 4

44 5.2 Jhabua Hot moist semi-arid 677.4 209.9

45 5.2 Dhar Hot moist semi-arid 815 493.8

46 4.3, 4.4 Bhind Moist semi-arid; Hot moist semi-arid 447 198.4 11.8

47 10.1, 4.4, Sagar Hot dry sub-humid ; 1026.2 49.4

10.3 Hot moist semi-arid; Hot dry sub-humid

48 10.4 Seoni Hot moist sub-humid 876.8 227.1

49 5.2 Barwani Hot moist semi-arid 542.2 307.2

50 5.2 West Nimar Hot moist semi-arid 802.8 423.5

51 5.2 East Nimar Hot moist semi-arid 747.9 348.6

52 5.2 Indore Hot moist semi-arid 389.8 196.1

53 5.2 Ujjain Hot moist semi-arid 609.1 376.9

54 5.2 Ratlam Hot moist semi-arid 486.1 265.3

55 5.2 Rajgarh Hot moist semi-arid 615.4 291

56 10.1 Guna Hot dry sub-humid 630.5 469.5

Total 13879.9 5615 27.8

57  Rajasthan 4.2 Dungarpur Hot dry semi-arid 378.7 96.4

58 2.3, 4.2 Udaipur Hot typic arid; Hot dry semi-arid 1265.2 58.6

59 4.2, 5.2 Chittaurgarh Hot dry semi-arid; Hot moist semi-arid 1062.4 180.4

60 2.1, 2.3 Sriganganagar Hot hyper–arid; Hot typic arid 1042.3 753.8 71.2

61 2.3, 2.1 Hanumangarh Hot Arid; Hot typic arid 1019.5 237.6 415.3

62 2.3, 4.2 Ajmer Hot typic arid; Hot dry semi-arid 848.1 134 229.4

63 4.1 Alwar Hot semi-arid 838 279.4 17

64 4.2, 5.2 Banswara Hot dry semi-arid; Hot moist semi-arid 503.7 136.2 0

65 2.1 Barmer Hot hyper–arid 695.5 440.4 132.6

66 4.1 Bharatpur Hot semi-arid 509.2 68.7

67 4.2 Bhilwara Hot dry semi-arid 1045.5 839.4 25.6

68 2.1 Bikaner Hot hyper–arid 2724.4 869.5 613.3

69 4.2 Bundi Hot dry semi-arid 555 257.2 25.6

70 2.3 Churu Hot typic arid 1683 171 924.2

71 4.1 Dausa Hot semi-arid 343.2 104.4

72 4.1 Dhaulpur Hot semi-arid 300.8 170.4

73 4.1 Jaipur Hot semi-arid 1063.6 635.2 121.8
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74 2.1 Jaisalmer Hot hyper–arid 3840.1 449.7 181.9

75 2.3 Jalor Hot typic arid 1064 333

76 2.3, 4.1 Jhunjhunun Hot typic arid; Hot semi-arid 592.8 179.9

77 2.1 Jodhpur Hot hyper–arid 2285 387.6 958.3

78 4.1 Karauli Hot semi-arid 552.4 322.3 33.6

79 5.2 Kota Hot moist semi-arid 548.1 60

80 2.3 Nagaur Hot typic arid 1771.8 402 578.6

81 2.3 Pali Hot typic arid 1238.7 761.9 313.6

82 2.3 Rajsamand Hot typic arid 468.9 155

83 4.2 Sawai Hot dry semi-arid 500.3 261.3 10.5

Madhopur

84 2.3, 4.1 Sikar Hot typic arid; Hot semi-arid 773.2 327.6 176.6

85 2.3 Sirohi Hot typic arid 513.6 280 31.7

86 4.2 Tonk Hot dry semi-arid 719.4 651.8 40

87 5.2, 10.1 Jhalawar Hot moist semi-arid; Hot dry sub- humid 625.5 224.4

88 5.2, 10.1, Baran Hot moist semi-arid; Hot dry sub humid; 671.2 330.9

4.4 Hot moist semi-arid

Total 32043.1 10560 4900.8 1347.4 215.6

89 Gujarat 4.2 Ahmadabad Hot dry semi-arid 870.7 464.6

90 5.1 Amreli Hot dry semi-arid 676 108.2

91 2.4, 5.1 Surendranagar Hot arid; Hot dry semi-arid 1052.5 724.8

92 2.4, 2.3 Patan Hot arid; Hot typic arid 579.5 361.2 59.4

93 4.2 Anand Hot dry semi-arid 304.4 75.8

94 2.3 BanasKantha Hot typic arid 1270.3 1143.2

95 5.1 Bhavnagar Hot dry semi-arid 1115.5 478

96 5.2 Dahod Hot moist semi-arid 360.9 115.2

97 2.4 Gandhinagar Hot arid 64.9 5.3

98 2.4 Jamnagar Hot arid 1412.5 734.6 5

99 5.3 Junagadh Hot moist semi-arid 830.6 88.8

100 2.4 Mahesana Hot arid 334.3 61.6 1

101 5.2 PanchMahals Hot moist semi-arid 525.7 20

102 2.4 Porbandar Hot arid 230.1 141.5 5

103 2.4 Rajkot Hot arid 1120.3 555 11.5

104 4.2 SabarKantha Hot dry semi-arid 739 107.2

105 2.2, 2.4 Kachchh Hot hyper arid ; Hot arid 4565.2 496.7 194.6 102.9

106 5.2 Vadodara Hot moist semi-arid 779.4 11

Total 168318 56927 2765 1029

107 Telangana 7.2 Mahbubnagar Hot moist semi-arid 1843.2 556.6

108 7.2 Nalgonda Hot moist semi-arid 1424 598.4

Total 3267.2 1155

109 Andhra 7.1 Kurnool Hot dry semi-arid 1765.8 717.3

Pradesh

110 7.3, 18.3 Prakasam Hot moist semi-arid/ dry sub-humid; 1762.6 975.9

Hot dry sub-humid

111 18.3, Nellore Hot dry sub-humid; 1314.9 360.2 4.9

18.2, 7.3, Hot moist semi-arid;

7.1 Hot moist semi-arid/dry sub-humid;

Hot dry semi-arid

112 3 Anantapur Hot arid 1913 1514.9 25.2
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113 7.1 Cuddapah Hot dry semi-arid 1535.9 368.9

Total 8292.2 3937.2 30.11

114  Bihar 9.2 Gaya Hot dry sub-humid 497.6 343.4

115 9.2 Jehanabad Hot dry sub-humid 156.9 53.5

116 9.2 Nawada Hot dry sub-humid 249.4 84.1

Total 903.9 481

117 Chhattisgarh 11 Durg Hot moist/dry sub-humid transitional 863.5 22.6

118 10.4, 11 Kabirdham/ Hot moist sub-humid; 343.7 31.6

Kawardha Hot moist/dry sub-humid transitional

Total 1207.2 54.2

119 Uttar 4.4 Jhansi Hot moist semi-arid 502.4 219.9 30.8

Pradesh

120 4.3, 4.4 Hamirpur Hot moist semi-arid; Hot moist semi-arid 419.3 150

121 4.4 Mahoba Hot moist semi-arid 291.7 76.9

Total 1213.4 446.8 30.8

122 Odisha 12.1, 11 Nabarangpur Hot moist sub-humid; 584.2 71.3

Hot moist/dry sub-humid transitional

Total 584.2 71.3

Sub total 109013.9 38909.8 5682.9 1450.3 215.6

Grand total                          46257.5

3.5. Prioritization of Rainfed Areas in India

In February 2012, National Rainfed Area Authority (NRAA) recognized the need to characterize rainfed region in
India and prioritize the districts within this category based on their natural resource and livelihood opportunities for
which nine NRM indicators and five livelihood indicators were identified (NRAA, 2012). The NRM component
of the study was carried out by Central Research Institute for Dryland Agriculture (CRIDA), Hyderabad which
developed a ‘Natural Resource Index’ (NRI) comprising of nine variables, viz., rainfall, frequency of drought,
available water content, extent and percent of degraded and wastelands, irrigation intensity, extent and percent of
rainfed areas and ground water status. The Indian Agricultural Statistics Research Institute (IASRI), New Delhi
constructed an ‘Integrated Livelihoods Index’ (ILI), which is a composite of three sub-indices, viz.,
socio-economic index, health and sanitation index and infrastructure index. Both NRI and ILI were constructed as
a weighted sum of relevant variables with weights generated from PCA. The results of  NRI derived from PCA
generated weights largely agreed with the weights suggested by subject matter specialists.

Rainfed Areas Prioritization Index (RAPI) was derived by assigning two-thirds weight to natural resource (NR)
priority index and one-third weight to livelihood priority index as suggested by subject matter specialists. Accordingly,
the top one-third districts (167) based on RAPI score was considered as high priority rainfed districts for undertaking
crop and livestock-based interventions.

These 167 districts assigned high priority scores for carrying out development measures to back- stop agriculture,
largely compare well with the vulnerable districts identified in the current study using a single indicator namely CV
of Max NDVI.  Figure 3.7 indicates the RAPI districts which have been flagged as priority districts by NRAA. It
may thus be safely stated that NDVI is an efficient indicator for a bunch of NRM indicators and can be effectively
used to identify agricultural vulnerability and implement necessary ameliorative measures to reduce the bio-physical
hazards to climate change.

3.6. Vulnerability in 50 districts identified for study under NICRA project

To study impact of climate change under NICRA, fifty districts were identified that were reported as vulnerable to
various climatic aberrations like drought, flood, cyclone, heat wave, cold wave, frost, hailstone, unseasonal rains,
etc. based on inputs received from the KrishiVigyan Kendra (KVK), a local agricultural extension unit  located in
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each districts  (Rama Rao et al., 2013). Based on CV of Max NDVI, these 50 districts were categorized under
various levels of agricultural vulnerability. Table 3.3 a & b indicates the list of  50 districts and their classification
under various categories of agricultural vulnerability based on NDVI variability.

According to AVHRR NDVI, out of these, 40 districts were mildly vulnerable (CV 10-20%), 9 districts were
moderately vulnerable (CV 20-30%) and one district Jodhpur was found to be severely vulnerable (CV
30-40%). According to MODIS dataset, 33 districts out of the 50 listed were mildly vulnerable, 14 moderately
vulnerable and 2 severely vulnerable i.e., Jodhpur and Kachchh in Rajasthan and Gujarat, respectively.

Districts like Nalgonda, Darbhanga, Jehanabad, Morena, Ramanathpuram and Kendrapara were identified as
mildly vulnerable using AVHRR data whereas the same were classified as moderately vulnerable through MODIS
data. Bharatpur district in Rajasthan was categorized as mildly vulnerable using MODIS data instead of  being
termed severely vulnerable based on AVHRR dataset. Kachchh along with Jodhpur district have been identified as
severely vulnerable. Figure 3.9 depicts the level of vulnerability in the 50 districts as mentioned based on study of
the AVHRR dataset. Figure 3.10 indicates the category of vulnerability based on MODIS dataset.

Fig.3.7: Rainfed Area Prioritisation Index
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Odisha Kendrapara, Bolangir, Baleshwar

Sikkim East Sikkim

Tamil Nadu Ramanathapuram, Nagapattinam, Namakkal

Telangana Nalgonda

Uttar Pradesh Baghpat, Chitrakoot, Gorakhpur, Kushinagar, Sonbhadra

Uttarakhand Tehri, Garhwal

West Bengal Maldah, Puruliya, South 24 Parganas

CV of Max NDVI (10– 20%) (9 Districts)
Gujarat Rajkot, Kachchh

Himachal Pradesh Kinnaur

Haryana Sirsa

Madhya Pradesh Guna

Maharashtra Ahmadnagar, Solapur

Rajasthan Bharatpur

Uttar Pradesh Jhansi

CV of Max NDVI (30– 40%)  (1 District)
Rajasthan Jodhpur

State District
CV of Max NDVI (< 10%) (40 Districts )

Andhra Pradesh Srikakulam,West Godavari

Assam Cachar

Bihar Darbhanga, Jehanabad, Supaul

Chhattisgarh Dantewada, Raipur

Madhya Pradesh Morena, Tikamgarh

Maharashtra Amravati

Punjab Bathinda, Faridkot, Rupnagar

Haryana Yamunanagar

Jammu & Kashmir Pulwama

Jharkhand Koderma, Palamu

Karnataka Belgaum, Tumkur

Kerala Alleppey

Mizoram Lunglei

Nagaland Phek

Table 3.3a: List of vulnerable districts based on AVHRR - NDVI
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Table 3.3b: List of vulnerable districts based on MODIS - NDVI

State District
CV of Max NDVI (< 10%) (33 Districts)

Andhra Pradesh Srikakulam, West Godavari

Assam Cachar

Bihar Supaul

Chhattisgarh Dantewada, Raipur

Kerala Alleppey

Madhya Pradesh Tikamgarh

Maharashtra Amravati

Mizoram Lunglei

Nagaland Phek

Odisha Bolangir, Baleshwar

Haryana Sirsa, Yamunanagar

Jammu & Kashmir Pulwama

Jharkhand Koderma, Palamu

Punjab Bathinda, Faridkot, Rupnagar

Rajasthan Bharatpur

Sikkim East Sikkim

Tamil Nadu Nagapattinam, Namakkal

Uttar Pradesh Baghpat, Chitrakoot, Gorakhpur, Kushinagar, Sonbhadra

West Bengal Maldah, Puruliya, South 24 Parganas

CV of Max NDVI ( 10 – 20% ) (14 Districts)
Telangana Nalgonda

Bihar Darbhanga, Jehanabad

Gujarat Rajkot

Himachal Pradesh Kinnaur

Karnataka Belgaum, Tumkur

Madhya Pradesh Guna, Morena

Maharashtra Ahmadnagar, Solapur

Odisha Kendrapara

Tamil Nadu Ramanathapuram

Uttar Pradesh Jhansi

CV of Max NDVI (30– 40%) ( 2 Districts)
Gujarat Kachchh

Rajasthan Jodhpur
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Fig. 3.9: Agricultural vulnerability in selected 50 NICRA districts based on MODIS dataset

Fig. 3.8: Agricultural vulnerability in selected 50 NICRA districts based on AVHRR dataset
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4. Study of Length-of-Crop-Growing-Period Variations to
Analyse Agricultural Vulnerability

NDVI was used as an indicator to study variations in length of crop growing period. Based on CV of  Max NDVI
and SPI trends, variations of  Length-of-Crop-Growing-Period (LGP) in various AESR across the country were
analysed. A methodology was developed to study trends in variations in LGP in both Kharif and Rabi cropping
seasons across the country. To study variations in LGP that contributes to agricultural vulnerability in a region, a
method was developed to identify Start-of-Season (SOS) and End-of-Season (EOS) of cropping season in
various AESR in India. To start with, typical NDVI (reflectance coefficient) for each AESR in Andhra Pradesh
was generated to test the methodology (White et al., 1997). Variations in LGP as a result of change in SOS or
EOS is the reason for agricultural vulnerability as cropping systems of a region are affected by it. Data on variations
in LGP could help in developing suitable package of practices for selection of crop variety and crop management
suitable for late onset or early withdrawal of  monsoon or long intermittent break in rainfall during rainy season, etc.

4.1. Methodology to estimate LGP using time-series AVHRR (15-day, 8km) and MODIS (16-day, 250m)
NDVI composite

Methodology developed for the purpose of estimating LGP using time-series NDVI data product is indicated in
Figure 4.1(a-c). Steps involved in deriving LGP from NDVI data products is as follows:

Step 1 : Download and pre-processing of relevant NDVI data composite.

Step 2 : To identify LGP, crop phenology (stage) information is required.

Step 3 : To identify crop phenology stage (Start-of-Season crop growth stage), NDVI threshold value (TV)
was identified. For this purpose, average NDVI value based on datasets of SW monsoon season.

(June-Oct months) or Kharif season and NE monsoon (Nov-March) Rabi season were estimated
for three normal rainfall years / seasons for agro-ecological sub region (AESR) under study. Analysis
of  SPI data indicated that 1986, 1991 and 1999 were normal rainfall years for whole country.
Threshold value (TV) was derived for each AESR from a mean of three values for the said year for
each AESR. Thus TV for each AESR varied based on the NDVI mean of normal years for a given
AESR.

Step 4 : Start / Onset of Season (SOS) was considered to occur when NDVI crosses the threshold value
(TV) and continues an upward trend in subsequent images. End-of Season (EOS) is identified as the
period when NDVI falls below threshold value and continues in a downward trend in subsequent
images.

Step 5 : To identify TV of SOS for Kharif season, 15-day NDVI composite from June to October for three
normal year were extracted, stacked and imported into ERDAS Imagine software.

Step 6 : EOS of Kharif cropping season was identified as the period when NDVI value fell below TV and
showed a continuous declining trend.

Step 7 : Due to availability of NDVI data product as 15-day composite, only Kharif season data (10 in
number / year) were stacked and a pixel-wise sum of NDVI was derived. This value was multiplied
with 15 (number of days of  NDVI composite) to derive LGP in number of days.

Step 8 : This process was applied for images of Kharif season obtained from 1982 to 2006 period to study
variations in LGP, SOS and EOS at regional level viz., AESR in India using AVHRR data.

Step 9 : Variations in LGP in various AESR was thus identified and mapped.

Step 10 : This information was used further to develop typology of agricultural vulnerability in India.

Figures 4.3 and 4.4 indicate the manner in which SOS and EOS were determined for  this study.
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Fig. 4.1a: Determining LGP using NDVI data with digital interpretation software viz.,
ERDAS-Imagine
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Fig. 4.1c: Deriving LGP in number of days

Fig. 4.1b: Determining Threshold Value of LGP for each AESR
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Fig. 4.3: Illustration to derive Threshold Value to estimate SOS and EOS of
LGP using normal year NDVI

Fig. 4.4: Illustration to derive Threshold-Value to estimate SOS and EOS during rainfall variability

Fig. 4.2: Methodology to estimate LGP using time-series AVHRR (15-day, 8km) and
MODIS (16–day, 250 m) NDVI datasets
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4.2. LGP variations at AESR – level

Study indicated that LGP varied across various AESR in India as indicated in Figure 4.5.To analyze pattern of
LGP prevalent in rainfed regions in India, it was classified into 4 categories depending on the AESR niches and
crops grown therein. The LGP classes identified in rainfed regions in India were as follows: <60 days, 60-90,
90-120 and 120-150 days. In irrigated areas LGP of 150-180 and 180-210 days are also seen due to availability
of assured source of irrigation that extends the duration of LGP duration. In regions with LGP <60 days, only grass
and xerophytes grow. Agriculture is restricted to cultivation of  fodder, pearl millet and cluster bean as is prevalent
in arid western Rajasthan, arid parts of Gujarat and in the arid region in Deccan plateau.

Fig. 4.5: LGP trend in India

Under LGP class of 60-90 days, oilseeds and pulses are majorly grown. In LGP category of 90-120 days, paddy,
chillies and maize are grown. Under LGP class of 120-150 days, most of the crops are grown in India. Crops and
cropping systems prevalent in the rainfed regions have been indicated and discussed at length in Chapter 5 where
a typology of agricultural vulnerability has been attempted. Extent of area under <60 days of  LGP was least in the
year 1999 which was a normal rainfall year; the spatial extent under this category then was 7.80 mha. In 1991 also
a normal rainfall year, the spatial extent under this category was highest i.e., 29.82 mha. Under LGP class of
60-90 days, over 21.17 mha was recorded as least during the 2006 - a flood year while maximum area of
49.66 mha was recorded in 1985 which was a drought year (NDMC, 2014). Spatial extent under LGP category
of 90-120 days was least in 1991 when it was recorded as 35.85 mha during a normal rainfall year while the
maximum extent of 72.93 mha was recorded in 2003 which was a drought year. Area under 120-150 days of
LGP was least in 1985 when it was 30.29 mha and highest in 2006 a flood year when it was over 76.08 mha.
Coefficient of  Variation (CV) of  LGP during the period 1982-2006 indicated that CV for LGP class of <60 days
was highest at 43%. CV of other LGP classes was as follows:  LGP 60-90 days had a CV of 22%, CV of  LGP
class of  90-120 days was least at 15.8% while for LGP class of 120-150 days it was 24.9% (Figure 4.5).

Table 4.1 indicates the normal LGP in various vulnerable AESR in India. It ranged from <60 days to 60-90,
90-120 and 120-150 days across the country. Trend analys is was performed to assess variability in various LGP
classes and it was seen that area under <60 days (1.6 mha) of  LGP showed a declining trend. Spatial extent under
LGP classes 60-90 days (3.5 mha) and 90-120 days (4.91 mha) seemed stable while area under 120-150 days
(4.6 mha) showed an increasing trend. Figure 4.6 (a-e) indicates variations in LGP during Kharif season
(1982-2006) using AVHRR-NDVI data. Similarly LGP variations in Rabi season were analyzed for the same time
period (Figure 4.7 a-d). Variations in Kharif  LGP using MODIS dataset for 2001-2006 period is indicated in
Figure 4.8a and for 2007-2012 is indicated in Figure 4.8 b. LGP variations in Rabi season using MODIS dataset
is indicated in Figures 4.9a and 4.9b.
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Table 4.1: LGP variations in Vulnerable AESR

S. No AESR No Geographical Bio-climate LGP in days
Area (mha)

1 2.1 12.37 Hot hyper arid <60

2 2.2 2.08 Hot hyper arid <60

3 2.3 11.81 Hot typic arid 60-90

4 2.4 6.26 Hot arid 60-90

5 3 4.91 Hot arid 60-90

6 4.1 11.88 Hot semi-arid 90-120

7 4.2 7.68 Hot dry semi-arid 90-120

8 4.3 6.98 Moist semi-arid 120-150

9 4.4 5.99 Hot moist semi-arid 120-150

10 5.1 1.60 Hot dry semi-arid 90-120

11 5.2 14.09 Hot moist semi-arid 120-150

12 5.3 1.18 Hot moist semi-arid 120-150

13 6.1 7.61 Hot dry semi-arid 90-120

14 6.2 12.61 Hot moist semi-arid 120-150

15 6.3 5.41 Hot moist semi-arid 120-150

16 6.4 5.44 Hot dry sub-humid 150-180

17 7.1 3.95 Hot dry semi-arid 90-120

18 7.2 9.28 Hot moist semi-arid 120-150

19 7.3 3.42 Hot moist semi-arid / dry sub-humid 150-180

20 8.1 3.74 Hot dry semi-arid 90-120

21 8.2 6.53 Hot moist semi-arid 120-150

22 8.3 8.81 Hot moist semi-arid 120-150

23 9.2 8.32 Hot dry sub-humid 150-180

24 10.1 0.08 Hot dry sub-humid 150-180

25 10.2 2.81 Hot dry sub-humid 150-180

26 10.3 5.81 Hot dry sub-humid 150-180

27 10.4 5.61 Hot moist sub-humid 180-210

28 11 14.13 Hot moist / dry sub-humid transitional 150-180

29 12.1 17.97 Hot moist sub-humid 180-210

30 18.2 0.01 Hot moist semi-arid 120-150
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Fig. 4.6a: Variations in Kharif  LGP derived from AVHRR-NDVI dataset (1982-1987)
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Fig. 4.6b: Variations in Kharif  LGP based on AVHRR-NDVI dataset (1988-1993)
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Fig. 4.6c: Variations in Kharif  LGP based on AVHRR-NDVI dataset (1994-1999)
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Fig. 4.6d: Study of LGP variations during Kharif  season 2000-2005.
A decline in NDVI is evident from images of  2002-2003, when India faced severe drought.
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Fig. 4.7a: Variations in Rabi season LGP derived from AVHRR-NDVI dataset (1982-1985)

Fig. 4.6e: Variations in Kharif  LGP derived from AVHRR-NDVI dataset (2006)
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Fig. 4.7b: Variations in Rabi season LGP derived from AVHRR-NDVI dataset (1986-1991)



53

Fig. 4.7c: Variations in Rabi season LGP based on AVHRR-NDVI dataset (1992-1997)
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Fig.4.7d: LGP variations during Rabi season (1998-2003)
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Fig.4.8a: Variations in Kharif  LGP based on MODIS-NDVI dataset (2001-2004)

Fig.4.7e: Variations in Rabi season LGP derived from AVHRR-NDVI (2004-2005)



56

Fig.4.8b: Variations in Kharif  LGP during drought based on MODIS-NDVI
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Fig.4.9a: Variations in Rabi season LGP based on MODIS-NDVI (2001-2004)

Fig.4.8c: Variations in Kharif  LGP based on MODIS-NDVI (2011-2012)
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Fig.4.9b: Variations in Rabi season LGP based on MODIS-NDVI 2005-2010.
Impact of flood during 2007-2010 is evident.
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Fig.4.9c: Variations in Rabi LGP based on MODIS-NDVI data (2011). Impact of flood is evident.

4.3. Analyzing trend in LGP using Mann-Kendall

Variations identified in LGP during Kharif and Rabi seasons using both datasets as presented in Section 4.2 and
depicted in Figures 4.6 - 4.9 necessitated statistical analysis. Mann-Kendall Test is a statistical test widely used for
analyzing trends in climatologic and hydrologic time-series data. There are two stated advantages of using this test.
First, it is a non- parametric test and does not require the data to be normally distributed. Second, the test has low
sensitivity to abrupt breaks due to in homogeneous time-series data. Any data reported as non-detects are included
by assigning them a common value that is smaller than the smallest measured value in the dataset. According to this
test, the null hypothesis (H0) assumes that there is no trend (the data is independent and randomly ordered) and
this is tested against the alternative hypothesis (H1), which assumes that there is a trend. Computer program of
Helsel et al (2006) was used to perform Mann-Kendall Test to analyze the trend in LGP as derived from AVHRR
and MODIS-NDVI time-series datasets.

Out of 57 AESR excluding J&K, LGP showed an increasing (positive) trend in 17 AESR regions with 1% significance
while in eight AESR regions the increase was significant at 5% level. In 32 AESR, there was no significant trend.
However 13 of these 32 AESR regions, recorded declining trend in LGP as indicated in Table 4.2 and illustrated
in Figure 4.10.

Fig.4.10: S-Value based on Mann-Kendall Test
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Table 4.2: Significance of LGP trend in different AESR using Mann-Kendall Test

S. No AESR No. S value Z value P value Significance
1 2.1 53 0.884 0.3765  -
2 2.2 222 3.796 0.0001
3 2.3 -19 -0.308 0.7582  -
4 2.4 191 3.233 0.0012
5 3 54 0.901 0.3676  -
6 4.1 -94 -1.581 0.1139  -
7 4.2 24 0.391 0.6958  -
8 4.3 -80 -1.343 0.1793  -
9 4.4 125 2.108 0.0351
10 5.1 23 0.374 0.7083  -
11 5.2 74 1.241 0.2145  -
12 5.3 -18 -0.276 0.7827  -
13 6.1 186 3.145 0.0017
14 6.2 96 1.615 0.1063  -
15 6.3 107 1.802 0.0715  -
16 6.4 249 4.216 0.0000
17 7.1 154 2.602 0.0093
18 7.2 173 2.924 0.0035
19 7.3 -23 -0.374 0.7085  -
20 8.1 247 4.182 0.0000
21 8.2 249 4.215 0.0000
22 8.3 237 4.014 0.0001
23 9.1 -31 -0.487 0.6266  -
24 9.2 -60 -1.003 0.3159  -
25 10.1 166 2.805 0.0050
26 10.2 181 3.061 0.0022
27 10.3 199 3.369 0.0008
28 10.4 168 2.840 0.0045
29 11 233 3.943 0.0001
30 12.1 208 3.520 0.0004
31 12.2 152 2.568 0.0102
32 12.3 199 3.366 0.0008
33 13.1 -53 -0.884 0.3765  -
34 13.2 5 0.068 0.9458  -
35 14.1 105 1.813 0.0699  -
36 14.2 161 2.721 0.0065
37 14.3 91 1.532 0.1255  -
38 14.4 107 2.474 0.0134
39 14.5 98 1.650 0.0990  -
40 15.1 -74 -1.241 0.2146  -
41 15.2 40 0.663 0.5074  -
42 15.3 8 0.119 0.9053  -
43 15.4 -3 -0.034 0.9729  -
44 16.1 37 0.612 0.5402  -
45 16.2 70 1.186 0.2354  -
46 16.3 2 0.017 0.9864  -
47 16.4 87 1.486 0.1372  -
48 17.1 124 2.127 0.0334
49 17.2 82 1.398 0.1622  -
50 18.1 136 2.320 0.0203
51 18.2 -41 -0.680 0.4965  -
52 18.3 61 1.020 0.3078  -
53 18.4 -76 -1.275 0.2022  -
54 18.5 -43 -0.714 0.4752  -
55 19.1 140 2.364 0.0181
56 19.2 124 2.091 0.0365

57 19.3 136 2.295 0.0217
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4.4. LGP variations in agriculturally vulnerable AESR in India

LGP variations were analysed in AESR encompassing vulnerable regions identified in the study. The states where
agriculture has been identified as vulnerable were Maharashtra, Tamil Nadu, Telangana and Andhra Pradesh,
Rajasthan, Gujarat, Karnataka, Bihar, Madhya Pradesh  and Uttar Pradesh. Variations in LGP in each AESR in
the above-mentioned states was analysed for both seasons - Kharif and Rabi and are indicated in Figure 4.11 and
Figure 4.12.

Fig. 4.11: Trend in seasonal LGP in AESR in Peninsular India
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Fig.4.12: Variations in seasonal LGP in western, central and northern India

4.4.1. Trend in variations in LGP

To understand variations in LGP, it was essential to analyse the prevalent bio-climate and variations therein. Based
on AVHRR datasets, bio-climate of vulnerable AESR was identified as indicated in Figure 4.13a. In Figure 4.13b
the trend in change in lower limit of  LGP across the vulnerable AESR is indicated. It may be seen that in arid AESR
viz., western Rajasthan, Kachchh in western Gujarat and in Anantapur in Peninsular India, there was no change in
lower limit of  LGP which denotes least number of days available for crop growth in an AESR. However, there was
a decline in lower limit of LGP in sub-humid rain shadow AESR region located in Maharashtra and Karnataka
besides in Nellore-Prakasam region in Andhra Pradesh and in Madhya Pradesh and Chhattisgarh in central India.
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Fig. 4.13a: Bio-climate in identified vulnerable AESR

Figure 4.13c indicates the overall trend in LGP based on AVHRR data (1982-2006). It indicates that in arid
Jaisalmer region, there was no change in LGP while in semi-arid western Rajasthan and arid Anantapur region,
there was an increase in LGP while in rest of  India, there was a decrease in LGP which augurs hardship to farmers
in these regions. Figure 4.13d indicates variations in upper-limit of LGP in the above-mentioned AESR. Sharp
decrease in upper limt of LGP was noticed in prime agricultural belts in Madhya Pradesh, Maharashtra and
Telangana that augurs setback to agriculture in these regions.

Analysis of MODIS dataset indicated a larger extent of agriculturally vulnerable region in India presumably due to
a comparatively better ground resolution of it’s sensor viz., 250m compared to 8km of AVHRR.This improvement
in ground resolution of  NDVI data product enabled a precise analysis and an accurate estimation of  extent of
vulnerable regions in India. Figure 4.14a indicates the bio-climate in vulnerable AESR in India as identified using
MODIS dataset. There is a dissimilarity in trend in lower limit of  LGP (Figure 4.14b) as identified using MODIS
and AVHRR datasets (Figure 4.13b).The former indicates a rise in lower limit of LGP in several AESR in central
and southern India and a decrease in others during the period 2001-2012. Figure 4.14c indicates no significant
change in LGP while Figure 4.14d indicates an increase in upper limit of LGP in large parts of western India and
southern peninsula. However, a decrease in upper limit of  LGP in central India has been recorded.

It is essential to note that the trends indicated by AVHRR (1982-2006) and MODIS (2001-2012) dataset were
dissimilar presumably due to variations in sensor resolution, its properties and the timeframe of availability of  both
datasets. Hence it may be essential to continue the study using recent MODIS datasets to understand the trend
more accurately.
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Fig. 4.13b: Change in lower-limit of LGP in vulnerable AESR

Fig. 4.13c: Trend in variations in LGP
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Fig. 4.13d: Trend in variations in upper-limit of LGP

Fig. 4.14a: Existing bio-climate in vulnerable districts
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Fig. 4.14b: Variations in lower-limit of LGP based on MODIS dataset

Fig. 4.14c: Variations in LGP based on MODIS dataset
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Fig. 4.14d: Variations in upper-limit of LGP and trend based on MODIS dataset

4.5. Trend in LGP in various AESR in Andhra Pradesh & Telangana (1982-2006) - A case study

In Andhra Pradesh & Telangana, LGP ranged from <60 days in southwest and central region covering Anantapur,
Cuddapah, Kurnool, Chittoor, Mahbubnagar and Nalgonda districts in the state to over 150 days in northern and
coastal districts of Andhra Pradesh. Figure 4.15 indicates the temporal trend in LGP in various AESR in erstwhile
Andhra Pradesh including the new state of  Telangana since 1982.

4.5.1. Analysis of LGP in various AESR

LGP in various AESR in Telangana and Andhra Pradesh is indicated in Figure 4.15. Analysis indicated that there
was high variability in LGP in case of Anantapur district located in AESR 3.0 and in Nellore district in AESR 18.3.
Variability was least in case of Srikakulam district located in AESR 18.4 and in Warangal in AESR 7.2. It is
interesting to note that while Anantapur and Nellore are located at roughly similar latitude at two southern extremes
of erstwhile state of Andhra Pradesh, Srikakulam and Warangal are also similarly located at two extremes at
similar latitude in the northern part of  Telangana and Andhra Pradesh.
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Fig. 4.15a: LGP variations in various AESR in Telangana & Andhra Pradesh (1982 –1987)
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Fig. 4.15b: LGP variations in various AESR in Telangana & Andhra Pradesh (1988–1993)
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Fig. 4.15c: LGP variations at AESR-level in Telangana & Andhra Pradesh (1994–1999)
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Fig. 4.15d: LGP variations in various AESR in Telangana & Andhra Pradesh (2000–2005)
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Fig.4.15e: LGP variations at AESR- level in Telangana & Andhra Pradesh (2006)

4.5.2. Trend in LGP in Telangana and Andhra Pradesh

LGP in various AESR in Telangana and Andhra Pradesh ranged from <60 days to 60-90, 90-120 and 120-150
days. Trend analysis was performed to assess variability in various LGP classes and it was seen that area under
<60 days LGP showed a declining trend. Spatial extent under classes 60-90 and 90-120 days seemed stable
while that of 120-150 days showed an increasing trend. Table 4.3 indicates Mann-Kendall Test carried out to
understand trends in LGP in various AESR in the twin states of  Telangana and Andhra Pradesh.

Table 4.3: Mann-Kendall Test for analyzing variations in LGP

AESR S value Z value P value Significance
3 54 0.901 0.3676  -

7.1 154 2.602 0.0093

7.2 173 2.924 0.0035

7.3 -23 -0.374 0.7085  -

8.3 237 4.014 0.0001

12.2 152 2.568 0.0102

18.2 -41 -0.68 0.4965  -

18.3 61 1.20 0.3078  -

Figure 4.16 indicates the variations in LGP in Telangana and Andhra Pradesh. LGP has changed over a period of
time in both states. The result derived from Mann-Kendall Test showed that among the 9 AESR within the two
states, three AESR viz., 7.3, 18.2 and 18.4 recorded a decreasing trend in LGP while the others registered an
increasing trend. There were no distinct variations in the two states of  Telangana and Andhra Pradesh.Variability
was seen to be high in regions having LGP of <60 days and those with 120-150 days of LGP. However variability
was lower in 60-90 and least in 90-120 day LGP zones in both states.
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Fig.4.16: Variations in LGP in AESR in Telangana and Andhra Pradesh

Erstwhile Andhra Pradesh comprised of eight AESR and study indicated a decline in LGP in AESR 3.0 covering
arid region in Anantapur, 7.1 covering parts of Kurnool and Cuddapah, 7.2 covering a major portion of  Telangana,
8.3 covering Chittoor district, 12.2 and 18.3 covering northern coastal and southern coastal plains of Andhra
Pradesh, respectively. Study of  LGP in former Andhra Pradesh in AESR 3.0, 7.1, 7.2, 8.3, 12.2 and 18.3
showed an increasing trend while area under AESR 7.3 and 18.2 indicated a decrease in extent as in case of
Prakasam and Nellore districts. Prakasam district currently in Andhra Pradesh, is covered under AESR 7.3 and
18.3 and has over 55% area under agriculture. Major crops cultivated in the district are chickpea (0.153 mha) and
paddy (0.128 mha). Based on Crop Contingency Plan drawn by CRIDA, it was observed that cotton, rice,
pigeon pea and castor crops were vulnerable. Nellore, another important agricultural district in the state had 50%
area under agriculture of  which 0.256 mha was under paddy cultivation. Study indicated that paddy, black gram,
groundnut and sunflower were vulnerable to climate change. The district was also vulnerable due to a large
buffalo / livestock population.

Nalgonda district is located in Telangana state and is largely encompassed by AESR 7.2. The district has over
78% area under agriculture which is predominantly under cultivation of  paddy (0.314 mha) and cotton (0.106
mha). Study indicated that paddy, cotton and greengram cultivated there were vulnerable to climate change and
the presence of large milch and buffalo population could aggravate the economic hardship to farmers in the event
of climate change. In Mahbubnagar in Telangana covered under AESR 7.2, over 72% area was under agriculture
which was mostly maize (0.393 mha). In the event of climate change, a decrease in LGP would adversely affect
cultivation of paddy, pigeon pea and maize. The presence of large bovines - cow and buffalo could face fodder
scarcity. In Kurnool district the rice bowl of India, located in AESR 7.1 with 66% area under chickpea (0.24 mha)
and groundnut (0.224 mha), the crops vulnerable have been identified as groundnut, sunflower and cotton. Cattle
and poultry dominating the agriculture and livestock husbandry may also be adversely affected due to climate
change. Cuddapah district with 44% area under agriculture falls under AESR 7.1 and is a large producer of
groundnut with over 0.141 mha of  land under it. Livestock and poultry may be adversely affected due to climate
change.

In conclusion it may be stated that the resolution of pixel in both datasets - AVHRR and MODIS affected the
identification of  SOS and EOS of  LGP. For e.g., while AVHRR dataset indicated an LGP of 135 days for a
region, the MODIS dataset indicated a LGP of  160 days. It was observed that during Kharif  season in AESR
4.3 region covering Ganga -Yamuna Plains in central Uttar Pradesh, there was an increase in LGP from 100 to 140
days due to presence of irrigation sources that resulted in an anomaly in NDVI. In AESR 4.4 (central India
Plateau), 8.2 (central Karnataka), 8.3 (Tamil Nadu Uplands) and 13.1(northern Bihar), there was an increase in
LGP from 90 to 120 days. It is essential to note that the trends indicated by AVHRR (1982-2006) and MODIS
(2001-2012) dataset were dissimilar. While AVHRR dataset which is available for a 26-year period, MODIS
dataset is available only since 2001and hence the dissimilarity in ground resolution and time-period of dataset, may
have played a major role in the variations in estimation of  LGP in study area. However, it may be necessary to
continue the study using MODIS data during the current decade in order to understand trends in variations in
datasets to draw a definitive conclusion.
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5. Typology of Agriculturally Vulnerable Districts in India

Study of trend in variations in Max NDVI and in LGP across India necessitated an understanding of  typology of
agricultural vulnerability. According to MODIS dataset, over 122 districts covering a geographical area of  110
mha in 26 agro-ecological sub-regions (AESR) in 12 states in the country have over 46.3 mha out of 74.76 mha
Net Sown Area as vulnerable to climate change. According to AVHRR dataset with a coarser resolution, 87
districts with a geographical area of 83.96 mha have 29.44 mha of their total Net Sown Area of 58.26 mha as
vulnerable to climate change. The AVHRR estimate is lesser compared to that obtained from MODIS dataset due
to its coarse resolution i.e., 8 km pixel against 250m of  the latter which leads to more mixed pixels that are difficult
to classify resulting in a conservative estimate of agricultural land as vulnerable viz., 29.44 mha compared to
46.3 mha estimated from MODIS dataset. Not with standing the technical basis for variations in estimate of
vulnerable agricultural area in the country, it may be noted that over 20.4 to 33.1 per cent of  Net Sown Area of
the country out of a total of 141.6 mha (DOA, 2014) is vulnerable to climate change.

To understand the type of vulnerability faced by agriculture in these districts, the vulnerable areas were classified
and grouped based on several parameters which facilitated development of  typologies that could form the basis
for developing strategies for adaptation and mitigation of agricultural vulnerability in the country. The basis for
classifying the vulnerable districts in various typologies was as follows:

1. Based on actual area under agriculture in each vulnerable district - This analysis indicates the relative
importance of agricultural enterprise in a given vulnerable district that would help in determining the manner in
which adaptation or mitigation activity could be prioritized when compared to other districts in the country
(ICRISAT, 2003). Geo-statistical tool was used to estimate the spatial extent of various types of  typology
under this category. Details of this analysis are indicated in Annexure 1.

2. Based on bio-climate of the district - As requirement of agriculture in various bio-climates, viz., arid,
semi-arid, sub-humid or humid are markedly different from one another; typology of agricultural vulnerability
based on bio-climate could help in identifying typical strategies that could be recommended for districts with
similar vulnerability profile dictated by prevalent bio-climate. Details of this analysis have been indicated in
Annexure 2.

3. Based on normal LGP estimated based on agro-meteorological parameters - LGP and variations there
in lend vulnerability to agriculture. Normal LGP identified through use of climatic parameters was used to
develop a normal standard typology of rainfed agriculture in India. Variations in LGP as a result of climate
change over a period of  time were analyzed in comparison with the normal standard agricultural typology.
Normal LGP was determined by using FAO model (FAO, 1983; Higgins and Kassam, 1981) where growing
period is considered to start when Precipitation (P) exceeds 0.5 of  Potential Evapo-Transpiration (PET) and
ends with utilization of assumed quantum of  Stored Soil Moisture (100mm) after P falls below PET. The
model assumes a threshold temperature of 50C and the period is calculated in days. This model was used by
National Bureau for Soil Survey & Land Use Planning (NBSS & LUP), an ICAR institute located at Nagpur,
entrusted with delineation of  India into various agro-eco-sub-regions (AESR) (Velayutham et al., 1999).
Details of this typology are enclosed in Annexure 3.

4. Based on LGP derived from NDVI estimated from AVHRR and MODIS datasets - Variations in LGP
estimated through changes in NDVI obtained from AVHRR and MODIS NDVI datasets were compared
with normal LGP identified at AESR- level using FAO model as referred to earlier. Time-series NDVI datasets
helped to identify variations in LGP resulting in typical typology niches within the vulnerable districts. Annexure
4 indicates the agricultural typology derived from analysis of AVHRR NDVI dataset while  Annexure 5
indicates the typology obtained from analysis of  MODIS NDVI dataset.

5. Based on major cropping systems across vulnerable districts - Prevalent cropping systems in the identified
vulnerable districts were analyzed and typologies were developed to identify which crops were vulnerable to
climate change and what could be its impact on the people living in those districts and on the economy at
large. The details of this analysis have been indicated in Annexure 6. Impact on livestock component which
is an integral part of rainfed agriculture was also analyzed as fodder availability could be adversely affected
due to occurrence of extreme events as a result of climate change (Annexure 7).
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5.1. Typologies of agricultural vulnerability

In semi-arid region, 15 AESR in 9 states encompassing 80 districts with 43.79 mha was vulnerable to climate
change. Sixteen crops consisting of cereals, pulses, oilseeds and cash crops like sugarcane and cotton are grown
in this region that has an LGP of  90-180 days. However, NDVI analysis indicates a reduction in lower limit of
LGP to 60 days instead of 90 and a reduction of upper limit of LGP to 140-160 days instead of 180 days
according to normal LGP. This reduction in total length of cropping season would affect crops like sugarcane,
wheat, maize and cotton in addition to the 2nd / 3rd crop of paddy and soybean, groundnut and sunflower besides
pulses like black gram and pigeon pea. The region is also dominated by cattle and buffaloes although small ruminants
and poultry are also important part of  the agricultural economy in the region.

In dry sub-humid region, 4 AESR covering 5 states and 10 districts therein encompassing 4.27 mha with an LGP
of 150-180 days were seen to be vulnerable. Dominant crops in the region were paddy, maize, soybean, wheat,
black gram and green gram besides coriander, sugarcane and cotton. Study indicated a reduction in lower limit of
LGP to 100-120 days which could adversely impact cultivation of sugarcane, maize, soybean and paddy. The
region is also dominated by large cattle population that may be vulnerable to climate change. In the moist
sub-humid region, 2 AESR of Central Indian Highlands in the states of  Madhya Pradesh and Chhattisgarh covering
over 0.74 mha where paddy and maize are cultivated under a normal LGP of  150-210 days, may be faced with
a reduction in LGP. Rearing of  large cattle and poultry farming in the region will be adversely affected by climate
change.

Typology of  farming enterprise in vulnerable districts is indicated in Table 5.2. While Rajasthan and Gujarat have
large area under arid and semi-arid climate covering 50 districts, cotton and groundnut besides wheat and paddy
that were cultivated in semi-arid parts of Gujarat were vulnerable to climate change. Failure of monsoon resulting
in a reduction in LGP could adversely affect even cultivation of pearl millet. In Rajasthan the crops that were
vulnerable were sorghum, black gram, maize, soybean and pearl millet grown in the semi-arid tract as study
indicated a decrease in LGP in these regions contrary to an increase in arid regions in both states. If  Gujarat was
dominated by large cattle, Rajasthan had numerous small ruminants which could tide over climatic hazard more
efficiently when compared to the former. Arid region in Anantapur in Andhra Pradesh and four districts of
Karnataka - Koppal, Tumkur, Bagalkot and Chitradurga, may experience longer LGP that could benefit crop
yield. In the semi-arid region paddy may be adversely affected in Andhra Pradesh and in Telangana. In Karnataka
paddy, groundnut and pigeon pea may be vulnerable to climate change.

In Madhya Pradesh, semi-arid climate extends in over 20 districts where cotton, soybean, mustard, maize and
wheat are cultivated. NDVI analysis indicates an increase in LGP which may be beneficial for these crops. However,
drought occurrence could adversely impact them. In hot dry and moist sub-humid areas in the state especially in
the districts of Guna and Seoni where soybean and paddy are cultivated respectively, there may not be any drastic
change in LGP that could impact the cultivation of these crops.

LGP derived from AVHRR NDVI dataset (1982-2006) indicate a slight reduction in it’s duration in the semi-arid
tract of Maharashtra extending over 20 districts. However, MODIS data available only for the past decade
(2001-2012) indicates no such change in LGP. Due to this contradictory trend, it may be difficult to conclusively
state whether cotton cultivation would be adversely affected in the state of Maharashtra which is a cause of much
concern to the farmers in Vidharbha region in the state and to the policy-makers at the capital.

In the hot dry sub-humid districts in Bihar encompassing Gaya, Jehanabad and Nawada where paddy is cultivated,
AVHRR dataset indicates a decline in LGP but the MODIS dataset indicates no significant change. A similar trend
was seen in two districts of Chhattisgarh namely, Durg and Kawardha besides Nabarangpur district in Odisha
where paddy is cultivated and cattle are reared. A longer time-series dataset of  MODIS NDVI or a 1-km
interpolated dataset of  NOAA-AVHRR NDVI dataset for a 30-year period may help to draw a better conclusion
of the type of vulnerability prevalent in these districts. Similarly in three semi-arid districts in Tamil Nadu - Erode,
Sivaganga and Tirunelveli, only AVHRR data indicated a decline in LGP that could adversely impact sugarcane
and groundnut crops. In Uttar Pradesh in the semi-arid districts of  Hamirpur, Mahoba and Jhansi, LGP indicated
a declining trend.
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Table 5.2: Typology of farming systems in vulnerable districts in India

Climate State 

&Vulnerable 

districts

Area under 

Agri. (mha) 

(Bhuvan 

NRSC*, 

2005-06)

 Livestock 

(Census 2007*)

 Vulnerable 

Crop 

(CRIDA*)

Bio-climate

 LGP 

(NBSS 

& LUP, 

1999*)

LGP 

(AVHRR 

- NDVI)

LGP 

(MODIS 

- NDVI)

LGP 

(AICR 

PAM)

Arid Andhra Pradesh 1.384 Small Ruminants/

Poultry

 

groundnut

 

60-90 80-140

 

 

 

100-150

 

 

 

NA

 

 

 

 

 

Anantapur

Semi-arid 

 

 

 

 

 

Cuddapah 0.681 90-120

 Kurnool 1.157 Poultry black gram

Prakasam 0.968 Small Ruminants/

Buffalo

150-180

Nellore 0.651 Small Ruminants/

Poultry

 paddy  120-150

Telangana 1.320 black gram 150-180

Mahbubnagar

Nalgonda 1.110 paddy

Hot dry sub-humid

 

 

 

Bihar 0.361 Cattle/Poultry paddy

 

 

150-180

 

 

80-140

 

 

150-180

 

 

130-110

Gaya

Jehanabad 0.143 Buffalo/Poultry NA

 Nawada 0.172 Cattle/Poultry

Chhattisgarh

Durg 0.645 Cattle

 

paddy

 

150-180 80-140 150-200 NA

 Hot moist sub-

humid

Kawardha 0.226  180-210 140-180 150-180

Arid

 

 

Gujarat 1.088 Cattle

 

 

 

groundnut

 

 

 

60-90 80-140

 

 

 

 

100-150

 

 

 

 

 

 

 

NA

 

 
Jamnagar

Junagadh 0.596 120-150

Rajkot 0.916 60-90

Semi-arid Amreli 0.553 90-120 100-200

Arid

 

 

 

Porbandar 0.178 Buffalo 60-90 NA

 

 
Kachchh 1.180 Small Ruminants pearl millet  <60 40-80

Mahesana 0.298 Buffalo

 

 

 

 60-90

 

80-140

 

 

 

 

 

 

 

 

 

 

 

Banas Kantha 1.039 50-120

Semi-arid Gandhinagar 0.056 90-120 NA

 

 
Arid

 

Patan 0.495 cotton

 

 

 

 

60-90

 Surendranagar 0.876 Cattle

Semi-arid 

 

 

 

 

 

 

Bhavnagar 0.802 Poultry 90-120 100-200

Vadodara 0.619 Cattle/Poultry  120-150 NA

Ahmadabad 0.737 Buffalo/Poultry  90-120 100-200

Dahod 0.251 Cattle/Poultry

 

 

maize

 

 

 120-150

 

NA

 

 
Panch Mahals 0.420

SabarKantha 0.544  90-120

 Anand 0.256 Poultry paddy 100-200

Arid

 

 

Karnataka 0.520 Small Ruminants/

Poultry

 

 

sorghum 60-90

 

 

80-140

 

 

 

 

100-150

 

 

 

 

50-120

 

 
Bagalkot

Chitradurga 0.638 groundnut

Koppal 0.595

 Semi-arid Bijapur 0.977 Cattle/Small 

Ruminants

 

120-150 NA

Arid Tumkur 0.858 60-90 50-120
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Semi-arid 

 

 

 

 

 

 

 

Bangalore -Rural 0.414   

 

120-150 140-180  

 

 

 

 

NA

Kolar 0.614 Cattle/

Poultry

80-140

 

 

100-200

 

 

 
Raichur 0.598 Small Ruminants/

Poultry

 

paddy

 

 

 

 

90-120

 Bellary 0.606

Chikmagalur 0.386  120-150

 

140-180

Hassan 0.489 Cattle/

Poultry

 

 

 

 

100-140

 

120-150 NA

 Mandya 0.394 100-150

 Gulbarga 1.440 pigeon pea 80-140 100-200

Hot dry sub-humid Haveri 0.403 maize

 

 

150-180 140-180

 

 

 

 

150-180 130-110

 Semi-arid Davanagere 0.455  120-150 100-150 100-200

Hot dry sub-humid

 

 

Belgaum 1.051 Small Ruminants/

Poultry

 150-180

 

 

150-180

 

 

130-110

 

 Dharwad 0.359 Buffalo/

Poultry

cotton

Gadag 0.413 Cattle/Small 

Ruminants

green gram

Semi-arid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Madhya Pradesh 0.291 Cattle/

Poultry

cotton 120-150

 

80-140

 

 

 

 

 

 

 

 

 

 

 

100-150

 

 

 

 

 

 

 

 

 

 

 

 

100-200

 

 

 

 

 

 

 

 

 

 

 

 

Barwani

Bhind 0.377 Buffalo

 

 

 rapeseed 

mustard

 Morena 0.311  90-120

Datia 0.170 wheat

 

 120-150

 

 

 

 

Gwalior 0.293 Buffalo/

Small Ruminants

Jhabua 0.477 Cattle/Poultry maize

Mandsaur 0.417 Cattle/Small 

Ruminants

soybean

 

 

 

 

 

 

 

 

 

 

 

 

Dhar 0.617 Cattle/Poultry

 

 

 

East Nimar 0.413

Indore 0.273

Neemuch 0.217  90-120

Ratlam 0.382 Cattle/Small 

Ruminants

 120-150

 

 

 

 

 

Sagar 0.619 Cattle/Buffalo

 

 

 

140-180

Shajapur 0.515 80-140

 

NA

 Shivpuri 0.566

Ujjain 0.529 100-130 100-200

 

 

 

West Nimar 0.491 Cattle/Poultry 80-140

 

 
Dewas 0.443 Buffalo

 
Rajgarh 0.511

Hot dry sub-humid Guna 0.398 Cattle/

Poultry

150-180 140-180

 

150-180

 

130-110

Hot moist sub-

humid

Seoni 0.522 Cattle/

Poultry

paddy  180-210 NA

Semi-arid Sheopur 0.214 Cattle no 

agriculture

90-120 80-140 100-150 100-200

Semi-arid 

 

Maharashtra 0.528 Cattle/

Poultry

cotton

 

120-150

 

80-140

 

100-150

 

100-200

 Dhule

Jalgaon 0.886 Cattle/Small 

Ruminants
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Jalna 0.588 Cattle/Small 

Ruminants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Aurangabad 0.835 Cattle/Poultry

 Nandurbar 0.296

Nasik 1.058 Cattle/Poultry pearl millet 80-140

 

 

 

100-150

 

 

 

 

 

 

100-200

 

 

 

 

 

Sangli 0.691 Buffalo/Poultry sorghum

 

 

 

 

 

 

90-120

 

 
Osmanabad 0.664 Cattle/

Poultry

 

 

 

 

 

Pune 0.988

Ahmednagar 1.364  120-150

Satara 0.669  90-120

 

 

140-180

Beed 0.881 80-140

 Solapur 1.309 NA

Hot dry sub-humid Odisha 0.323 Cattle maize 150-180 140-180 150-180 NA

Nabarangpur

Arid

 

 

 

 

 

 

 

 

Rajasthan 0.516 Small Ruminants/

Poultry

sorghum 60-90

Ajmer 80-140

 

 

 

 

 

 

 

 

 

 

 

100-150 50-120

 

 

 

 

 

 

Churu 1.554 Small Ruminants

 

 

 

 

 

 

 

pearl millet

 

 

 

 

 

 

 

 

 

 

 

Barmer 2.025  <60 50-100

Jalor 0.842  60-90

 

100-150

Jhunjhunun 0.475  

 

 

 

 

 

 

 

 

Jodhpur 1.667  <60

Nagaur 1.508  60-90

 

 
Pali 0.852

Sikar 0.603 NA

Semi-arid 

 

 

 

Jaipur 0.742 Small Ruminants/

Poultry

90-120

 

 

 

100-200

 

 

 
Karauli 0.256 Buffalo

 

 
Dausa 0.261

Alwar 0.575

Arid

 

 

Bikaner 1.586 Cattle/Small 

ruminants

cluster bean

 

<60

 

40-80

 

50-100

 

NA

 

 Jaisalmer 1.092 Small Ruminants

 

 

 

 

Sirohi 0.224 castor 60-90 80-140

 

 

 

 

 

 

 

100-150

 

 

 

 

 

 

 

 

Semi-arid Bundi 0.308 wheat 90-120 100-200

Arid Udaipur 0.382 maize

 

 

 

 

 

60-90 50-120

Semi-arid 

 

Bhilwara 0.607 90-120

 

 

100-200

 

 
Banswara 0.308 Cattle

 

 

 

 

 

 

 

 

 Arid Chittaurgarh 0.595

Rajsamand 0.173 60-90 50-120

Semi-arid 

 

 

 

Dungarpur 0.188 90-120 100-200

 

 

 

Baran 0.378 soybean

 

 

 120-150

 

 

140-180

 Jhalawar 0.361

Kota 0.329 80-140

 Arid

 

Hanumangarh 0.889 black gram 60-90 50-120

 Sriganganagar 0.907 mustard

 

 

 

 

<60 40-80 50-100

Semi-arid 

 

 

 

Dhaulpur 0.167 Buffalo

 

90-120

 

 

 

80-140

 

 

 

100-150

 

 

 

100-200

 

 

 

Bharatpur 0.427

SawaiMadhopur 0.324 Small Ruminants

 Tonk 0.566
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Sources: *1 NBSS&LUP, 1999
*2 www.bhuvan.nrsc.gov.in
*3 Census 2007
*4 CRIDA (Crop contigency planning)

Semi-arid 

 

 

Tamil Nadu 0.441 Cattle/

Poultry

sugarcane 120-150

 

80-140

 

 

100-150

 

 

100-200

Erode

Sivaganga 0.312 Small Ruminants/

Poultry

paddy

 

NA

 

Tirunelveli 0.442 Cattle/

Poultry

 90-120

Semi-arid 

 

 

Uttar Pradesh 0.283 Cattle pigeon pea

 

 

120-150

 

80-140

 

 

100-150

 

 

NA

 

 
Hamirpur

Jhansi 0.318 Cattle/

Poultry

Mahoba 0.220 Cattle

Total (4) 122 74.7620       
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5.1.1. Typology of vulnerability based on area under agriculture

Vulnerable districts were grouped based on area under agriculture across India. Ten districts of the 122 districts
identified as vulnerable, had 25-50% of its geographical area under agriculture indicating that agriculture was not
a primary economic activity in the district. Over 57 districts had 50-75 % area under agriculture while 55 districts
had over >75 % area under agriculture (Figure 5.1).

Fig. 5.1: Extent of Agriculture in vulnerable districts
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5.1.2. Typology based on prevalent bio-climate in the region

Study indicated that 30 vulnerable districts were located in arid region, 80 districts in semi-arid region, 10 districts
under hot dry sub-humid climate and 2 districts under hot moist sub-humid climate (Figure 5.2).

Fig. 5.2: Distribution of bio-climate across vulnerable districts in India
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5.1.3. Typology based on LGP using agro-meteorological parameters

LGP was estimated for various AESR in India based on agro-meteorological parameters using FAO model
(Velayatham et al., 1999). Vulnerable districts identified in India could be grouped under six classes based on
LGP derived in this manner. Under the LGP category of <60 days, there were 6 districts in the arid region; under
60-90 days category there were 23 districts in semi-arid region in western Rajasthan, northern Karnataka and
Rayalseema in Andhra Pradesh;  in 90-120 days category there were 34 districts in the semi-arid region in eastern
Rajasthan, western Madhya Pradesh, Marathwada and the Deccan region; under 120-150 days category there
were 46 districts in semi-arid and sub-humid transition belt extending from Rajasthan, Uttar Pradesh and Madhya
Pradesh in the north to Karnataka and Tamil Nadu in the south. LGP category of 150-180 days extended in 11
districts located in western Karnataka, Prakasam district of Andhra Pradesh, Chhattisgarh and Bihar while LGP
class of 180-210 days was prevalent in 2 districts, one in Seoni in Madhya Pradesh and Kawardha in Chhattisgarh
which have a dry moist sub-humid climate (Figure 5.3).

Fig. 5.3: Typology of vulnerable districts based on Normal LGP estimated using FAO model
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5.1.4. Typology based on LGP derived from AVHRR NDVI datasets

LGP derived from AVHRR NDVI indicated a decrease (Figure 5.4) when compared to normal LGP estimated
using FAO model as indicated in Figure 5.3. There were 7 districts under LGP class of 40-80 days, 99 under
80-140 days and 16 under 140-180 days. An overlay of  both maps in GIS environment indicated type of change
in Lower-limit and Upper-limit of  LGP. In case of change in Lower-limit of  LGP, a decrease was recorded in 92
districts mostly in Madhya Pradesh, Rajasthan and Gujarat in semi-arid tract, increase in 28 districts in Gujarat and
Rajasthan in the arid region and no change in 2 districts in arid parts of  Karnataka. In case of change in
Upper-limit of  LGP, there was a decrease in 44 districts in semi-arid parts of  Madhya Pradesh and Maharashtra,
increase in 70 districts in arid and semi-arid parts of Gujarat, Rajasthan and Karnataka and no change in 8
sub-humid districts in Karnataka.

Fig. 5.4: Typology based on LGP derived from AVHRR-NDVI data
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5.1.5. Typology based on LGP derived from MODIS NDVI datasets

LGP derived from MODIS dataset (2001-2012) as indicated in Figure 5.5 compared well with long-term LGP
estimated using FAO model (Figure 5.3) but differed from that estimated using AVHRR dataset (Figure 5.4). The
variation in ground resolution of  both datasets is a technical aspect which makes assigning mixed pixels to different
categories difficult in case of AVHRR data. The time period of both datasets is also different and hence it is
essential to study the reason for disparity among the two datasets in detail.

Analysis of LGP based on MODIS-NDVI indicated that there were 5 districts under LGP class 50-100 days in
western Rajasthan, 103 districts under 100-150 days of LGP in semi-arid belt extending from Rajasthan Plains in
north to Tamil Nadu in south and 14 districts under 150-180 days class in the semi-arid and sub-humid transition
belt in Karnataka and Telangana besides Chhattisgarh, Madhya Pradesh and Bihar. Map of normal LGP derived
from FAO model was overlaid on LGP map derived from MODIS dataset to analyze trend in change in LGP at
Lower-limit and Upper -limit. Analysis indicated that the lower-limit had decreased in 53 districts in semi-arid
parts of  Madhya Pradesh and Maharashtra and in arid region of  Rajasthan, increased in 60 districts in arid and
semi-arid parts of  Rajasthan, Gujarat and Karnataka and remained same in 9 sub-humid districts in Karnataka
and Bihar. In case of upper-limit of  LGP, there was a decrease in 4 sub-humid districts in Chhattisgarh, increase
in 65 districts in arid and semi-arid districts in Rajasthan, Gujarat and Karnataka and indicated no change in case
of  53 semi-arid districts in Madhya Pradesh, Karnataka and Maharashtra.

Fig. 5.5: LGP estimated using MODIS-NDVI
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5.1.6. Typology of vulnerability based on prevalent major cropping systems

Cropping systems prevalent in vulnerable districts were analyzed and typologies were drawn to develop strategies
for mitigation and adaptation. There were 35 districts based on oilseeds cropping systems, 66 under
cereals-based systems and 6 under pulses and 15 under various cash crops as indicated in Figure 5.6.

Fig. 5.6: Cropping system prevalent in vulnerable districts in India
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5.1.7. Typology of vulnerability based on major livestock component

Livestock component is the mainstay of agriculture in arid and semi-arid agro-eco-regions. Of the 122 districts
identified as vulnerable, 16 districts had a large number of buffalo population, 51 districts had a dominant cattle
population, 3 districts had poultry, while 36 districts had a large population of small ruminants (Figure 5.7). The
rest of  the districts had a combination of  these livestock types.

Fig. 5.7: Typology based on livestock population in vulnerable districts
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5.2. Analysis of agricultural vulnerability in few typical vulnerable districts

Some of the vulnerable districts identified under the study were analyzed to assess the state of natural resources
management (NRM) and prevalent pattern of land use - land cover (LULC). This was essential to understand
what strategies were required to improve the adaptive capacity of farmers in order to cope with climate change.
Some of these districts selected for analysis are indicated in Figure 5.8.To analyze agricultural vulnerability in
Gujarat, Maharashtra, Madhya Pradesh, Rajasthan, Andhra Pradesh, Karnataka and Tamil Nadu, typology derived
from variations in LGP presented in the previous section was used.

NDVI-based LGP or the Greenup Phase is usually 2 to 3 weeks shorter at the stage of sowing compared to
LGP estimated meteorologically as satellite data senses crop germination only after a sufficient time-lag of 3-4
weeks after date of sowing (DOS) (Murthy & Sesha Sai, 2010). To understand typology of vulnerable districts,
land use & land cover (LULC) pattern of selected districts were analyzed. Table 5.3 lists the LULC pattern in a
few selected vulnerable districts as mentioned earlier.

Table 5.3:  LULC in few vulnerable districts (Area in km2)

LULC class       AESR
2.3 6.1 7.3 8.2 2.3 10.1 8.3

              Vulnerable Districts
BanasKantha Jalgaon Prakasam Mandya Nagaur Guna Erode

Built-up 193.55 174.34 303.55 132.27 239.51 23.51 264.67

( Rural & Urban)

Plantation 1.11 666.48 81.39 222.59 0 517.18 640.93

Forest  (Deciduous) 45 1794.3 4658.63 334.87 780.18 91.15 2012.14

Barren/Uncultivable 1325.09 549.51 2043.15 269.47 613.52 1693.91 158.22

Wetlands/ 469.35 355.92 826.25 285.91 155.65  0 93.97

Water Body

Agriculture 7905.2  7577.8 7032.22 2573.7 9342.6 3185.63 2207.27

(Crop land)

Agriculture (Fallow) 1257.14  615.96 2570.74 1139.84 5739.5 793.21 1559.32 

Source: Bhuvan (ISRO) NRSC

5.2.1. Typology of agricultural vulnerability in BanasKantha district, Gujarat

The district is located in AESR 2.3 in northern Gujarat Plain. The AESR extends from Gujarat to Punjab Plains in
the north and experiences hot typic-arid climate. It has deep, loamy desert soils with low available water-holding
capacity (AWC). The region has a normal LGP of 60-90 days and AVHRR - NDVI based LGP indicates an
increase in lower-limit from 60 to 80 days and upper-limit from 90 to 140 days. MODIS - LGP indicated a
lower-limit of  LGP as 100 days and upper-limit as 150 days (Figures 5.9 & 5.10).
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Fig. 5.8: Location of selected NICRA vulnerable districts

Fig. 5.9: Variations in LGP during 2009 drought in BanasKantha district, Gujarat
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Besides AESR 2.3, the State of Gujarat is covered by AESR 2.4 which extends over southern Kachchh and
North Kathiawar Peninsula and experiences hot-arid climate. It has deep loamy saline and alkali soils that have
low available water-holding capacity (AWC). This region may experience an increase in upper-limit of  LGP from
60-90 days to over 100 days. As AESR 2.4 is a prime agricultural region in Gujarat, variations in LGP would
impact the dynamics of commercial crops viz., groundnut and cotton. The rest of  Gujarat are covered under
AESR 5.1 (Kathiwar Peninsula), AESR 5.3 (Coastal zone of  Kathiwar), AESR 4.2 (north Gujarat Plains), AESR
5.2 (southern Gujarat plains, Narmada - Tapti Valley region) and a small part of AESR 19.1 (northern limit of
Sahayadri - west Coastal Region). Figure 5.10a indicates the variations in LGP during Kharif  and Rabi cropping
seasons during 1982-2006 based on AVHRR-NDVI and Figure 5.10b indicates MODIS-NDVI dataset for
2001 - 2012 periods.

Fig. 5.10a: Variations in seasonal LGP in AESR 2.3 & 2.4 based on AVHRR-NDVI

Fig. 5.10b: Variations in seasonal LGP in AESR 2.3 & 2.4 based on MODIS-NDVI

5.2.2. Typology of agricultural vulnerability in Jalgaon district, Maharashtra

Jalgaon district is located in AESR 6.1 in Maharashtra. The AESR extends from south - western Maharashtra to
north Karnataka Plateau and experiences hot dry semi-arid climate. The soil is shallow to medium loamy black
with medium to high AWC. The region has a normal LGP of 120-150 days; however study based on AVHRR-
NDVI indicated a decrease in both lower-limit and upper-limit of LGP. MODIS derived LGP indicated a decrease
in lower-limit but no change in upper-limit. Drought as experienced in 2009 indicated a sharp decrease in LGP in
the district.
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Fig. 5.11: LGP during 2009 drought in Jalgaon district, Maharashtra

Similar trend was seen in the neighbouring AESR 6.2 which extends over plateau region in central and western
Maharashtra, north Karnataka and north - western Telangana. The region experiences hot moist semi-arid climate
and has shallow to medium loamy to clayey black soils with medium to high AWC. The region has a normal LGP
of 120-150 days and variations in LGP are similar to that of AESR 6.1. Figure 5.12a & 5.12b indicates variations
in seasonal LGP based on AVHRR and MODIS-NDVI.

Fig.5.12a: Seasonal LGP in AESR 6.1 & 6.2 in Maharashtra based on AVHRR-NDVI

Fig. 5.12b: Variations in seasonal LGP in AESR 6.1 & 6.2 based on MODIS-NDVI
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5.2.3. Typology of vulnerable districts in Andhra Pradesh

Similar to Gujarat, the state of Andhra Pradesh is covered by a number of AESR namely AESR 7.1 (Kurnool and
Cuddapah districts), AESR 7.3 (covering Prakasam, Guntur, Krishna and West Godavari districts), AESR 3.0
covering Anantapur, AESR 8.3 covering Chittoor, AESR 18.3 covering the coastal plains besides AESR 12.1 and
12.2 covering Visakapatnam and parts of northern districts of the state adjoining Odisha. Prakasam district which
has been identified as vulnerable is located in AESR 7.3 which covers the Eastern Ghats region and experiences
hot dry semi-arid climate and has deep loamy to clayey mixed Red and Black soils with medium AWC. The normal
LGP indicated for this region is 150-180 days and according to study of AVHRR and MODIS-NDVI datasets,
there is a decrease in both lower-limit and upper-limit of  LGP which may adversely impact several major crops in
this region viz., paddy, chillies, turmeric and groundnut. In fact Prakasam district has a large area under paddy
cultivation which may be adversely affected due to variability in LGP (Figures 5.13). Figure 5.14a & 5.14b
indicates the trend in variation in seasonal LGP based on NDVI from AVHRR and MODIS.

Fig. 5.13: LGP during 2009 flood in Prakasam district of Andhra Pradesh

Fig. 5.14a: Trend in seasonal LGP based on AVHRR-NDVI
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Fig. 5.14b: Variations in seasonal LGP based on MODIS-NDVI

5.2.4. Typology of vulnerable district in Karnataka

The two agro-ecological sub-regions vulnerable to climate change in Karnataka are AESR 6.4 and 8.2. In AESR
6.4 covering North Sahyadris and western Karnataka Plateau, the climate is hot dry sub-humid with shallow and
medium loamy and clayey black soils with medium to high AWC. Mandya district has been identified as vulnerable
to climate change (Figure 5.15) due to drought and flood occurrences. Normal LGP for the region is 150-180
days however; AVHRR data indicates a decrease in the lower-limit but no change in the upper-limit of  LGP while
MODIS indicates no such change. Figure 5.15 indicates the variations in LGP in the district as a result of  flood in
2009. AESR 8.2 covering central Karnataka Plateau experiences hot moist semi-arid climate and has medium to
deep red loamy soils with low AWC. The region has a normal LGP of 120-150 days however AVHRR data
indicated an increase in lower-limit and upper-limit of  LGP while MODIS indicated a decrease in lower-limit and
no change in upper-limit of  LGP. Reduction in LGP due to drought would impact the biome of  Western Ghats and
adversely affect the plantation crops of the region namely coffee, cardamom, cashew and black pepper which are
high value cash crops. Occurrence of flood will adversely impact the field crops in the region. Figure 5.16a &
5.16b indicate the variations in LGP during Kharif  and Rabi seasons based on AVHRR and MODIS-NDVI.

Fig. 5.15: LGP during 2009 flood in Mandya district in Karnataka
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Fig. 5.16a: Variations in Kharif & Rabi LGP in Karnataka based on AVHRR-NDVI

Fig. 5.16b: Variations in Kharif & Rabi LGP in Karnataka based on MODIS-NDVI

5.2.5. Typology of vulnerable district in Rajasthan

The two agro ecological sub-regions vulnerable to climate change in Rajasthan are AESR 2.1and 2.3. The AESR
2.1 covers Marusthali or the desert region of Rajasthan and experiences hot-hyper arid climate. It has shallow and
deep sandy desert soils with LGP of <60 days. Study indicates a decrease in the lower-limit of LGP in AVHRR
and MODIS datasets as indicated in Figure 5.17 & 5.18. AESR 2.3 skirts the desert region and covers Rajasthan
plains, north Gujarat plain and south-western Punjab plain and experiences hot typic-arid climate. It has deep,
loamy desert soils with low AWC. The region has a normal LGP of 60-90 days and study indicates an increase in
both lower-limit and upper-limit of  LGP. Nagaur district located adjacent to Jodhpur has been identified as
vulnerable to climate change. In 2002 the district experienced widespread drought when LGP fell (Figure 5.17)
and in 2008 the region experienced floods as indicated by a decline in NDVI (Figure 5.18a & b).

Fig. 5.17:  LGP during 2002 drought in Nagaur district, Rajasthan
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Fig.5.18a: Trend in LGP during Kharif & Rabi in AESR 2.1 & 2.3 based on AVHRR-NDVI

Fig.5.18b: Variations in seasonal LGP based on MODIS-NDVI

5.2.6. Typology of vulnerable district in Madhya Pradesh

The two AESR vulnerable to climate change in Madhya Pradesh are AESR 10.1 and 5.2. AESR 10.1 extends
over Malwa Plateau, Vindhyan Scrapland and Narmada Valley and experiences hot dry sub-humid climate. Guna
district of Madhya Pradesh is located in the Malwa-Chambal region and its western boundary is defined by
Parbati River which separates it from neighbouring districts of  Rajgarh in Madhya Pradesh and Jhalawar and
Kota in Rajasthan.The region has a normal LGP of 150-180 days and both AVHRR and MODIS-NDVI indicate
no change in LGP which could be beneficial to the crops of soybean and paddy as no drastic change is seen.
Figure 5.20a & 5.20b indicate variations in LGP based on AVHRR and MODIS-NDVI.

 Fig. 5.19:  LGP during 2007 drought in Guna district, Madhya Pradesh
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Fig.5.20a: Trend in seasonal LGP in AESR 5.1 & 10.1 based on AVHRR-NDVI

Fig.5.20b: Variations in Kharif & Rabi LGP based on MODIS-NDVI

AESR 10.1 has medium and deep clayey black soils with high AWC. The region has a normal LGP 150-180 days.
Study indicated a decrease in lower-limit based on AVHRR and no change in upper-limit while MODIS dataset
indicated no change. AESR 5.2 covering Western Madhya Pradesh extending over Malwa Plateau, eastern Gujarat
Plain, Vindhyan and Satpura range and western part of Narmada valley experiences hot moist semi-arid climate
with medium and deep, clayey black soils with medium to high AWC. Normal LGP in the region is 120-150 days
and AVHRR dataset indicated a decline in both lower-limit and upper-limit while MODIS indicated a decrease in
lower-limit and no change in the upper-limit of LGP. These variations may have an adverse impact on soybean
crop grown in this region. Over half of the district is covered by deciduous forests.

5.2.7. Typology of vulnerable district in Tamil Nadu

AESR 8.1 covering southern Tamil Nadu Uplands and rain-shadow region of Western Ghats experiences hot dry
semi-arid climate with moderately deep to deep loamy to clayey, mixed red and black soils with medium AWC.
Normal LGP in the region is 90-120 days. Study indicated a decline in lower-limit of LGP and an increase in
upper-limit of  LGP based on AVHRR-NDVI while MODIS data indicated an increase in both lower- and upper-
limits of LGP (Figure 5.23 & 5.24). AESR 8.3 which covers major part of  Tamil Nadu Uplands and Plains that
experiences hot moist semi-arid climate and has deep red loamy soils with low AWC, has a normal LGP of
120-150 days. Study indicated a decline in lower- and upper-limits of  LGP based on AVHRR-NDVI. MODIS
dataset indicated a decrease in the lower-limit but no change in upper-limit of  LGP. Erode district located in AESR
8.3 was identified as vulnerable to climate change and Figure 5.22a & 5.22b indicate the variations in seasonal
LGP based on AVHRR and MODIS-NDVI.
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5.2.8. Trend in variations in LGP in vulnerable AESR in India

Study of variations in Green-up phase based on variations in LGP derived from NDVI were studied at regional
level and compared with those derived based on meteorological parameters. In case of AESR 8.2, 7.3 and 10.1,
there was a decline in upper-limit of  LGP as indicated in Figure 5.23. In AESR 6.1, 7.3, 8.3, and 10.1 there was
a decline in lower-limit of  LGP as indicated in Figure 5.24.

Fig. 5.22a:  Variations in LGP in AESR 8.1 & 8.3 based on AVHRR-NDVI

Fig.5.22b: Variations in LGP in AESR 8.1 & 8.3 based on MODIS-NDVI

Fig. 5.21:  LGP during 2002 drought in Erode district, Tamil Nadu
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Fig. 5.23: Variations in  upper-limit of LGP in select AESR

Fig. 5.24: Variations in lower-limit of LGP in select AESR

5.3. Variations in LGP during drought and flood events

Trend in variations in LGP during drought period was analysed in order to study variations in NDVI in various
regions to identify which cropping systems were suspectable to this hazard. Drought event of 2002 adversely
affected AESR 2.3 an 6.1 while drought of 2009 affected AESR 7.3, 8.2, 8.3 and 10.1 as mentioned earlier in
Section 5.2. Geostatistical analysis indicated that over 35.5 mha in six major AESR in the country could be
adversely affected due to a decrease in LGP while 81.3 mha could be adversely affected due to weather abrasions
or climatic variations.

Table 5.4: Variations in LGP/Green-up phase at AESR- level

AESR No. Normal LGP NDVI derived NDVI derived Remarks
Green-up phase LGP (No of days)

(1982-2012) in drought year

2.3 60-90 40-79 31*

6.1 90-120 85-90 60*

7.3 150-180 60-83 69**

8.2 120-150 60-87 50**

8.3 120-150 50-98 64**

10.1 150-180 60-78 48**

*2002 drought;**2009 drought

NDVI Green-up
phase  reducing
at  AESR
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It is apparent that MODIS data indicates an increase in LGP in the arid regions in India as indicated in Table 5.5.
In the dry semi-arid northern and western parts of  the country, no change in LGP was noticed. In the moist
semi-arid Gangetic Plains and in central India, the LGP indicated a decline that could adversely impact cultivation
of soybean and several pulsesas indicated in Figure 5.26. Similarly in the moist semi-arid and sub-humid region in
central India and in Southern Plateau region, LGP indicated a decline. In the semi-arid parts of  Southern Plateau,

5.4. Typology of agricultural vulnerability in India

Based on the criterion indicated earlier in this chapter, a composite typology of agricultural vulnerability to climate
change was drawn for the country as indicated in Figure 5.25. It may be seen that all types of cropping systems
viz., cereals-based, oilseed, pulses and major cash crops viz., cotton, sugarcane, groundnut, etc., may be adversely
affected by climate change. Variations in estimated LGP based on both NDVI datasets – AVHRR and MODIS
were also studied and have been depicted in Figure 5.26.

Fig. 5.25: Composite Typology of  Agricultural Vulnerability in India
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In arid region in western Rajasthan and Kachchh and parts of  Kathiwar in Gujarat, 7 districts indicated a decrease
in LGP estimated using AVHRR-NDVI while MODIS data indicated only 1 district, i.e., Bikaner in Rajasthan with
a decrease in LGP (Figure 5.27). Cluster bean which is grown commercially in these districts besides mustard and
pearl millet could be adversely affected due to decrease in LGP. The region has a large population of small
ruminants that may face fodder shortage due to dry conditions in the open-scrubland where open grazing is
permitted. The AVHRR data indicated an increase in LGP in 19 districts in arid parts of northern Gujarat Plains,
Rajasthan Plains and in north-eastern Karnataka and Anantapur district in Andhra Pradesh (Table 5.5). MODIS
dataset indicated an increase in LGP in these districts in addition to the arid districts in western Rajasthan and
Kachchh and parts of  Kathiwar in Gujarat. In all 28 districts were identified with an increase in LGP in MODIS
dataset. This trend would facilitate cultivation of groundnut and cotton in the peninsular region and sorghum and

Fig. 5.26: Change in LGP across various bio-climates in vulnerable districts

there was a decrease in the lower - limit of  LGP. In the eastern and central sub-humid regions in India covering
eastern Madhya Pradesh, Chhattisgarh, Bihar and Odisha, there was a decline in LGP as was the case in Coastal
Andhra and Tamil Nadu Plains.
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pearl millet in western Rajasthan and Gujarat. Increase in LGP would also provide adequate fodder to cattle in the
region. Study also indicated that 4 arid districts in Karnataka namely Gulbarga, Kolar, Chikmagalur and Mandya
may have no change in LGP.

In the semi-arid region, 76 districts were identified as vulnerable due to a decrease in LGP according to AVHRR
dataset while MODIS indicated that only 33 districts may be adversely affected due to a decrease in LGP (Table
5.6). Pigeon pea, paddy, maize and cotton cultivated in central and southern India besides wheat in north-western
India would be adversely affected because of this. Cattle population in these regions would also be adversely
affected due to reduced availability of fodder and crop biomass. Study also indicated an increase in LGP in 4
districts based on AVHRR-NDVI and in 5 districts based on  MODIS-NDVI. MODIS data indicated that 43
districts in Madhya Pradesh, Karnataka, Maharashtra, Uttar Pradesh and Tamil Nadu may see no change in LGP
(Figure 5.26). In sub-humid region, 12 districts located in Bihar, Chhattisgarh and Odisha according to both
NDVI datasets may experience a decrease in LGP. Paddy and green gram cultivated extensively here would be
vulnerable to climate change. Figure 5.27 indicates that 68 districts located pre-dominantly in arid and
semi-arid regions may experience similar trend in LGP based on AVHRR and MODIS datasets however, a
discrepancy was noticed in case of  54 districts located mainly in the semi-arid tract. As MODIS dataset is
available only since 2001, it may be incorrect to draw a definitive conclusion on trend in LGP based on recent
dataset alone.

Table 5.5: Vulnerable districts with a decreasing trend in LGP based on
AVHRR & MODIS-NDVI datasets

S.
No.

AESR No &
Bio-climate

State & Districts Estimated LGP

NBSS &
LUP

AVHRR MODIS

Rajasthan

1 2.3 Ajmer 60-90 75-95 60-120 sorghum, cluster bean,

2 Arid Jalor green gram, cotton

pearl millet, moth bean,

cluster bean, green gram

3 Jhunjhunun

4 Nagaur

5 Churu

6 Sikar

7 Hanumangarh chickpea, wheat,

rapeseed mustard

8 Pali pearl millet, moth bean,

cluster bean,

green gram, sorghum,

sesame

9 Rajsamand maize, sorghum

10 Sirohi maize, soybean, paddy,

red gram

11 Udaipur maize, sorghum,

soybean, groundnut,

black gram, green gram,

sesame

12 Gujarat

BanasKantha pearl millet, castor,

pulses,  cotton

groundnut

13 2.4 Jamnagar 60-95 60-130

14 Arid Mahesana pearl millet, green gram,

groundnut

Crop / Cropping
System
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15 Patan pearl millet, black gram,

green gram, sesame

16 Porbandar groundnut, cotton,

pearl millet, sorghum

17 Rajkot groundnut, cotton,

sesame, pulses

18 Surendranagar pearl millet, castor,

cotton, sesame

19 Andhra Pradesh

3 Arid Anantapur 60-110 60-120 groundnut

Table 5.6: Vulnerable districts with a decreasing trend in LGP based on
AVHRR & MODIS-NDVI datasets

S.
No.

AESR No &
Bio-climate

State & Districts Estimated LGP

NBSS &
LUP

AVHRR MODIS

1 Rajasthan

4.1Arid Bikaner <60 40-60 50-95 pearl millet, moth bean,
cluster bean, green gram

2 4.1 Alwar 90-120 90-110 80-120 pearl millet,
Semi-arid rapeseed mustard,

maize, wheat, barley,
chickpea

3 Jaipur pearl millet, rapeseed
mustard, wheat, barley,
chickpea

4 Karauli

5 Bharatpur

6 Dausa pearl millet, moth bean,
cluster bean, green
gram, cotton, groundnut

7 Dhaulpur pearl millet, sesame,
pigeon pea

8 Madhya Pradesh

Morena pearl millet, castor,
pigeon pea, cotton,
sesame, cluster bean

9 4.2 Neemuch 80-100 soybean, maize, black
Semi-arid gram,  sesame

10 Rajasthan

Bhilwara pearl millet, soybean,
maize, wheat, rapeseed
mustard, chickpea,
pigeon pea, sunflower,
groundnut, green gram

*FAO model 1983

Crop / Cropping
System
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11 Bundi soybean, maize, black
gram, green gram,
sesame

12 Dungarpur maize, pulses, wheat,
chick pea

13 Sawai Madhopur pearl millet, rapeseed
mustard, barley, wheat,
chick pea

14 Tonk groundnut, cotton,
sesame, cowpea,
green gram

15 Banswara maize, soybean, paddy,
pigeon pea

16 Chittaurgarh maize, sorghum,
soybean, groundnut,
pigeon pea, cluster
bean, sesame

17 Gujarat

Ahmadabad cotton, paddy, wheat,
chickpea, pearl millet

18 Anand wheat, cotton,
groundnut, pearl millet,
green gram

19 SabarKantha pigeon pea, chick pea,
green gram, groundnut

20 Gandhinagar pearl millet

21 5.1 Semi-arid Amreli 60-110 90-135 paddy, pearl millet,
tobacco, cotton

22 Bhavnagar pearl millet, castor,
pulses, groundnut,
cotton

23 Maharashtra

6.1 Semi-arid Beed 80-110 90-130 cotton, pigeon pea,
soybean, pearl millet

24 Osmanabad cotton, sorghum,
pigeon pea, soybean

25 Pune paddy, pearl millet,
groundnut, pigeon pea,
onion, sunflower,
sugarcane, vegetables,
grapes

26 Sangli groundnut, pearl millet,
pigeon pea,  soybean,
sorghum

27 Satara pearl millet, sorghum,
paddy, soybean,
groundnut

28 Solapur pigeon pea, chick pea,
green gram, groundnut,
pearl millet, sunflower,
maize
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29 Karnataka

Raichur paddy, sunflower,
sorghum, chick pea,
pearl millet

30 6.4 Haveri 150-180 120-150 135-160 maize, paddy, chilli,
Hot dry sub -humid cotton, sorghum,

groundnut

31 Belgaum sugarcane, soybean,
maize, groundnut,
cotton

32 Dharwad maize, paddy, chilli,
cotton, soybean,
green gram, groundnut,

33 Gadag sorghum, green gram,
groundnut, maize,
chickpea

34 7.1 Bellary 90-120 80-100 90-140 paddy, cotton, maize,
Semi-arid sorghum, groundnut,

pearl millet

35 Andhra Pradesh

Cuddapah groundnut, paddy,
chickpea, sunflower,
cotton

36 Kurnool groundnut, sunflower,
cotton, pigeon pea,
castor, pearl millet,
chick pea

37 7.3 Semi-arid Prakasam 150-180 70-110 80-140 paddy, cotton,
pigeon pea, castor,
maize, chick pea

Tamil  Nadu

38 8.1 Semi-arid Tirunelveli 90-120 paddy, maize,
finger millet, sorghum,
pearl millet, groundnut,
sesame

39 Bihar

9.2 Hot dry Gaya 150-180 120-140 140-180 paddy, maize,
sub-humid pigeon pea

40 Jehanabad

41 Nawada

42 Madhya Pradesh

10.1 Hot dry Guna 100-160 120-180 soybean, maize, wheat,
sub-humid sorghum, chickpea

Chhattisgarh

43 10.4 Hot moist Kawardha 180-210 160-180 140-180 paddy, soybean, maize,
sub-humid pigeon pea, black gram
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44 Seoni paddy, soybean, maize,
groundnut, pigeon pea,
wheat, chickpea

45 Chhattisgarh

11 Hot dry Durg 150-180 120-140 120-150 green gram, black gram,
sub -humid groundnut, paddy,

oilseeds, pulses, wheat

46 Odisha

Nabarangapur maize, pigeon pea,
paddy, cowpea,
sugarcane

Fig. 5.27: Variations in LGP based on AVHRR-NDVI and MODIS – NDVI
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5.5. Typology of Agricultural Vulnerability based on LGP variability

Agricultural vulnerability was assessed in districts that were predominantly agricultural in land use. LGP trend in
districts with > 50% geographical area under agriculture and those with < 50% area were studied. It was seen that
in 80 districts with >50% Net Sown Area (NSA), there was a decrease in LGP. Six of these districts were located
in the arid region, 70 in semi-arid and 4 in the sub-humid region, accounting for over 0.83 mha under paddy
cultivation, 0.26 mha under cotton and sugarcane and over 0.48 mha under oilseeds majorly soybean (Figure
5.28).

Fig. 5.28: Vulnerable districts with decrease in LGP

Thirty-one districts with >50% area as Net Sown land may experience an increase in LGP (Figure 5.29). Twenty-
three of these districts are located in the arid region while 8 are located in the semi-arid tract accounting for over
0.64 mha area under cultivation of pearl millet, pulses and groundnut.
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Study also indicated that 11 districts with >50% Net Sown Area may not experience any change in LGP (Figure
5.30). Their distribution is as follows: 1 district in the arid region, 2 in semi-arid and 8 in sub-humid regions of
India. Types of variations in LGP like change in upper-limit (Figure 5.31) and in lower-limit (Figure 5.32) in
comparison to normal LGP estimated using FAO model (1982) were also analyzed.

Fig. 5.29: Vulnerable districts with increase in LGP
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Fig. 5.30: Vulnerable districts with No-Change in LGP

LGP derived from FAO model were overlaid with those derived from AVHRR and MODIS in GIS environment
in order to understand the types of change in Lower-limit and Upper-limit of LGP.  Figure 5.31 indicates the
variations in upper limit of LGP based on MODIS and AVHRR-NDVI. In case of LGP derived from AVHRR-
NDVI, there was a change in Upper-limit of LGP. For instance, there was a decrease in upper-limit of LGP in 44
districts in semi-arid parts of Madhya Pradesh and Maharashtra, increase in 70 districts in arid and semi-arid parts
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Fig. 5.31: Change in upper-limit of LGP compared to normal LGP

of Gujarat, Rajasthan and Karnataka and no change in 8 sub-humid districts in Karnataka. Similarly in case of
upper-limit of MODIS- NDVI, there was a decrease in 4 sub-humid districts in Chhattisgarh, an increase in 65
districts in arid and semi-arid parts of Rajasthan, Gujarat and Karnataka and same in 53 semi-arid districts in
Madhya Pradesh, Karnataka and Maharashtra.

Change in lower-limit of LGP based on AVHRR & MODIS-NDVI was analyzed by overlaying it with LGP
derived from FAO Model. Figure 5.32 indicates that a decrease was recorded in 92 districts mostly in Madhya
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Fig. 5.32: Change in lower-limit of LGP in comparison to normal LGP

Pradesh, Rajasthan and Gujarat in the semi-arid tract while an increase was noticed in 28 districts in Gujarat and
Rajasthan in the arid region; no change in lower-limit of LGP was recorded in only 2 districts in arid parts of
Karnataka. Analysis of  LGP derived from MODIS-NDVI indicated that lower-limit had declined in 53 districts in
semi-arid parts of Madhya Pradesh and Maharashtra and in arid region of Rajasthan. An increase was recorded
in 60 districts in arid and semi-arid parts of Rajasthan, Gujarat and Karnataka; however no change in lower-limit
of LGP was seen in 9 sub-humid districts in Karnataka and Bihar.
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6. Conclusion

Satellite-based NDVI obtained from NOAA-AVHRR and MODIS-TERRA (1982-2012) was used to assess
agricultural vulnerability in India. A methodology was developed to assess agricultural vulnerability by estimating
CV of Max NDVI of AVHRR (16-day, 8km) data product for 1982-2006 period and MODIS NDVI dataset
(15-day, 250m) from 2001 till 2012. In order to understand the trend in NDVI variations, Standard Precipitation
Index (SPI) was estimated for the study period and results corroborated.

Study indicated that over 122 districts covering 110 mha encompassing over 26 agro-ecological sub-regions
(AESR) in 12 states in the country were vulnerable to climate change. Of the 74 mha under agriculture in these
districts, MODIS dataset indicated that over 47 mha of net sown area was vulnerable to climate change. AVHRR
dataset due to its coarse resolution indicated that over 29 mha of net sown area was vulnerable to climate change.
This variation in estimation which was due to coarse resolution of the latter was a consequence of the mixed pixels
in the image that are difficult to classify. Notwithstanding the variation in estimates of extent of agriculturally vulnerable
region in India, it is notable that nearly 1/5th to 1/3rd net sown area in the country out of a total sown area of 142
mha, is vulnerable to climate change.

Study revealed that NOAA-AVHRR and MODIS-TERRA based NDVI time-series data are useful for studying
the slow process of climate change resulting due to variability in rainfall and its interaction with soil and
micro-climate in a given region. Satellite based products provide an authentic spatial reference to analysis of
agricultural vulnerability to climate change. As these data are readily available on the internet, their inclusion in
planning for improving adaptation and mitigation strategies among farmers is essential. Due to pixel resolution of
AVHRR data i.e., 8km, it was deemed appropriate to use it to estimate agricultural vulnerability at a regional level
viz., AESR while MODIS (250m) NDVI data product was used to assess agricultural vulnerability at
district-level. The comparatively finer resolution of NDVI data product makes it useful for drawing actual
implementable strategy and plans for improving adaptation among farmers at local-level.

Quantitative analysis of relationship between AVHRR (8km) Mean and Max NDVI with actual rainfall occurrence
in whole of India in two typical years i.e., 1982 & 2006 revealed that while standard deviation of  NDVI was less,
it was higher in case of rainfall. Coefficient of variation of mean NDVI explained 8.1% of variation between the
years. Between 1982 and 2006, there was only 5% variation in All-India rainfall, 10% in case of  Mean NDVI and
5% in case of  Max NDVI. No clear-cut trend was discernable at national-scale.

Both AVHRR and MODIS datasets were concurrantly available for a short period of time, i.e., 2001-2006, which
was used for a comparative study which revealed that Max NDVI indicated a similar spatial and temporal trend.
While both datasets were used to study NDVI trends in 605 districts, there was dissimilarity in trend in NDVI in
74 districts. There was inconsistency in data only in seven districts. Variability in NDVI was analysed for the
period 1982 to 2000 exclusively with NOAA-AVHRR data and from 2007-2012 using MODIS-TERRA dataset
alone.

To identify agricultural vulnerability, trends in NDVI data were corroborated with SPI data. Year 1987 was a
severe drought year when Gujarat and western Uttar Pradesh reeled under severe drought. SPI corresponding to
this region in 1987 was estimated at <-2 denoting extremely dry condition while in Rajasthan, the SPI was calculated
as -1.0 to -2.0 denoting moderate to severe dry condition and in central India moderate drought prevailed with
SPI ranging from -1 to -1.49. During the same year, Max NDVI in Gujarat was 0.15 while Mean NDVI was 0.11
while in Rajasthan it was lower, i.e., 0.11 and 0.08 and in western Uttar Pradesh, 0.48 and 0.31 respectively. In
central India where moderate drought occurred, Max NDVI was 0.12 and Mean NDVI was 0.09. The NDVI
ranges reflect the type of cropping systems prevalent in these regions. During 2005 when floods occurred extensively
in erstwhile Andhra Pradesh, Karnataka, Tamil Nadu and south-western parts of Maharashtra, SPI ranged from
very wet to extremely wet in former Andhra Pradesh with SPI >1.5 while Max NDVI in Andhra Pradesh and
Karnataka ranged from 0.47 to 0.72 and Mean NDVI ranged from 0.30 to 0.55.

Variations in Annual Maximum NDVI estimated during 1982 to 2006 indicated a large variation in vegetation
dynamics in the country owing to climatic variability. In arid regions in western Rajasthan and Gujarat and
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south-central India in Bellary and Anantapur districts, vegetation cover was sparse but livestock population was
large thus contributing to agricultural vulnerability especially due to drought. In semi-arid and sub-humid zones
which account for large area under rainfed agriculture, natural resource base was poor owing to shallow soil cover
and falling groundwater table, besides presence of large number of marginal and small farm holdings with dependence
on southwest monsoon rainfall leading to agricultural vulnerability. In the humid regions where two to three crops
are cultivated annually, flood or drought could be devastating while in per-humid regions as in north-eastern region,
a decline in rainfall could be harsh on the local economy. Study indicated that north-eastern region, western coastal
plains, Sub- Himalayan hill region in Jammu & Kashmir and Himachal Pradesh besides Eastern Plateau region in
Chhattisgarh, Odisha and Jharkhand, have experienced a decline in NDVI.

To understand agricultural vulnerability, variations in LGP were studied for which a methodology was developed
using NDVI of normal years to derive Threshold Value for each AESR in India. This value was in turn used to
derive Start-of-Season and End-of-Season period of LGP for both cropping seasons in India namely, Kharif  and
Rabi. Change in LGP as a result of reduction in lower-limit or upper-limit of LGP was studied.Variability in LGP
was seen to be high in regions having a LGP of <60 days and 120-150 days; it was lower in regions having 60-90
days of LGP and least in regions with 90-120 days. There was a variation in identification of SOS and EOS of
LGP while using AVHRR and MODIS-NDVI datasets with latter indicating longer LGP. Study also indicated a
significant reduction in LGP during Rabi season. However increase in irrigation in several districts in central and
southern India, have led to a negative correlation between SPI and NDVI. It was seen that there was an increase
in area with LGP of 90 – 120 days during Kharif  season in the country.

It may be concluded that NDVI was found to be a useful tool and a good indicator to assess change in vigour of
vegetation growth over a period of time in order to understand the impact of climate change. Study of temporal
data products like AVHRR and MODIS-NDVI data were found useful to assess slow change in agriculture and
identifying regions where agriculture was vulnerable. The list of identified vulnerable districts compares well with
the prioritized list of rainfed districts by NRAA where in 9 socio-economic and bio-physical indicators were used.

To analyse types of agricultural vulnerability, several aspects of agriculture were studied leading to development of
typologies. The basis for developing typologies for vulnerable districts were as follows: area under agriculture in
each district, normal LGP estimated through using agro-meteorological parameters (NBSS & LUP, 1999), prevalent
bio-climate, current cropping pattern and livestock component. The trend in LGP identified from AVHRR and
MODIS datasets were analysed with the agricultural parameters listed above. Variations in LGP derived from
AVHRR and MODIS-NDVI dataset when compared to normal LGP helped in developing the typologies. State
of agriculture was indicated as normal (when no change in LGP was seen in AVHRR and MODIS data compared
to normal LGP), decrease in LGP was indicated when NDVI based LGP class was shorter than normal LGP
indicated for a region; an increase in LGP compared to normal was recorded when number of days of LGP
increased under each category.Trends were similar in all but a few districts as indicated in the study.

The typology generated indicated that in122 districts agriculture was vulnerable to climate change. Of these 30
were located in arid zone, 81 in semi-arid and 11 in sub-humid bio-climate zone.  Cropping system-wise analysis
indicated that of these vulnerable districts, 64 were cereal-based, 37 oilseed-based, 15 cash-crops intensive and
6 dominated by pulse cultivation. Analysis of livestock component indicated that in 69 districts large cattle were
predominant while small ruminants were dominant in 53.

Normal LGP classes (Velayatham et al., 1999) identified in India are six in number viz., <60 days, 60-90, 90-120,
120-150, 150-180 and 180-210 days. Of the 122 vulnerable districts 6 districts fall in <60 days class which are
essentially located in arid region; 23 districts located in semi-arid tract of western Rajasthan, northern Karnataka
and Rayalseema region in Andhra Pradesh have an LGP of 60-90 days; LGP of 90-120 days occured in 34
districts in semi-arid region of eastern Rajasthan and western Madhya Pradesh, Marathwada and Deccan region;
LGP of 120-150 days occurred in 46 districts in the transition belt of semi-arid and sub-humid region in Rajasthan,
Uttar Pradesh and Madhya Pradesh in the north and in Karnataka and Tamil Nadu in the south. LGP of 150-180
days occurred in 11 districts in western Karnataka, Prakasam district in Andhra Pradesh, Chhattisgarh and Bihar
while LGP class of 180-210 days was experienced in 2 districts namely, Seoni in Madhya Pradesh and Kawardha
in Chhattisgarh districts which experiences dry moist sub-humid climate.
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Study of LGP estimated from AVHRR-NDVI indicated variations in lower-limit and upper-limit of LGP.
Ninety-two districts largely located in the semi-arid tract of  Madhya Pradesh, Rajasthan and Gujarat experienced
a decrease in lower-limit of  LGP; increase or rise in lower-limit was seen in 28 districts in arid parts of  Gujarat
and Rajasthan while no change was reported in 2 arid districts in Karnataka.Variations in upper-limit of  LGP were
also analysed. A decrease in upper-limit of  LGP was recorded in 44 districts in semi-arid parts of Madhya
Pradesh and Maharashtra; increase in upper-limit was seen in 70 districts in arid and semi-arid tracts of Gujarat,
Rajasthan and Karnataka and no change was recorded in 8 sub-humid districts located in Karnataka.

Based on LGP derived from MODIS-NDVI, it was seen that there was a decrease in lower-limit of  LGP in 53
districts in semi-arid region of  Madhya Pradesh and Maharashtra and in arid part of  Rajasthan. Increase or rise
in lower-limit of  LGP was recorded in 60 districts in arid and semi-arid parts of Rajasthan, Gujarat and Karnataka.
There was no change in lower-limit of  LGP in 9 sub-humid districts in Karnataka and Bihar.  Change in upper-limit
of LGP was also recorded. A decrease in upper-limit was seen in 4 sub-humid districts in the state of Chhattisgarh,
increase in 65 districts in arid and semi-arid parts of Rajasthan, Gujarat and Karnataka while no change in upper-
limit was recorded in 53 semi-arid districts in Madhya Pradesh, Karnataka and Maharashtra.

As illustration, some of the vulnerable districts and the cropping systems and the emerging LGP trends were
analysed. In Gujarat in BanasKantha district where normal LGP was 60-90 days, the study of NDVI indicated an
increase in upper limit of  LGP to over 100 days which could translate as no threat of terminal drought and also
cultivation of crops requiring longer LGP than the traditional crop sown there. In Jalgaon district in Maharashtra
located in Khandesh region in Nasik Division, the normal LGP of 120-150 days may decrease. According to
AVHRR-NDVI a decrease in both lower-limit and upper-limit of  LGP was seen during 1982-2006. Even MODIS
data indicates a decrease in lower-limit of  LGP which could adversely affect cultivation of  banana crop for which
the district is famous. In Prakasam district in Andhra Pradesh, the normal LGP of 150-180 days may decrease as
indicated by both datasets. This would adversely affect the cultivation of two major crops - paddy and groundnut.
In Mandya district located in Bayalu Seema or open plains region in Karnataka, a part of the Deccan Plateau, the
normal LGP of 120-150 days may not change significantly.

According to AVHRR dataset, there is evidence of an increase in lower-limit and upper-limit of  LGP while
MODIS data indicates a decrease in lower-limit and no change in upper-limit of  LGP. In the arid district of
Nagaur in Rajasthan, with a normal LGP 60-90 days, study indicates an increase in both lower-limit and
upper-limit of  LGP which could be beneficial to the local crops grown there viz., pearl millet, cluster bean and
moth bean.Guna district located in Malwa Plateau in Madhya Pradesh had a normal LGP 150-180 days and both
datasets indicated no change in LGP and hence oilseed crops like soybean besides paddy and maize may not be
adversely affected. On the other hand in Erode district in Tamil Nadu plains, normal LGP of  90-120 days may
decline according to AVHRR dataset of 1982-2006. However, during last decade as indicated by MODIS dataset,
this trend is reversed. MODIS dataset indicates an increase in lower-limit and upper-limit of  LGP in the district.
This variability is typical of climate change scenario and needs to be addressed carefully.

It may be concluded that freely available NDVI data products developed from NOAA-AVHRR and MODIS-
TERRA sensors were found useful to study the imperceptible change in vegetation cover especially agriculture in
India. The methodology developed using CV of  Max NDVI to identify spatial extent of agricultural vulnerability
indicated that over 47 mha or 33% of net sown area in the country was vulnerable to climate change and weather
aberrations.

Another methodology developed to deduce LGP based on NDVI helped to indicate the regions that were vulnerable
to climate change and the crops and cropping systems that could be adversely affected due to it. Study indicated
that the semi-arid and sub-humid belt which is the mainstay of rainfed agriculture could be adversely affected due
to a reduction in LGP. Typologies of agricultural vulnerability have been drawn which could be used to draw
strategies for mitigation and adaptation to climate change across India.
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Glossary

Adaptation

In human systems, the process of adjustment to actual or expected climate and its effects, in order to moderate
harm or exploit beneficial opportunities. In natural systems, the process of adjustment to actual climate and its
effects. Human intervention may facilitate adjustment to expected climate.

Adaptive capacity

The combination of strengths, attributes, and resources available to an individual, community, society, or organization
that can be used to prepare for and undertake actions to reduce adverse impacts, moderate harm, or exploit
beneficial opportunities.

Aerosols

A collection of airborne solid or liquid particles, with a typical size between 0.01 and 10 μm, that reside in the
atmosphere for at least several hours. Aerosols may be of either natural or anthropogenic origin. Aerosols may
influence climate in several ways: directly through scattering and absorbing radiation, and indirectly by acting as
cloud condensation nuclei or modifying the optical properties and lifetime of clouds. They impact remote sensing of
earth surface features often attenuating radiation and backscatter.

AESR

The geographical region of India has been classified into agro-ecological zones (AEZ) for delineating uniform
regions in terms of physiography, climate, length of growing period and soils. Agro ecologic sub-region (AESR) is
a constituent of AEZ and is derived by superimposing maps of bio-climate (rainfall, temperature, PET, coupled
with altitude, aspect and vegetation type) and length of crop growing period (LGP) on a soil map. Example of bio-
climate types are arid, semi-arid, dry sub-humid, etc. The National Bureau of Soil Survey and Land Use Planning
located in Nagpur, a constituent of ICAR, has delineated India into 61 AESR which is a useful classification for
carrying out agricultural planning.

Albedo

The fraction of solar radiation reflected by a surface or object, often expressed as a percentage. Snow-covered
surfaces have a high albedo, the surface albedo of soils ranges from high to low, and vegetation covered surfaces
and oceans have a low albedo. The Earth’s planetary albedo varies mainly through varying cloudiness, snow, ice,
leaf area and land cover changes.

Arid ecosystem

It represents environmental conditions of limited rainfall which is less than PET almost throughout the year. In
Indian arid ecosystem, PET is high and rainfall varies from <100mm to over 500mm. Hot arid ecosystem is
located in northwest India encompassing Rajasthan and Gujarat while cold arid ecosystem is located in Ladakh
region of Jammu and Kashmir.

Anthropogenic

Resulting from or produced by human beings.

Anthropogenic emissions

Emissions of greenhouse gases, greenhouse gas precursors and aerosols associated with human activities. These
activities include burning of fossil fuels, deforestation, land use changes, livestock, fertilization, etc., that result in a
net increase in emissions.

Atmosphere

The gaseous envelope surrounding the Earth. The dry atmosphere consists almost entirely of nitrogen (78.1%
volume mixing ratio) and oxygen (20.9% volume mixing ratio), together with a number of trace gases, such as
argon (0.93% volume mixing ratio), helium and radiatively active greenhouse gases such as carbon dioxide (0.035%
volume mixing ratio) and ozone. In addition, the atmosphere contains the greenhouse gas water vapor, whose
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amounts are highly variable but typically around 1% volume mixing ratio. The atmosphere also contains clouds and
aerosols.

Baseline/reference

The baseline (or reference) is the state against which change is measured. It might be a ‘current baseline,’ in which
case it represents observable, present-day conditions. It might also be a ‘future baseline,’ which is a projected
future set of conditions excluding the driving factor of interest. Alternative interpretations of the reference conditions
can give rise to multiple baselines.

Carbon cycle

The term used to describe the flow of carbon (in various forms, e.g., as carbon dioxide) through the atmosphere,
ocean, terrestrial biosphere and lithosphere.

Carbon dioxide (CO2)

A naturally occurring gas fixed by photosynthesis into organic matter. A by-product of fossil fuel combustion and
biomass burning, it is also emitted from land use changes and other industrial processes. It is the principal
anthropogenic greenhouse gas that affects the Earth’s radiative balance. It is the reference gas against which other
greenhouse gases are measured, thus having a Global Warming Potential of 1.

Catchment

An area that collects and drains precipitation.

Climate

Climate in a narrow sense is usually defined as the average weather or more rigorously, as the statistical description
in terms of the mean and variability of relevant quantities over a period of time ranging from months to thousands
or millions of years. The classical period for averaging these variables is 30 years, as defined by World Meteorological
Organization. The relevant quantities are most often surface variables such as temperature, precipitation and wind.
Climate in a wider sense is the state, including a statistical description, of the climate system.

Climate change

A change in the state of the climate that can be identified (e.g., by using statistical tests) by changes in the mean and/
or the variability of its properties and that persists for an extended period, typically decades or longer. Climate
change may be due to natural internal processes or external forcing, or to persistent anthropogenic changes in the
composition of the atmosphere or in land use. Climate change has also been defined as a change of climate which
is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which
is in addition to natural climate variability observed over comparable time periods.

Climate extreme (extreme weather or climate event)

Occurrence of a value of weather or climate variable above (or below) a threshold value near the upper (or lower)
ends of the range of observed values of given variable. For simplicity, both extreme weather events and extreme
climate events are referred to collectively as ‘climate extremes.’

Climate system

The climate system is the highly complex system consisting of five major components: the atmosphere, the oceans,
the cryosphere, the land surface, the biosphere and the interactions between them. The climate system evolves in
time under the influence of its own internal dynamics and because of external forcing viz., volcanic eruptions, solar
variations, and anthropogenic forcing viz., changing composition of atmosphere and land use change.

Climate variability

Climate variability refers to variations in the mean state and other statistics (such as standard deviations, the
occurrence of extremes, etc.) of the climate at all spatial and temporal scales beyond that of individual weather
events. Variability may be due to natural internal processes within the climate system (internal variability), or to
variations in natural system.
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Coping capacity

The ability of people, organizations and systems, using available skills, resources and opportunities, to address,
manage and overcome adverse conditions.

Cropping season –Kharif & Rabi

Crop growing period corresponding with southwest monsoon rainfall season in India is called Kharif. It usually
corresponds to the period June-July to Oct - Nov.  Agricultural activities using residual soil moisture in
post-monsoon season is called Rabi cropping season and usually extends from Oct-Nov to Feb-March.

District

Administrative unit within a state boundary.

Digital interpretation technique

Space imagery obtained from satellite is analyzed using digital interpretation software. Several techniques have
been developed to pre-process raw data and prepare them for analysis using specialized software like ERDAS
Imagine, IDRISI and ILWIS. Satellite data forms an essential input to GIS based analysis.

Disaster

Severe alterations in the normal functioning of a community or a society due to hazardous physical events interacting
with vulnerable social conditions, leading to widespread adverse human, material, economic or environmental
effects that require immediate emergency response to satisfy critical human needs and that may require external
support for recovery.

Disaster Risk: The likelihood over a specified time period of severe alterations in the normal functioning of a
community or a society due to hazardous physical events interacting with vulnerable social conditions, leading to
widespread adverse human, material, economic, or environmental effects that require immediate emergency response
to satisfy critical human needs and that may require external support for recovery.

Disaster Risk Management: Processes for designing, implementing, and evaluating strategies, policies, and
measures to improve the understanding of disaster risk, foster disaster risk reduction and transfer and promote
continuous improvement in disaster preparedness, response and recovery practices, with the explicit purpose of
increasing human security, well-being, quality of life, resilience and sustainable development.

Downscaling

Downscaling is a method that derives local- to regional-scale (up to100 km) information from larger-scale models
or data analyses.

Drought

A period of abnormally dry weather long enough to cause a serious hydrological imbalance. Drought is a relative
term therefore any discussion in terms of precipitation deficit must refer to the particular precipitation-related
activity that is under discussion. For e.g., shortage of precipitation during the growing season impinges on crop
production or ecosystem function in general (due to soil moisture drought also termed agricultural drought) and
results in a decrease in length of crop growing period as indicated in present study. Decrease in precipitation also
causes reduction in runoff and percolation that adversely affects water supplies (hydrological drought) during the
year. Storage changes in soil moisture and groundwater are also affected by increases in actual evapo-transpiration
in addition to reductions in precipitation. A period with an abnormal precipitation deficit is defined as meteorological
drought. In India drought event is usually classified as mild (<25%), moderate (25-50%) and severe (>50%)
depending on the degree of deficit in rainfall in a region compared to its long-term average.

El Niño-Southern Oscillation (ENSO)

The term El Nino was initially used to describe a warm-water current that periodically flows along the coast of
Ecuador and Peru, disrupting the local fishery. It has since become identified with a basin-wide warming of the
tropical Pacific Ocean east of the dateline. This oceanic event is associated with a fluctuation of a global-scale
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tropical and sub-tropical surface pressure pattern called the Southern Oscillation. This coupled atmosphere-ocean
phenomenon, with preferred time scales of 2 to about 7 years, is collectively known as the El Nino-Southern
Oscillation. It is often measured by the surface pressure anomaly difference between Darwin and Tahiti and the sea
surface temperatures in the central and eastern equatorial Pacific. During an ENSO event, the prevailing trade
winds weaken, reducing upwelling and altering ocean currents such that the sea surface temperatures warm,
further weakening the trade winds. This event has a great impact on the wind, sea surface temperature and
precipitation patterns in the tropical Pacific. It has climatic effects throughout the Pacific region and in many other
parts of the world, through global tele-connections. The Indian southwest monsoon weakens as a result of  El Niño
phenomena as in 2014. The cold phase of  ENSO is called La Nina.

Emissions scenario

Representation of future development of emissions of substances that are potentially radiatively active (e.g.,
greenhouse gases, aerosols), based on a coherent and internally consistent set of assumptions about driving forces
viz., technological change, demographic and socio-economic development, and their key relationships. Concentration
scenarios, derived from emissions scenarios are used as input to climate model to compute climate projections. In
IPCC 1992 Supplementary Report, a set of emissions scenarios was presented, which were used as basis for
climate projections in the IPCC Second Assessment Report. These emissions scenarios are referred to as the
IS92 scenarios. In the IPCC Special Report on Emissions Scenarios, new emissions scenarios called SRES
scenarios were published. SRES scenarios (e.g., A1B,A1FI, A2, B1, B2) are used as a basis for some of climate
projections.

Ensemble

A group of  parallel model simulations used for climate projections.Variation of  results across the ensemble
members gives an estimate of uncertainty in climate projections. Ensembles made with the same model but different
initial conditions only characterize the uncertainty associated with internal climate variability, whereas
multi-model ensembles including simulations by several models also include the impact of model differences. Perturbed
parameter ensembles, in which model parameters are varied in a systematic manner, aim to produce a more
objective estimate of modeling uncertainty than is possible with traditional multi-model ensembles.

Evapotranspiration

The combined process of evaporation from the Earth’s surface and transpiration from vegetation.

Exposure

The presence of people, livelihoods, environmental services, resources and infrastructure or economic, social or
cultural assets in places that could be adversely affected due to climate change.

External forcing

External forcing refers to a forcing agent outside the climate system causing a change in the climate system. Volcanic
eruptions, solar variations and anthropogenic changes in the composition of  the atmosphere and landuse change
are external forcing.

Famine

Scarcity of food over an extended period and over a large geographical area, such as a country. Famines may be
triggered by extreme climate events such as drought or floods, but can also be caused by disease, war or other
factors.

Flood

The overflowing of normal confines of a stream or other water body, or accumulation of water over areas that are
not normally submerged. Floods include river (fluvial) floods, flash floods, urban floods, pluvial floods, coastal
floods and flood caused by glacial lake out burst like on June 17, 2013 in Kedarnath in Himalayas.

Greenhouse effect

Greenhouse gases effectively absorb thermal infrared radiation, emitted by the Earth’s surface, by the atmosphere
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itself due to the same gases, and by clouds. Atmospheric radiation is emitted to all sides, including downward to
the Earth’s surface. Thus, greenhouse gases trap heat within the surface-troposphere system. This is called the
greenhouse effect. Thermal infrared radiation in the troposphere is strongly coupled to the temperature of the
atmosphere at the altitude at which it is emitted. In the troposphere, the temperature generally decreases with
altitude. Effectively, infrared radiation emitted to space originates from an altitude with a temperature of, on average,
-19°C, in balance with the net incoming solar radiation, whereas the Earth’s surface is kept at a much higher
temperature of, on average, 14°C. An increase in the concentration of greenhouse gases leads to an increased
infrared opacity of the atmosphere and therefore to an effective radiation into space from a higher altitude at a
lower temperature. This causes a radiative forcing that leads to an enhancement of the greenhouse effect, the so-
called enhanced greenhouse effect. This attenuates the incoming solar radiation and impairs vegetation growth and
can be studied using satellite images as indicated in current study.

GIS

Geographical Information System is a mix of software and hardware that enables one to look at the geographic
patterns in ones data and at relationships between features depicted in a map surface. GIS enables depiction of
various themes in the form of map coverage (shape files) and overlay of maps for analysis, drawing conclusions
and facilitating decision-making.

Hazard

The potential occurrence of a natural or human-induced physical event that may cause loss of life, injury, or other
health impacts, as well as damage and loss to property, infrastructure, livelihoods, service provision, and environmental
resources.

Human security

Human security can be said to have two main aspects. It means, first, safety from such chronic threats as hunger,
disease, and repression. And second, it means protection from sudden and hurtful disruptions in the patterns of
daily life - whether in homes, in jobs, or in communities. Such threats can exist at all levels of national income and
development.

Hydrological cycle (also referred to as water cycle)

The cycle in which water evaporates from the oceans and the land surface, is carried over the Earth in atmospheric
circulation as water vapor, condenses to form clouds, precipitates again as rain or snow, is intercepted by trees
and vegetation, provides runoff on the land surface, infiltrates into soils, recharges groundwater, and/or discharges
into streams and flows out into the oceans, and ultimately evaporates again from the oceans or land surface. The
various systems involved in the hydrological cycle are usually referred to as hydrological systems.

Impacts

Effects on natural and human systems. In the current report, the term ‘impacts ‘is used to refer to the effects on
natural and human systems of physical events, of disasters and of climate change.

Land use and land use change

Land Use (LU) refers to the total of arrangements, activities, and inputs people undertake in a certain Land Cover
(LC) type to produce, change or maintain it. Definition of land use in this way establishes a direct link between land
cover and actions of people in their environment. The term land use is also used in the sense of social and economic
purposes for which land is managed (e.g., grazing, plantation and conservation). Land use change (LCCS) refers
to the study of a change in use or management of  land by humans, which may lead to a change in landcover. Land
cover and land use change may have an impact on surface albedo, evapotranspiration, sources and sinks of
greenhouse gases, or other properties of climate system and may thus have radiative forcing and/or other impacts
on climate, locally or globally.

Land Cover

It is the observed (bio)-physical cover on the earth’s surface viz., forest, lake, desert, etc.
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LGP

Crop growing period is the time frame when soil moisture is adequate to support crop/ plant growth. Growing
period starts when precipitation (P) exceeds 0.5 PET and ends with utilization of assumed quantum of soil moisture
(100mm) after P falls below PET.

LGP - SOS & EOS

In digital analysis of Vegetation Index (NDVI) for LGP related studies, Start of Season (SOS) is assumed when
green-up phase starts and End of Season (EOS) is assumed when NDVI falls below threshold value. In Agronomy
Start of Season (SOS) is considered to begin with sowing and End of Season (EOS) corresponds with physiological
maturity.

Mitigation (of disaster risk and disaster)

The lessening of potential adverse impacts of physical hazards (including those that are human-induced) through
actions that reduce hazard, exposure, and vulnerability.

Mitigation (of climate change)

A human intervention to reduce the sources or enhance the sinks of greenhouse gases.

Modes of climate variability

Natural variability of the climate system, in particular on seasonal and longer time scales, predominantly occurs
with preferred spatial patterns and time scales, through the dynamical characteristics of the atmospheric circulation
and through interactions with the land and ocean surfaces. Such patterns are often called regimes, modes, or tele-
connections. Examples are the El Nino-Southern Oscillation (ENSO) and the Indian Monsoon system.

Monsoon

A monsoon is a tropical and subtropical seasonal reversal in both the surface winds and associated precipitation,
caused by differential heating between a continental-scale land mass and the adjacent ocean. In India southwest
monsoon brings rains to the land mass during June-July and withdraws by end Sept. - October. The withdrawing
monsoon brings rain to coastal regions of Andhra Pradesh and Tamil Nadu and is called the northeastern monsoon
occurring during November - January.

MODIS - TERRA

NASA operated sensor Moderate Resolution Imaging Spectro-radiometer (MODIS) on board TERRA and
AQUA earth observation research satellites with a sweeping swath of 2330 km wide and covering the earth in 1-
2 days in 36 discreet spectral bands supplemented earth observation seamlessly with a resolution of 250m NDVI
dataset (http://terra.nasa.gov/). MODIS data has been found to be ideal for monitoring large-scale changes in the
biosphere. MODIS (16-day 250m) NDVI composite products are freely available from Land Processes -
Distributed Active Archive Centre (LPDAAC) website of USGS <http://mrtweb.cr.usgs.gov/>. NDVI data is
available from February 2000 onwards till date.

NDVI

Normalized Difference Vegetation Index (NDVI) derived from 2-band information (Red and Near-infra Red) of
multi-spectral imagery of a satellite data is a contrast –stretch ratio calculated from Red and Near –Infrared band
(NIR) bands of sensors like LANDSAT – TM; AVHRR; IRS-1B, 1C, 1D, P6 satellite based sensors LISS-3 /
LISS-4 and MODIS-TERRA besides several others. NDVI is calculated as (band 2-band 1) / (band 2 + band 1)
with Red reflectance in Band 1 and NIR reflectance in Band 2. NDVI takes advantage of typical low reflectance
values of vegetation in the Red wavelength range which corresponds with chlorophyll absorption and high reflectance
values in NIR range which signifies leaf structure, thereby enhancing the contrast between vegetated, un-vegetated
and sparsely vegetated areas.
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NOAA-AVHRR

AVHRR space-borne sensor of NOAA polar-orbiting satellites series 7, 9, 11, 14, 16 and 17 for the period 1981
till 2006 provides MSS and NDVI data. AVHRR NDVI data product is a part of the GIMMS dataset. The data
was corrected for calibration, view geometry, volcanic aerosols and other effects not related to vegetation change
and are made available for download from Global Land Cover Facility (GLCF) website at www.landcover.org
(http://www.glcf. umd.edu/ data/gimms/ as 15-day Maximum-Value Composite).

Projection

A projection is a potential future evolution of a quantity or set of quantities, often computed with the aid of a model.
Projections are distinguished from predictions in order to emphasize that projections involve assumptions concerning,
for e.g., future socio-economic and technological developments that may or may not be realized and are therefore
subject to substantial uncertainty.

Radiative forcing

Radiative forcing is the change in the net, downward minus upward, irradiance (expressed in W m–2) at the
tropopause due to a change in an external driver of climate change, such as, a change in the concentration of
carbon dioxide or the output of the Sun. Radiative forcing is computed with all tropospheric properties held fixed
at their unperturbed values, and after allowing for stratospheric temperatures, if perturbed, to readjust to radiative-
dynamical equilibrium. Radiative forcing is called instantaneous if no change in stratospheric temperature is accounted
for. Radiative forcing can affect satellite based remote sensing.

Raster map

Raster is one of the two data model used in GIS to represent geographic features. In raster model, features are
represented as a matrix of cells in continuous space.

Resilience

The ability of a system and its component parts to anticipate, absorbs, accommodate, or recover from the effects
of a hazardous event in a timely and efficient manner, including through ensuring the preservation, restoration, or
improvement of its essential basic structures and functions.

Scenario

A plausible and often simplified description of  how the future may develop based on a coherent and internally
consistent set of assumptions about driving forces and key relationships. Scenarios may be derived from projections,
but are often based on additional information from other sources.

Semi-arid

A climatic condition when precipitation (rainfall) fluctuates from year to year and mean monthly rainfall is <PET
except for a brief period when rainfall exceeds or is equal to PET in the year with nil water surplus. In India
semi-arid ecosystems are classified as dry and moist semi-arid based on duration of availability of moisture.

Sub-humid

An environment wherein precipitation (rainfall) is almost assured and exceeds the PET for a considerable period of
time in a year with moderate to large seasonal water surplus. Mean annual rainfall in such ecosystems in India
ranges from >1000 to 1600mm. The ecosystem is further divided into dry and moist sub-humid ecosystems.

Soil moisture

Water stored in or at the land surface and available for evapo-transpiration. In rainfed regions, stored soil moisture
can protect crop from withering during long dry-spells. It can also help crop at the stage of maturity after abrupt
cessation of monsoon rainfall.
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Sustainable development

Development that meets the needs of the present without compromising the ability of  future generations to meet
their own needs.

State

Administrative unit-A constituent of  Indian Federal system with elected legislature and government.

Transpiration

The evaporation of water vapour from the surfaces of  leaves through stomata.

Transformation

The altering of fundamental attributes of a system viz., value systems; regulatory, legislative or bureaucratic regimes;
financial institutions; and technological or biological systems.

Tropical cyclone

General term for a strong, cyclonic-scale disturbance that originates over tropical oceans. Distinguished from
weaker systems (often named tropical disturbances or depressions) by exceeding a threshold windspeed. A tropical
storm is a tropical cyclone with one-minute average surface winds between 18 and 32 m/sec. Beyond 32 m/sec.,
a tropical cyclone is called a hurricane, typhoon, or cyclone, depending on geographic location.

Typology

Process of identifying patters of similar spaces / inter-linkages. Agricultural typologies are systems or zones that
are fairly contiguous and represent a unique combination of crop, weather, climate and livestock activities.

Uncertainty

An expression of the degree to which a value or relationship is unknown. Uncertainty can result from lack of
information or from disagreement about what is known or even knowable. Uncertainty may originate from many
sources, such as quantifiable errors in the data, ambiguously defined concepts or terminology, or uncertain projections
of  human behaviour. Uncertainty can therefore be represented by quantitative measures, for example, a range of
values calculated by various models, or by qualitative statements, for example, reflecting the judgment of a team of
experts.

Vector map

In vector model of GIS, each feature is a row in a table, and feature shapes are defined by x, y locations in the
space. GIS connects the dots to draw lines and outlines called vector map.

Vulnerability

The propensity or predisposition to be adversely affected.

____________

1. Reflecting the diversity of the communities involved in this assessment and progress in science, several of the
definitions used in this Special Report differ in breadth or focus from those used in the Fourth Assessment
Report and other IPCC reports.

2. This definition differs from that in the United Nations Framework Convention on Climate Change (UNFCCC),
where climate change is defined as: “a change of climate which is attributed directly or indirectly to human
activity that alters the composition of the global atmosphere and which is in addition to natural climate variability
observed over comparable time periods.” The UNFCCC thus makes a distinction between climate change
attributable to human activities altering the atmospheric composition, and climate variability attributable to
natural causes.
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Annexure-1
Typology of vulnerable districts based on area under agriculture

Agricultural Area 
(% Total District 
area)/ AESR No/
Bio-climate based 
on Thorthwaite MI/
Physiography
*(NBSS&LUP, 1999)

Vulnerable 
districts

Actual 
area 

under 
agri.(%) 
* (www.
bhuvan.
nrsc.gov.

in )

Major crops grown 
(area 000 ha)
(K-Kharif, R-Rabi, 
Z-Zaid)
*CRIDA (Crop 
contingency planning)

LGP (in days) Livestock component 
*(Census 2007)
Cow-C, Buffalo-B, 
Sheep-S, Goat-G, 
Poultry-P (in lacs)

Estim-
ated 
from 

MODIS 
-NDVI

Based 
on MI 
(AICR 
PAM)

25-50/2.3/ Arid/
Rajasthan Plains 
& NW Gujarat & 
Punjab Plain

Rajsamand 
(Rajasthan)

37 maize (K-59.5), wheat 
(R-34.4)

60-120 105 C (2.8), B (2.2), S (1.2), 
G (5.1), P (0.2)

25-50/2.1/ Arid/
Western Rajasthan 
Plain

Jaisalmer 
(Rajasthan)

28 cluster bean (K-295.9), 
pearl millet (K-132),  
rapeseed mustard 
(R-66.3), chick pea 
(R-33.5) 

50-95 15 C (3.4), B (0.02), S 
(13.03), G (11.3), P (0.1)

25-50/2.3/ Arid/
Rajasthan Plains 
& NW Gujarat & 
Punjab Plain

Udaipur 
(Rajasthan)

30 maize (K-193.4), 
wheat (R-79.3)

60-120 119 C (9.4), B (5.2),  
S (1.6), G (10.9), P (4.5)

Sirohi 
(Rajasthan)

44 castor (K-52.3), maize 
(K-27.4)

60-120  NA C (2.02), B (1.6),  
S (2.4), G (3.4), P (0.4)

25-50/2.2/ Arid/
Western Rajasthan 
Plain, Kachchh & 
part of Kathiawar

Kachchh 
(Gujarat)

26 pearl millet (K-72.8), 
green gram (K-68.8), 
castor (K-56.8), 
groundnut (K-46.5)

50-95  NA C (3.8), B (2.2),  
S (5.7), G (4.8), P (0.2)

25-50/4.1/ Semi-arid/ 
Northern Punjab 
Plain, Ganga-Yamuna 
river plains & 
Rajasthan Upland

Sheopur 
(Madhya 
Pradesh)

32 pearl millet (K-16.8) 80-120  NA C (2.8), B (1.2),  
S (0.03), G (1.2),  
P (0.2)

Karauli 
(Rajasthan)

46 pearl millet (K-117.3) 80-120 132 C (1.1), B (3.9), S 
(0.54), G (3.8), P (0.1)

25-50/4.2/ Semi-arid/
North Gujarat Plain, 
Aravalli range and 
Eastern Rajasthan 
Upland

Dungarpur 
(Rajasthan)

50 maize (K- 73), wheat 
(R-41)

80-120 123 C (4.2), B (2.3), S 
(1.06),  
G (3.9), P (1.5)

25-50/7.1/ Semi-
arid/Rayalseema & 
Eastern Ghats

Cuddapah 
(Andhra 
Pradesh)

44 groundnut (K-141), 
sunflower (R-93.5), 
chick pea (R-72), 
paddy (K-65)

90-140  NA C (1.9), B (5.07), S 
(13.9), G (4.7), P (14.1)

25-50/18.2/ Semi-
arid, North Tamil 
Nadu Coastal Plains

Nellore 
(Andhra 
Pradesh)

50 paddy (K-64.6, 
R-191.5)

100-150  NA C (1.8), B (7.6), S  
(19.8), G (3.6), P (16.8)

50-75/3/ Arid/Deccan 
Plateau

Anantapur 
(Andhra 
Pradesh)

72 groundnut (K-840), 
chick pea (R-65), 
paddy (K-26,R-15), 
pigeon pea (K-41), 
sorghum (R-33)

60-120  NA C (9.1), B (5.3), S 
(32.1),  
G (9.09), P (16.9)

50-75/2.1/ Arid/
Western Rajasthan 
Plain

Bikaner 
(Rajasthan)

58 cluster bean (K-884.6), 
moth bean (K-275), 
pearl millet (K-256.8), 
chick pea (R-171.7), 
groundnut (K-63.1), 
wheat (R-58.9),  
rapeseed mustard 
(R-42.2)

50-95 36 C (6.7), B (1.3), S (7.9), 
G (9.09), P (0.1)
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Jodhpur 
(Rajasthan)

73 pearl millet (K-675.9), 
cluster bean (K-158), 
green gram (K-117.2), 
moth bean (K-84.04)

50-95 32 C (6.5), B (2.6), S (9.7),  
G (14.02), P (0.1)

50-75/2.3/ Arid, 
Rajasthan Plains 
& NW Gujarat & 
Punjab Plain

Ajmer 
(Rajasthan)

61 sorghum (K-143), 
pulses (K-86.7)

60-120 95 C (3.9), B (3.3), S 
(5.02),  
G (7.7), P (15.8)

Pali 
(Rajasthan)

69 pearl millet (K-106.4), 
cluster bean (K-154.8), 
wheat (R-110), green 
gram (K-119), barley 
(R-100)

60-120 83 C (3.5), B (3.1), S (9.2),  
G (7.01), P (0.5)

50-75/8.1/ Semi-arid/
Tamil Nadu Uplands

Tirunelveli 
(Tamil Nadu)

65 paddy (K-22.5,R-64.7) 80-140 229 C (8.6), B (1.1), S 
(3.02),  
G (4.6), P (5.01)

50-75/8.3/ Semi-arid/
Tamil Nadu Uplands 
& plains

Erode(Tamil 
Nadu )

54 sugarcane (K-41.9), 
paddy (R-38.3), 
groundnut (K-31.4)

110-150 164 C (9.6),B (2.4), S (2.9),  
G (5.3), P (67.1)

Sivaganga 
(Tamil Nadu) 

74 paddy (R-76.7) 110-150  NA C (2.9), B (0.07), S 
(5.4),  
G (2.2), P (15.04)

50-75/8.2/ Semi-arid/
Central Karnataka 
Plateau

Chikmagalur 
(Karnataka)

54 finger millet (K-55.5), 
paddy (K-42,Z-3) 

120-150 232 C (2.8), B (1.9), S (4.7),  
G (0.7), P (3.1)

Bangalore 
–Rural 
(Karnataka)

71 finger millet (K-44.2) 120-150 176 C (4.3), B (0.9), S 
(0.02),  
G (0.9), P (2.6)

Hassan 
(Karnataka)

72 paddy 140-150 NA C (7.3), B (2.4), S (1.3),  
G (1.3), P (5.1)

50-75/8.3/ Semi-arid/ 
Tamil Nadu Uplands 
& plains

Kolar 
(Karnataka)

75 finger millet (K-61.5) 110-150 182 C (3.6), B (0.4), S 
(0.57),  
G (0.8), P (4.2)

50-75/7.1/ Semi-
arid/ Rayalseema & 
Eastern Ghats

Bellary 
(Karnataka)

72 paddy (K-105.4,Z-
105.4), sunflower 
(K-31.4,Z-86.7), maize 
(K-53.2,R-41.7), 
groundnut(K-15.7,R-
57.0), sorghum(K-
19.5, R-38.9), chick 
pea(K-21.5,R-32.2)

90-140 103 C (2.9), B (1.7), S (5.5),  
G (2.7), P (2.59)

50-75/5.2/ Semi-arid/
Central Highland, 
Malwa plateau & 
Eastern Gujarat plain

Dahod 
(Gujarat)

69 maize (K-102,R-33), 
paddy (K-90.6), wheat 
(R-65.3), chick pea 
(R-56.7), soybean 
(K-36)

110-150  NA C (5.8), B (2.8), S 
(0.05), G (5.05), P (5.9)

50-75/5.1/ Semi-arid/
Central Kathiawar 
Peninsula

Bhavnagar 
(Gujarat)

72 cotton (K-306.2), 
groundnut (K-103, 
Z-22), pearl millet 
(K-47.9), wheat 
(R-33.9)

90-135 140 C (3.4), B (3.3), S (2.5), 
G (1.9), P (12.5)

50-75/4.2/ Semi-arid/
North Gujarat Plain, 
Aravalli range and 
Eastern Rajasthan 
Upland

SabarKantha 
(Gujarat)

74 maize (K-112), cotton 
(K-92.4), wheat 
(R-88.4), groundnut 
(K-57.8), pulses 
(K-42.5), castor (K-42)

100-150 NA C (6.2), B (7.7), S 
(0.66), G (3.4), P (4.01)

50-75/4.4/ Semi-arid/
Central Highlands

Gwalior 
(Madhya 
Pradesh)

56 wheat (R-87),  
rapeseed mustard 
(R-55.6)

100-150 144 C (2.2), B (2.5), S 
(0.03), G (3.2), P (0.2)
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50-75/5.2/  Semi-
arid/Central 
Highland, Malwa 
plateau & Eastern 
Gujarat plain

Indore 
(Madhya 
Pradesh)

70 soybean (K-219.8), 
wheat (R-127.2), chick 
pea (R-32.2)

110-150 148 C (2.7), B (2.2), S 
(0.006), G (0.9), P (0.7)

50-75/4.2/ Semi-arid/
North Gujarat Plain, 
Aravalli range and 
Eastern Rajasthan 
Upland

Neemuch 
(Madhya 
Pradesh)

51 soybean (K-120.3), 
maize (K-27.3), wheat 
(R-27.9)

80-120 139 C (2.6), B (1.3), S (0.5), 
G (1.2), P (0.1)

50-75/4.4/ Semi-arid/
Central Highlands

Shivpuri 
(Madhya 
Pradesh)

55 soybean (K-112), 
wheat (R-104),  
rapeseed mustard 
(R-90.12), maize 
(K-34), groundnut 
(K-71), chick pea 
(R-70)

100-150  NA C (7.00), B (3.7), G 
(3.6), P (0.7)

Sagar
(Madhya 
Pradesh)

60 soybean (K-254.9), 
wheat (R-180), chick 
pea (R-197), green 
gram (R-66)

100-150 161 C (8.8), B (2.4), S 
(0.021), G (1.3), P (0.2)

50-75/5.2/ Semi-arid/
Central Highland, 
Malwa plateau & 
Eastern Gujarat plain

Barwani 
(Madhya 
Pradesh)

54 cotton (K-54.6), 
sorghum (K-46.6), 
wheat (34.4), maize 
(K-32.6), soybean 
(K-29.7)

110-150 152 C (3.8), B (1.2), S (0.1), 
G (3.1),P (5.9)

Dewas 
(Madhya 
Pradesh)

63 soybean (K-295.9), 
chick pea (K-109.2), 
wheat (R-53.5), cotton 
(R-32.6)

110-150 150 C (4.2), B (2.4), S 
(0.003), G (1.3), P (0.7)

Jhabua 
(Madhya 
Pradesh)

70 maize (K-113.5), black 
gram (K-65.3), cotton 
(K-34.9), soybean 
(R-37), wheat (R-38)

110-150 142 C (7.0), B (2.6), S 
(0.03), G (5.1), P (9.5)

West Nimar 
(Madhya 
Pradesh)

61 soybean (K-154.8), 
cotton (K-75.8), wheat 
(R-56)

110-150 154 C (5.4), B (1.9), S 
(0.05), G (3.0), P (3.1)

East Nimar 
(Madhya 
Pradesh)

55 soybean (K-154.8), 
cotton (K-75.8), wheat 
(R-56)

110-150 161 C (4.2), B (1.3), S (0.1), 
G (1.9), P (1.0)

Mandsaur 
(Madhya 
Pradesh)

75 soybean (K-262), chick 
pea (R-53), wheat 
(R-45), maize (K-35),  
rapeseed mustard 
(R-31)

110-150 142 C (3.4), B (2.1), S (0.2), 
G (1.8), P (0.3)

50-75/6.2/  Semi-
arid/ Central 
&Western 
Deccan Plateau 
in Maharashtra, 
Karnataka & 
Telangana

Dhule 
(Mahara shtra)

65 cotton (K-115), pearl 
millet (K-104.7), 
groundnut (K-35.8), 
wheat (R-36), maize 
(K-34.7)

110-150 175 C (4.07), B (1.03), S 
(0.9), G (2.8), P (3.4)

50-75/4.1/  Semi-
arid/ Northern Punjab 
Plain, Ganga-Yamuna 
river plains & 
Rajasthan Upland

Morena 
(Madhya 
Pradesh)

62 rapeseed mustard 
(R-165), pearl millet 
(K-86), wheat (R-86.3)

80-120 137 C (1.6), B (4.4), S 
(0.100), G (2.1), P (0.1)
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50-75/4.3  Semi-arid/ 
Gangetic Plains

Hamirpur 
(Uttar 
Pradesh)

69 pulses (R-160.9), 
wheat (R-105.84), 
oilseeds (K-31,R-47)

100-150  NA C (2.5), B (1.3), S 
(0.26), G (1.2), P (0.6)

50-75/4.4/  Semi-
arid/ Central 
Highlands

Mahoba (Uttar 
Pradesh)

72 wheat (R-71.9), chick 
pea (R-65.4), sesame 
(K-30.6), masoor 
(K-28.6)

100-150  NA C (2.05), B (1.3), S 
(0.2), G (1.8), P (0.67)

Jhansi (Uttar 
Pradesh)

63  maize 100-150 NA  C (2.7), B (2.3), S (0.5), 
G (2.5), P (1.4)

50-75/7.1/  Semi-
arid/ Rayalseema & 
Eastern Ghats

Kurnool 
(Andhra 
Pradesh)

66 chick pea (R-240), 
groundnut (K-224), 
sunflower (K-65,R-
80), paddy (K-85,R-
30), sorghum (R-72), 
pigeon pea (K-42), 
cotton (K-40)

90-140  NA C (5.2),B (6.4), S (4.6), 
G (6.0), P (12.2)

50-75/7.3/  Semi-
arid/ Eastern Ghats

Prakasam 
(Andhra 
Pradesh)

55 chick pea (R- 153), 
paddy (R-128), 
pigeon pea (K-72), 
tobacco (R- 69), cotton 
(K-14,R-16)

80-140  NA C (1.1), B (12.7), S 
(19.4), G (4.3), P (11.0)

50-75/7.2/  Semi-
arid/ Northern 
Telangana plateau

Mahbubnagar 
(Telangana)

72 maize (K-393), castor 
(K-139), paddy 
(K-123), groundnut 
(K-87), pigeon pea 
(K-82), sorghum 
(K-56,R-20), cotton 
(K-61)

110-160  NA C (8.7), B (4.6), S (9.2), 
G (6.8), P (15.3)

50-75/4.2/  Semi-
arid/ North Gujarat 
Plain, Aravalli 
range and Eastern 
Rajasthan Upland

Chittaurgarh 
(Rajasthan)

55 maize (K- 187.6), 
soybean (K-140.5), 
wheat (R-122.3), 
rapeseed mustard 
(R-81.9)

80-120 131 C (7.6), B (4.7), S (0.8), 
G(6.7), P (1.0)

Bundi 
(Rajasthan)

55 wheat (R-117.8), 
rapeseed  mustard 
(R-84.2), soybean 
(K-76.4), maize 
(K-32.6)

80-120 126 C (2.7), B (2.8), S (0.5), 
G (3.6), P (0.3)

Sawai 
Madhopur 
(Rajasthan)

65 rapeseed mustard 
(R-308.7), pearl 
millet (K-65.7), wheat 
(R-53.4)

80-120 132 C (1.1), B (2.5), S (0.7), 
G (4.1), P (0.2)

Banswara 
(Rajasthan)

61 maize (K-143.4), 
wheat (R-90.8), paddy 
(K-35.8)

80-120 138 C (6.4), B (2.7), S (0.1), 
G (4.5), P (3.3)

Bhilwara 
(Rajasthan)

58 maize (K- 182.1), 
wheat (R- 81.5), 
black gram (K- 39.2), 
sorghum (K-30.9), 
cluster bean (K-36.9),  
rapeseed mustard 
(R-35.9), barely 
(R-35.9), sesame 
(K-26.1)

80-120 118 C (5.8), B (3.0), S (4.3), 
G (7.0), P (1.2)
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50-75/5.2/  Semi-
arid/ Central 
Highland, Malwa 
plateau & Eastern 
Gujarat plain

Jhalawar 
(Rajasthan)

58 soybean (K-236.7), 
coriander (R-96.9), 
wheat (R-58.8), 
rapeseed  mustard 
(R-38), maize (K-37.5)

110-150 146 C (4.3), B (2.9), S (0.1), 
G (3.7), P (0.5)

Baran 
(Rajasthan)

54 soybean (K-208.7), 
rapeseed  mustard 
(R-108.4), wheat 
(R-95.8), coriander 
(R-90.6)

110-150 146 C (3.5), B (2.2), S (0.1), 
G (2.6), P (0.5)

Kota 
(Rajasthan)

60 soybean (K-192.2), 
rapeseed  mustard 
(R-90.8), wheat 
(R-86.6), coriander 
(R-49.1)

110-150 143 C (2.4), B (2.2), S (0.2), 
G (2.1), P (0.3)

50-75/2.1/  Semi-
arid/ Western 
Rajasthan Plain

Barmer 
(Rajasthan)

71 pearl millet (K-929.5), 
cluster bean (K-346.6)

50-95 44 C (6.3), B (1.5), S 
(13.7), G (22.2), P (0.1)

50-75/4.1/  Semi-
arid/Northern Punjab 
Plain, Ganga-Yamuna 
river plains & 
Rajasthan Upland

Dhaulpur 
(Rajasthan)

56 rapeseed mustard 
(R-124.5), pearl millet 
(K-69.9)

80-120 136 C (0.6), B (3.1), S 
(0.06), G (1.4) ,P (0.05)

Jaipur 
(Rajasthan)

70 pearl millet (K- 295.7),  
rapeseed mustard 
(R-137.9), wheat 
(R-136.8), pulses 
(K-84.5), barley 
(R-51.6), groundnut 
(K-46.2), chick pea 
(R-28.9)

80-120 115 C (5.0), B (9.4), S (3.4), 
G (10.1), P (3.4)

Alwar 
(Rajasthan)

69 pearl millet (K-232) 80-120 119 C (1.9), B (9.7), S 
(99945), G (7.0), P (2.9)

50-75/6.1 / Semi-
arid/ Southwest 
Maharashtra & North 
Karnataka Plateau 

Pune 
(Maharashtra)

63 sorghum (R- 430.7), 
sugarcane (R-85.6), 
paddy (K-61.2), wheat 
(R-60.9), chick pea 
(R-47.4), pearl millet 
(K-34.5), groundnut 
(K-33.1)

90-130 197 C (11.9), B (2.9), S 
(0.5), G (5.3), P (5.9)

Satara 
(Maharashtra)

64 sorghum (R-138.4), 
sugarcane (R-53.6), 
pearl millet (K-86.5), 
groundnut (K-56.4), 
sorghum (K-56.4), 
paddy (K-43.5), wheat 
(R-41), chick pea 
(R-28.6)

90-130 184 C (5.1), B (3.4), S (1.6), 
G (3.9), P (15.0)

50-75/6.2/  Semi-arid 
/ Central & Western 
Deccan Plateau 
in Maharashtra, 
Karnataka 
&Telangana

Nasik 
(Maharashtra)

68 pearl millet (K-275.7), 
maize (K-69.2), wheat 
(R-75.8), paddy 
(K-50.3), chick pea 
(R-43.2), groundnut 
(K-38.5), finger millet 
(K-36.5), sugarcane 
(K-28), soybean 
(K-28.7)

110-150 116 C (11.5), B (2.4), S 
(0.004), G (6.4), P (11.1)
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50-75/5.2/  Semi-
arid/ Central 
Highland, Malwa 
plateau & Eastern 
Gujarat plain

Nandurbar
(Maharashtra)

58 cotton (K-53.3), 
sorghum (K-46.1), 
paddy (K-26.7)

110-150 146 C (4.3), B (0.9), S (0.1), 
G (3.2), P (9.9)

50-75/9.2/  Hot Dry 
Sub-humid/ Eastern 
UP and Bihar Plain

Gaya (Bihar) 73 paddy (K-177.5), 
wheat (R-81.5)

140-180  NA C (0.007), B (0.003), G 
(0.004) P (0.004)

Nawada 
(Bihar)

69 paddy (K- 85.9), wheat 
(R- 48.01)

140-180  NA C (0.004), B (0.001), G 
(0.002), P (0.003)

50-75/11/Hot 
Dry Sub-humid/ 
Chhattisgarh-
Mahanadi Basin

Nabarangpur 
(Odisha)

61 paddy (K-158.93), 
maize (K-46.53)

120-150  NA C (3.9), B (0.4), S (0.6), 
G (0.7), P (0.7)

50-75/10.1/  Hot Dry 
Sub-humid/  Malwa 
plateau, Vindhyan 
range & Narmada 
valley

Guna 
(Madhya 
Pradesh)

63 soybean (K-182.6) 120-180 152 C (3.7), B (2.0), S (0.1), 
G (1.4), P (0.5)

50-75/10.4/   Hot 
Moist Sub-humid/ 
Central ranges 
(Satpura, MP)

Seoni 
(Madhya 
Pradesh)

60 paddy (K-120.4), 
soybean (K-110.7), 
wheat (R-106.6), chick 
pea (R-45.9)

140-180  NA C (5.5), B (1.2), G (1.7), 
P (1.8)

Kawardha      
(Chhattisgarh)

54 paddy (K-80.1) 140-180  NA C (2.9), B (0.5), S (0.1), 
G (0.4), P (0.4)

>75/2.3/ Arid/ 
Rajasthan Plains 
& NW Gujarat & 
Punjab Plain

Hanumangarh 
(Rajasthan)

92 cluster bean/barely 
(K-247,R-48), paddy/
chick pea (R-291.8), 
cotton/wheat (K-70, 
R-178), cotton/ 
rapeseed mustard 
(R-248.1), pearl millet/
fodder (K-71.8), moth 
bean (K-46.6), mung 
bean (K-44.2)

60-120 48 C (4.0), B (3.2), S (2.8), 
G (2.7), P (1.7)

Churu 
(Rajasthan)

92 pearl millet (K-427.3), 
cluster bean (K-359.9), 
moth bean (K-267), 
chick pea (R-244.8)

60-120 69 C (2.5), B (2.1), S (4.5), 
G (9.1), P (0.8)

Jalor 
(Rajasthan)

79 pearl millet (K-357.8), 
mung bean (K-99.6), 
rapeseed mustard 
(R-77.6), cluster bean 
(K-63.5), isabgol 
(R-39.9), castor 
(K-36.2), moth bean 
(K-27.2)

60-120 70 C (2.9), B (4.1), S (6.3), 
G (5.4), P (0.1)

Jhunjhunun 
(Rajasthan)

80 pearl millet (K-267), 
cluster bean (K- 66), 
wheat (R-64), chick 
pea (R-88), rapeseed 
mustard (R-35), cow 
pea (K-31)

60-120 80 C (1.7), B (3.7), S (1.9), 
G (6.4), P (4.4)
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Nagaur 
(Rajasthan)

85 pearl millet (K-439), 
moth bean (K-224), 
mung bean (K-207), 
cluster bean (K-157), 
cumin (R-60.9),  
rapeseed mustard 
(R-127), wheat (R-72)

60-120 65 C (4.1), B (4.6), S (7.9), 
G (14.2), P (0.2)

Sikar 
(Rajasthan)

78 pearl millet (K-298), 
cluster bean (K-81), 
wheat (R-85), rapeseed  
mustard (R-80), cow 
pea (K-59), chick pea 
(R-38), barley (R-26)

60-120  NA C (2.5), B (5.1), S (3.1), 
G (11.5), P (1.7)

>75/2.1/ Arid/ 
Western Rajasthan 
Plain

Sriganganagar 
(Rajasthan)

83 rapeseed mustard 
(R-260.2), cluster 
bean (K-235.7), wheat 
(R-190.8), chick pea 
(R-120.2), barley 
(R-58.8), cotton 
(K-45.8), mung bean 
(K-34)

50-95  NA C (5.8), B (2.8), S (3.7), 
G (3.7), P (0.8)

>75/2.4/ Arid/
South Kachchh & N 
Kathiawar peninsula

Jamnagar 
(Gujarat)

77 groundnut (K-399), 
cotton (K-144), wheat 
(R-54), other cumin 
(R-34)

60-130  NA C (3.4), B (2.5), S (2.0), 
G (1.7), P (0.3)

Porbandar 
(Gujarat)

77 groundnut (K-91.9) 60-130  NA C (0.8), B (1.0), S (0.2), 
G (0.2), P (0.2)

Rajkot 
(Gujarat)

82 groundnut (K-331.8), 
cotton (K-311.5), 
wheat (R-100.1), 
sesame (K-34.8)

60-130  NA C (4.5), B (3.6), S (2.1), 
G (1.9), P (1.8)

Mahesana 
(Gujarat)

89 pearl millet (K-51.6), 
cotton (K- 45.1), castor 
(K-41)

60-130  NA C (2.1), B (5.6), S (0.1), 
G (0.8), P (1.1)

Patan 
(Gujarat)

87 cotton (K-83.3), pearl 
millet (K-80), rapeseed  
mustard (R-47.1), 
pulses (K-34.7), castor 
(K-30.7)

60-130  NA C (1.3), B (3.6), S (0.5), 
G (1.0), P (0.2)

Surendranagar 
(Gujarat)

83 cotton (K-448.7), 
sesame (K-76.6), 
cumin (R-64.5), pearl 
millet (K-41.2), wheat 
(R-36.5), castor (K-28)

60-130  NA C (3.4), B (2.9), S (1.3), 
G (1.9), P (0.01)

>75/2.3/ Arid/ 
Rajasthan Plains 
& NW Gujarat & 
Punjab Plain

BanasKantha 
(Gujarat)

82 pearl millet (K-176.3), 
castor (K-71.7), pulses 
(K-56.9)

60-120 96 C (6.6), B (9.5), S (1.6), 
G (3.0), P (2.7)

>75/3/ Arid/ Deccan 
Plateau

Koppal 
(Karnataka)

83 sunflower (K-75.8), 
paddy (K-36,R-35), 
sorghum (K-15,R-51), 
pearl millet (K-59), 
groundnut (K-29,Z-
21), maize (K-29.6)

60-120 117 C (2.2), B (0.1), S (6.7), 
G (1.9), P (2.3)
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Tumkur 
(Karnataka)

81 finger millet (K-192.1), 
groundnut (K-93.3), 
moth bean (K-39.3), 
paddy (K-33.5)

60-120 113 C (3.7), B (0.2), S (3.1), 
G (5.1), P (7.1)

Bagalkot 
(Karnataka)

79 sorghum (K-5,R-135), 
sugarcane (K-66,R-
16,Z-2), maize 
(K-44,R-20,Z-3)

60-120 112 C (3.3), B (2.5), S (8.9), 
G (4.3), P (3.4)

>75/7.2/ Semi-arid/
Northern Telangana 
plateau

Nalgonda 
(Telangana)

78 paddy (K-163.0,R- 
147.7), cotton 
(R-106.2), green 
gram (K-43.9), castor 
(K-39.4), pigeon pea, 
(R-37.5), groundnut 
(K-15.2,R-16.6)

110-160  NA C (5.5), B (8.2), S 
(17.8), G (5.0), P (23.4)

>75/5.2/ Semi-arid/
Central Highland, 
Malwa plateau & 
Eastern Gujarat plain

Ratlam 
(Madhya 
Pradesh)

79 soybean (K-198.1), 
maize (K-41.3), chick 
pea (R-53.1), wheat 
(R-46.1)

110-150 143 C (3.2), B (1.6), S 
(0.03), G (2.1), P (1.0)

Ujjain 
(Madhya 
Pradesh)

87 soybean (K-443.5), 
chick pea (R-163.3), 
wheat (R-98.7)

110-150 144 C (3.9), B (3.2), S 
(0.06), G (2.2), P (0.7)

Shajapur 
(Madhya 
Pradesh)

83 soybean (K-312), 
maize (K-46)

110-150  NA C (4.3), B (2.7), S 
(0.00003), G (1.7), P 
(0.2)

Dhar (Madhya 
Pradesh)

76 soybean (K-250.3), 
wheat (R-216.3), 
cotton (K-116.7), 
maize (K-59), chick 
pea (R-40.9)

110-150 146 C (5.9), B (2.3), S 
(0.009), G (4.0), P (5.2)

Rajgarh 
(Madhya 
Pradesh)

83 soybean (K-291.8), 
maize (K-43.9), 
sorghum (K-34.2), 
chick pea (R-78.9), 
wheat (R-50.1)

110-150 162 C (5.4), B (5.5), S (0.3), 
G (1.8), P (0.2)

>75/4.4/ Semi-arid/
Central Highlands

Datia 
(Madhya 
Pradesh)

83 wheat (R-135), sesame 
(K-34.3), chick pea 
(R-37.6)

100-150 147 C (1.4), B (1.8), S (0.4), 
G (1.5), P (0.1)

>75/4.3/  Semi-arid/
Gangetic Plains

Bhind 
(Madhya 
Pradesh)

85 rapeseed mustard 
(R-176.7), wheat 
(R-84.12), pearl millet 
(K-28.33)

100-150 140 C (1.5), B (3.1), S 
(0.06), G (2.1), P (0.8)

>75/6.2/ Semi-arid/
Central & Western 
Deccan Plateau 
in Maharashtra, 
Karnataka 
&Telangana

Aurangabad 
(Maharashtra)

82 cotton (K-243.2), 
sorghum (K-11,R-
155), maize (K-106.9), 
pearl millet (K-124.6), 
wheat (R-43.7), chick 
pea (R-43.2)

110-150 157 C (6,.4), B (0.9), S (0.9), 
G (3.5), P (2.7)

Jalna 
(Maharashtra)

92 cotton (K-209.5), 
sorghum (R-159.3), 
pearl millet (K-69.7), 
maize (K-58.9), green 
gram (K-44)

110-150 159 C (4.4), B (0.8), S 
(3.3),G (2.2), P (1.9)

Jalgaon 
(Maharashtra)

75 cotton (K-356.1), 
sorghum (K-172.1), 
maize (K-58.4), black 
gram (K-35.8)

110-150 177 C (6.2), B (3.0), S (3.0), 
G (4.2), P (2.4)
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Ahmednagar 
(Maharashtra)

80 sorghum (R-507.2), 
wheat (R-138.2), 
sugarcane (R-133.7), 
pearl millet (K-128.2), 
chick pea (R-90.5), 
soybean (K-55.5)

110-150 158 C (22.0), B (2.4), S 
(0.3), G (9.1), P (16.8)

>75/6.1/Semi-
arid/Southwest 
Maharashtra & North 
Karnataka Plateau 

Solapur 
(Maharashtra)

87 sorghum (R-707), 
wheat (R-58.9), 
chick pea (R-43.9), 
sunflower (K-37)

90-130  NA C (9.6), B (4.0), G (8.4), 
P (16.5)

Beed 
(Maharashtra)

82 sorghum (KR-298.3), 
pearl millet (K- 166.8), 
cotton (K-160.8), 
pigeon pea (K-53.3), 
soybean (K-51.4), 
wheat (R-52.7)
chick pea (R-39.6), 
sugarcane (R-39.2)

90-130 158 C (8.4), B (2.5), S 
(21.5), G (4.5), P (6.4)

Osmanabad 
(Maharashtra)

89 sorghum (K-73.7, 
R-243.7), pigeon pea 
(K-87.8), chick pea 
(R-65.2), black gram 
(K-51.6), soybean 
(K-30.5), wheat 
(R-38), sunflower 
(K-27.6, R-28.2)

90-130 155 C (4.9), B (1.6), S (5.2), 
G (1.9), P (2.3)

Sangli 
(Maharashtra)

81 sorghum (KR-256), 
pearl millet (K-95.6), 
soybean (K-82.6), 
sugarcane (R-55.7), 
groundnut (KR-40.1), 
wheat (R-30.6)

90-130 206 C (3.7), B (5.1), S (0.2), 
G (3.8), P (9.2)

>75/4.1/  Semi-arid/
Northern Punjab 
Plain, Ganga-Yamuna 
river plains & 
Rajasthan Upland

Bharatpur 
(Rajasthan)

84 rapeseed mustard 
(R-412.9), pearl millet 
(K-100.1), wheat 
(R-133.7)

80-120 126 C (1.2), B (4.7), S (0.8), 
G (2.1), P (0.8)

Dausa 
(Rajasthan)

76 pearl millet (K- 119.6),  
rapeseed mustard 
(R-85.9), wheat 
(R-77.4)

80-120 121 C (1.3), B (4.1), S (0.6), 
G (3.4), P (0.1)

>75/4.2/Semi-arid/ 
North Gujarat Plain, 
Aravalli range & 
Eastern Rajasthan 
Upland

Tonk 
(Rajasthan)

79 rapeseed mustard 
(R-240.4), sorghum 
(K-62.5), pulses 
(K-51.6), sesame 
(K-47.5), wheat (R-46)

80-120 124 C (2.4), B (3.1), S (2.5), 
G (3.9), P (0.6)

Anand 
(Gujarat)

84 paddy (K-88, R-2), 
wheat (R-53.7), pearl 
millet (K-29, Z-19)

80-120 148 C (1.4), B (4.0), S (0.1), 
G (0.7), P (45.9)

Ahmadabad 
(Gujarat)

85 cotton (K-175.2), 
wheat (R-150.2), 
paddy (K-108), chick 
pea (R-26.4)

80-120 141 C (2.1), B (3.4), S (0.2), 
G (1.2), P (4.5)

>75/5.1/  Semi-arid/ 
Central Kathiawar 
Peninsula

Amreli 
(Gujarat)

82 groundnut (K-252.3), 
cotton (K-227.1), 
wheat (R-39.3)

90-135 130 C (2.6), B (2.0), S (1.3), 
G (1.3), P (0.1)
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>75/5.3/  Semi-arid/ 
Coastal Kathiwar 
peninsula

Junagadh 
(Gujarat)

72 groundnut (K-423), 
wheat (R-188.1), 
cotton (K-42.5)

100-150  NA C (4.8), B (3.7), S (0.4), 
G (1.0), P (0.6)

>75/5.2/  Semi-arid/ 
Central Highland, 
Malwa plateau & 
Eastern Gujarat plain

PanchMahals 
(Gujarat)

80 maize (K-132,R-22), 
paddy (K-72.4)

110-150  NA C (5.8), B (6.1), S (0.3), 
G (4.4), P (4.8)

Vadodara 
(Gujarat)

79 cotton (K-177.4), 
pigeon pea (K-74.7), 
paddy (K-54.1), maize 
(K-52.4)

110-150  NA C (4.8), B (4.6), S (0.4), 
G (3.1), P (7.1)

>75/4.2/  Semi-arid/ 
North Gujarat Plain, 
Aravalli range & 
Eastern Rajasthan 
Upland

Gandhinagar 
(Gujarat)

86  pearl millet 80-120 NA C (1.4), B (3.6), S (0.1), 
G (0.4), P (1.8)

>75/6.2/  Semi-arid/ 
Central & Western 
Deccan Plateau 
in Maharashtra, 
Karnataka & 
Telangana

Bijapur 
(Karnataka)

93 sunflower (K-109, 
R-109, Z-3.4),  
sorghum (R-216.9), 
chick pea (R-158.3), 
pigeon pea (K-127), 
pearl millet (K-93.3), 
maize (K-24,R-6.4)

110-150 117 C (9.2), B (2.4), S 
(0.0005),G (4.5), P (3.1)

Gulbarga 
(Karnataka)

89 pigeon pea (K-385.2), 
sorghum (R-179), 
chick pea (R-121.5), 
sunflower (K-89), pearl 
millet (K-34.3)

110-150 154 C (7.9), B (1.9), S (0.9), 
G (7.5), P (9.0)

>75/3/  Semi-arid/ 
Deccan Plateau

Chitradurga 
(Karnataka)

76 groundnut (K-125.18), 
maize (K-84.74), 
finger millet (K-49.89), 
sunflower (K-30.11), 
sorghum (K-27.15)

60-120 94 C (2.6), B (1.0), S (1.4), 
G (3.6), P (2.6)

>75/8.2/  Semi-arid/ 
Central Karnataka 
Plateau

Davanagere 
(Karnataka)

76 maize (K- 176.2), 
paddy (K-63,Z-47)

120-150 184 C (5.0), B (1.6), S (3.8), 
G (1.5), P (3.8)

Mandya 
(Karnataka)

79 paddy (K-70.2,Z-20), 
finger millet (K-77, 
R-5,Z-2), sugarcane 
(K-25,R-3,Z-2)

120-150 120 C (6.6), B (1.9), S (2.5), 
G (2.4), P (5.4)

>75/6.1/Semi-
arid/ Southwest 
Maharashtra & North 
Karnataka Plateau 

Raichur 
(Karnataka)

87 paddy (K-94.4, 
Z-70.7), sunflower 
(K-67.8,R-91.3,Z-3.7), 
sorghum (K-0.70,R-
91.2,Z-0.4), chick 
pea (R-76.5), pearl 
millet (K-53.5, Z-08, 
groundnut (K-10.5, 
Z-28.7), cotton 
(K-26.6)

90-130 144 C (1.5), B (0.2), S (3.6), 
G(3.7), P (3.3)

>75/6.4/  Hot 
Dry Sub-humid / 
Northern Sahyadri & 
Western Karnataka 
Plateau

Gadag 
(Karnataka)

89 green gram (K-99.2), 
sorghum (R-74.2), 
groundnut (K-54.6), 
chick pea (R-43.5), 
maize (K-42.4)

135-160 136 C (2.7), B (0.2), S (3.3), 
G (1.7), P (0.9)
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Haveri 
(Karnataka)

83 maize (K-117.6), 
oilseeds (K-31,R-14, 
Z-11), sorghum (K-28, 
R-21), paddy (K-45.7), 
cotton(K-43.9)

135-160 190 C (3.9), B (0.4),S (0.7), 
G (1.5), P (3.8)

Dharwad 
(Karnataka)

85 cotton (K-11,R-60), 
chilli (K-51.4),chick 
pea (R-49.5), sorghum 
(K-11,R-37), maize 
(K-41.8), groundnut 
(K-41.1), wheat 
(R-38.3), paddy 
(K-32.8), soybean 
(K-27.5)

135-160 216 C (7.0), B (8.6), S (5.8), 
G (0.7), P (0.8)

Belgaum 
(Karnataka)

78 maize (K-101,R-
35,Z-4), sugarcane 
(K-137.63), soybean 
(K-103.84), groundnut 
(K-39.56)

135-160 206 C (1.7), B (0.8), S (0.2), 
G (6.1), P (6.3)

>75/9.2/  Hot Dry 
Sub-humid/Eastern 
UP and Bihar Plain

Jehanabad 
(Bihar)

91 paddy (K-57.7) 140-180  NA C (0.0008), B (0.001), G 
(0.0007), P (0.01)

>75/11/  Hot 
Dry Sub-humid/ 
Chhattisgarh-
Mahanadi Basin

Durg 
(Chhattisgarh)

76 paddy (K-439.6), 
lathyrus (R-95.8), 
chick pea (R-90.9), 
oilseeds (K-43.6), 
soybean (K-31.2)

120-150  NA C (11.5), B (1.4), S 
(0.0003), G (1.3), P (5.1)

Sources: *1 NBSS&LUP, 1999
  *2 www.bhuvan.nrsc.gov.in
  *3 CRIDA (Crop contingency planning)
  *4 Census 2007

Annexure-2

Typology of vulnerable districts based on Bio-climate (Thorthwaite’s Moisture Index, 1955)
AESR No/ Bio-
climate based 
on Thorthwaite 
MI/ State 
&Vulnerable 
districts
*(NBSS&LUP, 
1999)

Actual 
area  

under 
agri. 
(%)* 
(www.

bhuvan.
nrsc.gov.

in)

LGP (in days) Vulnerable crops
*CRIDA (Crop 
contingency planning)

Livestock 
component *(Census 
2007)
Cow -C, Buffalo -B, 
Sheep-S, Goat-G , 
Poultry-P (in lacs)

Normal 
LGP* 
(based 
on 
Water 
balance 
FAO, 
(1981)

Estimate 
from 

AVHRR 
- NDVI

Estimated 
from 

MODIS - 
NDVI

Based 
on MI 
(AICR 
PAM)

3/ Arid/ 
Karnataka
Bagalkot 79 60-90 60-90 60-120 112 sorghum, sugarcane, 

maize, onion, green 
gram, groundnut, 
chick pea

C (3.3), B (2.5), S 
(8.9), G (4.3), P (3.4)

Chitradurga 76 60-90 60-90 60-120 94 groundnut, finger 
millet, sunflower, 
pigeon pea, maize

C (2.6), B (1.0), S 
(1.4), G (3.6), P (2.6)

Koppal 83 60-90 60-90 60-120 117 maize, onion, 
sorghum, groundnut, 
paddy, sunflower

C (2.2), B (0.1), S 
(6.7), G (1.9), P (2.3)
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Tumkur 81 60-90 60-90 60-120 113 finger millet, 
groundnut, pigeon pea, 
paddy

C (3.7), B (0.2), S 
(3.1), G (5.1), P (7.1)

2.3/ Arid/ 
Rajasthan
Rajsamand 37 60-90 75-95 60-120 105 maize, sorghum C (2.8), B (2.2), S 

(1.2), G (5.1), P (0.2)
Ajmer 61 60-90 75-95 60-120 95 sorghum, cluster bean, 

green gram, cotton
C (3.9), B (3.3), S 
(5.0), G (7.7), P (15.8)

Sirohi 44 60-90 75-95 60-120  NA maize, soybean, paddy, 
pigeon pea

C (2.0), B (1.6), S 
(2.4), G (.34), P (0.4)

Churu 92 60-90 75-95 60-120 69 pearl millet, moth 
bean, cluster bean

C (2.5), B (2.1), S 
(4.5), G (9.1), P (0.8)

Jalor 79 60-90 75-95 60-120 70 pearl millet, moth 
bean, cluster bean, 
green gram, cluster 
bean

C (2.9), B (4.1), S 
(6.3), G (5.4), P (0.1)

Jhunjhunun 80 60-90 75-95 60-120 80 pearl millet, moth 
bean, cluster bean, 
green gram

C (1.7), B (3.7), S 
(1.9), G (6.4), P (4.4)

Nagaur 85 60-90 75-95 60-120 65 pearl millet, moth 
bean, cluster bean, 
green gram

C (4.1), B (4.6), S 
(7.9), G (14.5), P (0.2)

Pali 69 60-90 75-95 60-120 83 pearl millet, moth 
bean, cluster bean, 
green gram, sorghum, 
sesame

C (3.5), B (3.1), S 
(9.2), G (7.0), P (0.5)

Sikar 78 60-90 75-95 60-120  NA pearl millet, moth 
bean, cluster bean, 
green gram

C (2.5), B (5.1), S 
(3.1), G (11.5), P (1.7)

Udaipur 30 60-90 75-95 60-120 119 maize, sorghum, 
soybean, groundnut, 
black gram, green 
gram, sesame

C (9.4), B (5.2), S 
(1.6), G (10.9), P (4.5)

Hanumangarh 92 60-90 75-95 60-120 48 chickpea, wheat, 
rapeseed mustard

C (4.0), B (3.2), S 
(2.8), G (2.7), P (1.7)

2.1/ Arid/ 
Rajasthan

Sriganganagar 83 <60 40-60 50-95  NA chickpea, rapeseed 
mustard, wheat

C (5.8), B (2.8), S 
(3.7), G (3.7), P (0.8)

Bikaner 58 <60 40-60 50-95 36 pearl millet, moth 
bean, cluster bean, 
green gram

C (6.7), B (1.3), S 
(7.9), G (9.0), P (0.1)

Barmer 71 <60 40-60 50-95 44 pearl millet, moth 
bean, cluster bean, 
green gram

C (6.3), B (1.5), S 
(13.7), G (22.2), P 
(0.1)

Jaisalmer 28 <60 40-60 50-95 15 pearl millet, moth 
bean, cluster bean, 
green gram

C (3.4), B (0.02), S 
(13.0), G (11.3), P 
(0.1)

Jodhpur 73 <60 40-60 50-95 32 maize, cotton, paddy, 
chilli, sorghum, 
groundnut

C (6.5), B (2.6), S 
(9.7), G (14.0), P (0.1)

3/ Arid/ Andhra 
Pradesh
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Anantapur 72 60-90 60-110 60-120  NA groundnut C (9.1), B (5.3), S 
(32.1), G (9.0), P 
(16.9)

2.2/ Arid/ 
Gujarat
Kachchh 26 <60 40-60 50-95  NA cotton, wheat, 

groundnut, pulses, 
cumin, pearl millet

C (3.8), B (2.2), S 
(5.7), G (4.8), P (0.2)

2.3/Arid/Gujarat
Banas Kantha 82 60-90 75-95 60-120 96 pearl millet, castor, 

pulses, groundnut, 
cotton

C (6.6), B (9.5), S 
(1.6), G (3.0), P (2.7)

2.4/ Arid/ 
Gujarat
Mahesana 89 60-90 60-95 60-130  NA pearl millet, green 

gram, groundnut
C (2.1), B (5.6), S 
(0.1), G (0.8), P (1.1)

Patan 87 60-90 60-95 60-130  NA pearl millet, black 
gram, green gram, 
sesame

C (1,3), B (3,6), S 
(0.5), G (1.0), P (0.2)

Surendranagar 83 60-90 60-95 60-130  NA pearl millet, castor, 
cotton, sesame

C (3.4), B (2.9), S 
(1.3), G (1.9), P (0.01)

Jamnagar 77 60-90 60-95 60-130  NA pearl millet, castor, 
pulses, groundnut, 
cotton

C (3.4), B (2.5), S 
(2.0), G (1.7), P (0.3)

Porbandar 77 60-90 60-95 60-130  NA groundnut, cotton, 
pearl millet, sorghum

C (0.8), B (1.0), S 
(0.2), G (0.2), P (0.2)

Rajkot 82 60-90 60-95 60-130  NA groundnut, cotton, 
sesame, pulses

C (4.5), B (3.6), S 
(2.1), G (1.9), P (1.8)

5.3/Arid/ 
Gujarat
Junagadh 72 120-150 100-120 100-150  NA pearl millet, green 

gram, groundnut
C (4.8), B (3.7), S 
(0.4), G (1.0), P (0.6)

7.2/ Semi-arid /
Telangana

Nalgonda 78 120-150 90-130 110-160  NA paddy, cotton, green 
gram, castor , pigeon 
pea

C (5.5), B (8.2), S 
(17.8), G (5.0), P 
(23.4)

Mahbubnagar 72 120-150 90-130 110-160  NA paddy, pigeon pea, 
maize, castor, cotton

C (8.7), B (4.6), S 
(9.2), G (6.8), P (15.3)

18.2/Semi-arid/
Andhra Pradesh
Nellore 50 120-150 120-140 100-150  NA paddy, black gram, 

groundnut, sugarcane, 
sunflower

C (1.8), B (7.6), S  
(19.8), G (3.6), P 
(16.8)

7.3/Semi-arid/ 
Andhra Pradesh
Prakasam 55 150-180 70-110 80-140  NA paddy, cotton, pigeon 

pea, castor, maize, 
chick pea

C (1.1), B (12.7), 
S (19.4), G (4.3), P 
(11.0)

7.1/ Semi-arid / 
Andhra Pradesh
Cuddapah 44 90-120 80-100 90-140  NA groundnut, paddy, 

chickpea, sunflower, 
cotton

C (1.9), B (5.0), S 
(13.9), G (4.7), P 
(14.1)
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Kurnool 66 90-120 80-100 90-140  NA groundnut, sunflower, 
cotton, pigeon pea, 
castor, sorghum,  
chick pea

C (5.2),B (6.4), S 
(4.6), G (6.0), P (12.2)

8.1/ Semi-arid/ 
Tamil Nadu
Tirunelveli 65 90-120 70-110 80-140 229 paddy, maize, finger 

millet, sorghum, pearl 
millet, groundnut, 
sesame

C (8.6), B (1.1), S 
(3.0), G (4.6), P (5.0)

8.3/ Semi-arid/ 
Tamil Nadu
Sivaganga 74 120-150 80-130 110-150  NA groundnut, paddy, 

sesame, pulses, 
sugarcane

C (2.9), B (0.07), S 
(5.4), G (2.2), P (15.0)

Erode 54 120-150 80-130 110-150 164 groundnut, paddy, 
sorghum, maize, moth 
bean

C (9.6),B (2.4), S 
(2.9), G (5.3), P (67.1)

8.3/ Semi-arid/ 
Karnataka
Kolar 75 120-150 80-130 110-150 182 finger millet, 

groundnut, pigeon pea,  
paddy, maize

C (3.6), B (0.4), S 
(0.5), G (0.8), P (4.2)

6.1/ Semi-arid/
Karnataka
Raichur 87 90-120 80-110 90-130 144 paddy, sunflower, 

sorghum, chick pea, 
pearl millet

C (1.5), B (0.2), S 
(3.6), G(3.7), P (3.3)

8.2/ Semi-arid/
Karnataka
Hassan 72 120-150 100-140 140-150 NA maize, paddy, finger 

millet sunflower
C (7.3), B (2.4), S 
(1.3), G (1.3), P (5.1)

Chikmagalur 54 120-150 100-140 120-150 232 groundnut, maize, 
finger millet, field 
bean, moth bean

C (2.8), B (1.9), S 
(4.7), G (0.7), P (3.1)

Mandya 79 120-150 100-140 120-150 120 paddy, sugarcane, 
finger millet, maize, 
mulberry

C (6.6), B (1.9), S 
(2.5), G (2.4), P (5.4)

Davanagere 76 120-150 100-140 120-150 184 finger millet, maize, 
pigeon pea, groundnut, 
sunflower, cotton

C (5.0), B (1.6), S 
(3.8), G (1.5), P (3.8)

Bangalore 
–Rural 

71 120-150 100-140 120-150 176 finger millet, 
groundnut, pigeon 
pea, sunflower, paddy, 
maize

C (4.3), B (0.9), S 
(0.02), G (0.9), P (2.6)

6.2/ Semi-arid/ 
Karnataka

Bijapur 93 120-150 90-120 110-150 117 sunflower, sorghum, 
chick pea, pearl millet, 
maize, pigeon pea

C (9.2), B (2.4), S 
(0.0005),G (4.5), P 
(3.1)

Gulbarga 89 120-150 90-120 110-150 154 pigeon pea, pearl 
millet, sorghum, 
sunflower, chick pea

C (7.9), B (1.9), S 
(0.9), G (7.5), P (9.0)



144

7.1/ Semi-arid/ 
Karnataka

Bellary 72 90-120 80-100 90-140 103 paddy, cotton, maize, 
sorghum, groundnut, 
pearl millet

C (2.9), B (1.7), S 
(5.5), G (2.7), P (2.5)

5.2/ Semi-arid/ 
Gujarat

Dahod 69 120-150 100-130 110-150  NA maize, pigeon pea, 
paddy

C (5.8), B (2.8), S 
(0.05), G (5.0), P (5.9)

PanchMahals 80 120-150 100-130 110-150  NA maize, pigeon pea, 
castor

C (5.8), B (6.1), S 
(0.03), G (4.4), P (4.8)

Vadodara 79 120-150 100-130 110-150  NA pearl millet, pigeon 
pea, cotton, maize

C (4.8), B (4.6), S 
(0.04), G (3.1), P (7.1)

4.2/ Semi-arid/ 
Gujarat
Gandhinagar 86 90-120 80-100 80-120  NA  pearl millet C (1.4), B (3.6), S 

(0.1), G (0.4), P (1.8) 
SabarKantha 74 90-120 80-100 100-150  NA pigeon pea, black 

gram, green gram, 
groundnut

C (6.2), B (7.7), S 
(0.6), G (3.4), P (4.0)

Ahmadabad 85 90-120 80-100 80-120 141 cotton, paddy, wheat, 
chick pea, pearl millet

C (2.1), B (3.4), S 
(0.2), G (1.2), P (4.5)

Anand 84 90-120 80-100 80-120 148 wheat, cotton, 
groundnut, pearl 
millet, green gram

C (1.4), B (4.0), S 
(0.1), G (0.7), P (45.9)

5.1/ Semi-arid/ 
Gujarat
Amreli 82 90-120 60-110 90-135 130 paddy, pearl millet, 

tobacco, cotton
C (2.6), B (2.0), S 
(1.3), G (1.3), P (0.1)

Bhavnagar 72 90-120 60-110 90-135 140 pearl millet, castor, 
pulses, groundnut, 
cotton

C (3.4), B (3.3), S 
(2.5), G (1.9), P (12.5)

5.2/Semi-arid/
Madhya Pradesh
Shajapur 83 120-150 100-130 110-150  NA soybean, maize, wheat, 

chickpea, sorghum
C (4.3), B (2.7), S 
(39), G (1.7), P (0.2)

Dewas 63 120-150 100-130 110-150 150 soybean, cotton, 
maize, sorghum

C (4.2), B (2.4), S 
(0.003), G (1.3), P 
(0.7)

Jhabua 70 120-150 100-130 110-150 142 soybean, black gram, 
paddy, maize, cotton, 
tomato, chilli

C (7.0), B (2.6), S 
(0.03), G (5.1), P (9.5)

Mandsaur 75 120-150 100-130 110-150 142 soybean, black gram, 
maize, green gram, 
sesame

C (3.4), B (2.1), S 
(0.2), G (1.8), P (0.3)

Dhar 76 120-150 100-130 110-150 146 maize, cotton, 
soybean, black gram, 
paddy

C (5.9), B (2.3), S 
(0.009), G (4.0), P 
(5.2)

Indore 70 120-150 100-130 110-150 148 soybean, maize, wheat, 
chick pea

C (2.7), B (2.2), S 
(673), G (0.9), P (0.7)

Ujjain 87 120-150 100-130 110-150 144 soybean, maize, 
wheat,chick pea

C (3.9), B (3.2), S 
(0.06), G (2.2), P (0.7)
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Ratlam 79 120-150 100-130 110-150 143 soybean, maize, 
cotton, sorghum

C (3.2), B (1.6), S 
(0.03), G (2.1), P (1.0)

Rajgarh 83 120-150 100-130 110-150 162 soybean, maize, 
sorghum, wheat, chick 
pea

C (5.4), B (5.5), S 
(0.03), G (1.8), P (0.2)

West Nimar 61 120-150 100-130 110-150 154 soybean, cotton, 
sorghum, wheat, 
chickpea

C (5.4), B (1.9), S 
(0.05), G (3.0), P (3.1)

East Nimar 55 120-150 100-130 110-150 161 soybean, cotton, 
sorghum, wheat, 
chickpea

C (4.2), B (1.3), S 
(0.1), G (1.9), P (1.0)

Barwani 54 120-150 100-130 110-150 152 cotton, maize, 
sorghum, green 
gram, black gram, 
groundnut, pigeon pea, 
soybean, sugarcane

C (3.8), B (1.2), S 
(0.1), G (3.1),P (5.9)

4.1/ Semi-arid/
Madhya Pradesh
Sheopur 32 90-120 90-110 80-120  NA  pearl millet  C (2.8), B (1.2), S 

(0.03), G (1.2), P (0.2)

Morena 62 90-120 90-110 80-120 137 pearl millet, sesame, 
pigeon pea

C (1.6), B (4.4), S 
(0.1), G (2.1), P (0.1)

4.2/ Semi-arid/ 
Madhya Pradesh
Neemuch 51 90-120 80-100 80-120 139 soybean, maize, black 

gram,  sesame
C (2.6), B (1.3), S 
(0.5), G (1.2), P (0.1)

4.3/Semi-arid/ 
Madhya Pradesh

Bhind 85 120-150 90-120 100-150 140 pearl millet, sesame, 
paddy

C (1.5), B (3.1),  
S (0.006), G (2.1),  
P (0.08

4.4/ Semi-arid/
Madhya Pradesh

Shivpuri 55 120-150 90-120 100-150  NA pearl millet, sorghum, 
wheat, rapeseed 
mustard, chickpea

C (7.0), B (3.7), G 
(3.6), P (0.7)

Gwalior 56 120-150 90-120 100-150 144 pearl millet, soybean, 
maize, wheat, rapeseed 
mustard, chickpea

C (2.2), B (2.5), S 
(0.03), G (3.2), P (0.2)

Datia 83 120-150 90-120 100-150 147 sesame, groundnut, 
black gram, wheat

C (1.4), B (1.8), S 
(0.04), G (1.5), P (1.0)

Sagar 60 120-150 90-120 100-150 161 soybean, paddy, black 
gram, green gram, 
maize

C (8.8), B (2.4), S 
(0.02), G (1.3), P (0.2)

4.2/ Semi-arid/
Rajasthan

Chittaurgarh 55 90-120 80-100 80-120 131 maize, sorghum, 
soybean, groundnut, 
black gram, cluster 
bean, sesame

C (7.6), B (4.7), S 
(0.8), G (6.7), P (1.0)

Dungarpur 50 90-120 80-100 80-120 123 maize, pulses, wheat, 
chick pea

C (4.2), B (2.3), S 
(1.0), G (3.9), P (1.5)
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Banswara 61 90-120 80-100 80-120 138 maize, soybean, paddy, 
pigeon pea

C (6.4), B (2.7), S 
(0.1), G (4.5), P (3.3)

Bhilwara 58 90-120 80-100 80-120 118 pearl millet, soybean, 
maize, wheat, rapeseed 
mustard, chickpea, 
pigeon pea, sunflower, 
groundnut, green gram

C (5.8), B (3.0), S 
(4.3), G (7.0), P (1.2)

SawaiMadhopur 65 90-120 80-100 80-120 132 pearl millet,rapeseed 
mustard, barley, wheat, 
chick pea

C (1.1), B (2.5), S 
(0.7), G (4.1), P (0.2)

Tonk 79 90-120 80-100 80-120 124 groundnut, cotton, 
sesame, cow pea, 
green gram

C (2.4), B (3.1), S 
(2.5), G (3.9), P (0.6)

Bundi 55 90-120 80-100 80-120 126 soybean, maize, black 
gram, green gram, 
sesame

C (2.7), B (2.8), S 
(0.5), G (3.6), P (0.3)

5.2/ Semi-arid/ 
Rajasthan
Jhalawar 58 120-150 100-130 110-150 146 soybean, maize C (4.3), B (2.9), S 

(0.1), G (3.7), P (0.5)
Baran 54 120-150 100-130 110-150 146 soybean, maize, paddy C (3.5), B (2.2), S 

(0.1), G (2.6), P (0.5)
Kota 60 120-150 100-130 110-150 143 maize, soybean, black 

gram
C (2.4), B (2.2), S 
(0.2), G (2.1), P (0.3)

4.1/ Semi-arid/ 
Rajasthan
Bharatpur 84 90-120 90-110 80-120 126 pearl millet,rapeseed 

mustard, wheat, barley, 
chick pea

C (1.2), B (4.7), S 
(0.8), G (2.1), P (0.8)

Dhaulpur 56 90-120 90-110 80-120 136 pearl millet, rapeseed 
mustard, wheat, barley, 
chick pea

C (0.6), B (3.1), S 
(0.06), G (1.4) ,P 
(0.05)

Alwar 69 90-120 90-110 80-120 119 pearl millet, rapeseed 
mustard, maize, wheat, 
barley, chick pea

C (1.9), B (9.7), S 
(0.9), G (7.0), P (2.9)

Dausa 76 90-120 90-110 80-120 121 pearl millet, moth 
bean, cluster bean, 
green gram, cotton, 
groundnut

C (1.3), B (4.1), S 
(0.6), G (3.4), P (0.1)

Jaipur 70 90-120 90-110 80-120 115 pearl millet, castor, 
pigeon pea, cotton, 
sesame, cluster bean

C (5.0), B (9.4), S 
(3.4), G (10.1), P (3.4)

Karauli 46 90-120 90-110 80-120 132 pearl millet, chick 
pea, rapeseed mustard, 
wheat, barley

C (1.1), B (3.9), S 
(0.5), G (3.8), P (0.1)

6.2/ Semi-arid/
Maharashtra
Aurangabad 82 120-150 90-120 110-150 157 cotton, pearl millet, 

maize, pigeon pea, 
soybean, green gram, 
black gram, chick pea, 
sorghum

C (6.4), B (0.9), S 
(0.9), G (3.5), P (2.7)

Jalna 92 120-150 90-120 110-150 159 cotton, maize,  pigeon 
pea, soybean, pulses

C (4.4), B (0.8), S 
(3.3),G (2.2), P (1.9)
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Jalgaon 75 120-150 90-120 110-150 177 cotton, sorghum, 
maize, black gram, 
sesame, groundnut

C (6.2), B (3.0), S 
(3.0), G (4.2), P (2.4)

Dhule 65 120-150 90-120 110-150 175 pearl millet, soybean, 
maize, sunflower, 
paddy

C (4.0), B (1.0), S 
(0.9), G (2.8), P (3.4)

Ahmednagar 80 12-150 90-120 110-150 158 pearl millet, soybean, 
maize, onion, 
sugarcane

C (22.0), B (2.4), S 
(0.3), G (9.1), P (16.8)

Nasik 68 120-150 90-120 110-150 116 pearl millet, finger 
millet, maize, paddy, 
soybean

C (11.5), B (2.4), S 
(0.004), G (6.4), P 
(11.1)

5.2/ Semi-arid/
Maharashtra
Nandurbar 58 120-150 100-130 110-150 146 cotton, pearl millet, 

maize, soybean
C (4.3), B (0.9), S 
(0.1), G (3.2), P (9.9)

6.1/ Semi-arid/
Maharashtra

Solapur 87 90-120 80-110 90-130  NA pigeon pea, black 
gram, green gram, 
groundnut, pearl 
millet, sunflower, 
maize

C (9.6), B (4.0), G 
(8.4), P (16.5)

Pune 63 90-120 80-110 90-130 197 paddy, pearl millet, 
groundnut, pigeon 
pea, onion, sunflower, 
sugarcane, tomato, 
aster, vegetables, grape

C (11.9), B (2.9), S 
(0.5), G (5.3), P (5.9)

Satara 64 90-120 80-110 90-130 184 pearl millet, sorghum, 
paddy, soybean, 
groundnut

C (5.1), B (3.4), S 
(1.6), G (3.9), P (15.0)

Beed 82 90-120 80-110 90-130 158 cotton, pigeon pea, 
soybean, pearl millet

C (8.4), B (2.5), S 
(21.5), G (4.5), P (6.4)

Osmanabad 89 90-120 80-110 90-130 155 cotton, sorghum, 
pigeon pea, soybean

C (4.9), B (1.6), S 
(0.0005), G (1.9), P 
(2.3)

Sangli 81 90-120 80-110 90-130 206 groundnut, pearl 
millet, pigeon pea, 
soybean, sorghum

C (3.7), B (5.1), S 
(0.2), G (3.8), P (9.2)

4.3/ Semi-arid/ 
Uttar Pradesh

Hamirpur 69 120-150 120-150 100-150  NA green gram, black 
gram, soybean, 
sesame, pigeon pea

C (2.5), B (1.3), S 
(0.2), G (1.2), P (0.6)

4.4/Semi-arid/ 
Uttar Pradesh
Mahoba 72 120-150 90-120 100-150  NA pigeon pea C (2.0), B (1.3), S 

(0.2), G (1.8), P (0.6)
Jhansi 63 120-150 90-120 100-150  NA  maize  C (2.7), B (2.3), S 

(0.5), G (2.5), P (1.4)
9.2/ Hot dry 
sub-humid/Bihar
Gaya 73 150-180 120-140 140-180  NA paddy, maize, pigeon 

pea
C (0.007), B (0.003), 
G (0.004) P (0.004)
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Jehanabad 91 150-180 120-140 140-180  NA paddy, maize, pigeon 
pea

C (0.0008), B (0.001), 
G (0.0007), P (0.001)

Nawada 69 150-180 120-140 140-180  NA paddy, maize, pigeon 
pea

C (0.004), B (0.002), 
G (0.002), P (0.003)

11/Hot dry sub-
humid/Odisha
Nabarangpur 61 150-180 120-140 120-150  NA maize, paddy, chick 

pea, sugarcane
C (3.9), B (0.4), S 
(0.6), G (0.7), P (0.07)

6.4/ Hot dry 
sub-humid/
Karnataka

Dharwad 85 150-180 120-150 135-160 216 maize, soybean, green 
gram, groundnut, 
paddy, cotton, chilli

C (7.0), B (8.6), S 
(5.8), G (0.7), P (0.8)

Haveri 83 150-180 120-150 135-160 190 maize, paddy, chilli, 
cotton, sorghum, 
groundnut

C (3.9), B (0.4),S 
(0.7), G (1.5), P (3.8)

Belgaum 78 150-180 120-150 135-160 206 sugarcane, soybean, 
maize, groundnut, 
cotton

C (1.7), B (0.8), S 
(0.2), G (6.1), P (6.3)

Gadag 89 150-180 120-150 135-160 136 sorghum, green gram, 
groundnut, maize, 
chick pea

C (2.7), B (0.2), S 
(3.3), G (1.7), P (0.9)

10.1/Hot dry 
sub-humid/ 
Madhya Pradesh
Guna 63 150-180 100-160 120-180 152 soybean, maize, wheat, 

sorghum, chick pea
C (3.7), B (2.0), S 
(0.1), G (1.4), P (0.5)

11/ Hot dry 
sub-humid/
Chhattisgarh
Durg 76 150-180 120-140 120-150  NA green gram, black 

gram, groundnut, 
paddy, oilseeds, 
pulses, wheat

C (11.5), B (1.4), S 
(0.0003), G (1.3), P 
(5.1)

10.4/ Hot moist 
sub-humid/
Madhya Pradesh
Seoni 60 180-210 160-180 140-180  NA paddy, soybean, maize, 

groundnut, pigeon pea, 
wheat, chickpea

C (5.5), B (1.2), G 
(1.7), P (1.8)

10.4/ Hot moist 
sub-humid/
Chhattisgarh
Kawardha 54 180-210 160-180 140-180  NA paddy, soybean, maize, 

pigeon pea, black 
gram

C (2.9), B (0.5), S 
(0.1), G (0.4), P (0.4)

Sources:  *1 NBSS&LUP, 1999
 *2 www.bhuvan.nrsc.gov.in
 *3 Water balance FAO, (1981)
	 *4	CRIDA	(Crop	contingency	planning)
 *5Census 2007
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Annexure-3

Typology of vulnerable districts based on normal LGP (NBSS&LUP, 1999)
Normal 
LGP *(based 
on Water 
balance 
FAO(1981) 
AESR No/ 
Bio-climate 
based on 
Thorthwaite 
MI* (NBSS 
& LUP, 1999)

Vulnerable 
districts

Actual 
area 

under 
agri. 
(%)

*(www.
bhuvan.

nrsc.
gov.in)

 LGP (in days) Major crops grown (area 
000 ha)  
(K-Kharif, R-Rabi, 
Z-Zaid) *CRIDA (Crop 
contingency planning)

Livestock 
component 
*(Census 2007)
Cow- C, Buffalo-B, 
Sheep-S, Goat-G, 
Poultry-P (in lacs)

Estima 
ted 

from 
AVH 
RR - 

NDVI 

Estima 
ted 

from 
MODIS 
- NDVI

Based 
on MI 
AICR 
PAM

<60/2.1/Arid Bikaner 
(Rajasthan)

58 40-60 50-95 36 cluster bean (K-884.6), 
moth bean(K-275), pearl 
millet (K-256.8), chick 
pea (R-171.7), groundnut 
(K-63.1), wheat (R-58.9), 
rapeseed mustard (R-42.2)

C (6.7), B (1.3),  
S (8.0), G (9.0),  
P (0.1)

Barmer 
(Rajasthan)

71 40-60 50-95 44 pearl millet (K-929.5), 
cluster bean (K-346.6)

C (6.3), B (1.5),  
S (13.7), G (22.2), 
P (0.1)

Jaisalmer 
(Rajasthan)

28 40-60 50-95 15 cluster bean (K-295.9), 
pearl millet (K-132), 
rapeseed mustard (R-66.3), 
chick pea (R-33.5)

C (3.4), B (0.02),  
S (13.0), G(11.3),  
P (0.1)

Jodhpur 
(Rajasthan)

73 40-60 50-95 32 pearl millet (K-675.9), 
cluster bean (K-158), green 
gram (K-117.2), moth 
bean(K-84.04)

C (6.5), B (2.6),  
S (9.7), G (14.0),  
P (0.1)

Sriganganagar 
(Rajasthan)

83 40-60 50-95  NA rapeseed mustard 
(R-260.2), cluster 
bean (K-235.7), wheat 
(R-190.8), chick pea(R-
120.2), barley (R-58.8), 
cotton (K-45.8), green 
gram (K-34)

C (5.8), B (2.8),  
S (3.7), G (3.7),  
P (0.8) 

<60/ 2.2/ Arid Kachchh 
(Gujarat)

26 40-60 50-95  NA pearl millet (K-72.8), 
green gram (K-68.8), 
castor (K-56.8), groundnut 
(K-46.5)

C (3.8), B (2.2),  
S (5.7), G (4.8),  
P (0.2)

60-90/ 3/Arid Anantapur 
(Andhra 
Pradesh)

72 60-110 60-120  NA groundnut (K-840), chick 
pea (R-65), paddy (K-26,R-
15), pigeon pea(K-41), 
sorghum (R-33)

C (9.1), B (5.3),  
S (32.1), G (9.0),  
P (16.9)

60-90/ 2.3/
Arid 

Hanumangarh 
(Rajasthan)

92 75-95 60-120 48 cluster bean, barely 
(K-247,R-48), paddy, chick 
pea (R-291.8), cotton/
wheat (K-70,R-178), 
cotton, rapeseed mustard 
(R-248.1), pearl millet/
fodder (K-71.8), moth 
bean (K-46.6), green gram 
(K-44.2)

C (4.0), B (3.2),  
S (2.8), G (2.7),  
P (1.7)
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Udaipur 
(Rajasthan)

30 75-95 60-120 119 maize (K-193.4), wheat 
(R-79.3)

C (9.4), B (5.2),  
S (1.6), G (10.9),  
P (4.5)

Rajsamand 
(Rajasthan)

37 75-95 60-120 105 maize (K-59.5), wheat 
(R-34.4)

C (2.8), B (2.2),  
S (1.2), G (5.1),  
P (0.2)

Sirohi 
(Rajasthan)

44 75-95 60-120  NA castor (K-52.3), maize 
(K-27.4)

C (2.0), B (1.6),  
S (2.4), G (3.4),  
P (0.4)

Ajmer 
(Rajasthan)

61 75-95 60-120 95 sorghum (K-143), pulses 
(K-86.7)

C (3.9), B (3.3), 
S (5.0), G (7.7),  
P (15.8)

Churu 
(Rajasthan)

92 75-95 60-120 69 pearl millet (K-427.3), 
cluster bean (K-359.9), 
moth bean(K-267), chick 
pea(R-244.8)

C (2.5), B (2.1), 
S (4.5), G (9.1), 
P (0.8)

Jalor 
(Rajasthan)

79 75-95 60-120 70 pearl millet (K-357.8), 
green gram (K-99.6), 
rapeseed mustard (R-77.6), 
cluster bean (K-63.5), 
isabgol (R-39.9), castor 
(K-36.2), moth bean(K-
27.2)

C (2.9), B (4.1), 
S (6.3), G (5.4), 
P (0.1)

Jhunjhunun 
(Rajasthan)

80 75-95 60-120 80 pearl millet (K-267), cluster 
bean (K- 66), wheat (R-64), 
chick pea (R-88), rapeseed 
mustard (R-35), cow pea 
(K-31)

C (1.7), B (3.7), 
S (1.9), G (6.4), 
P (4.4)

Nagaur 
(Rajasthan)

85 75-95 60-120 65 pearl millet (K-439), moth 
bean(K-224), green gram 
(K-207), cluster bean 
(K-157), cumin (R-60.9), 
rapeseed mustard (R-127), 
wheat (R-72)

C (4.1), B (4.6),  
S (7.9), G (14.2),  
P (0.2)

Pali 
(Rajasthan)

69 75-95 60-120 83 pearl millet (K-106.4), 
cluster bean (K-154.8), 
wheat (R-110), green gram 
(K-119), barley (R-100)

C (3.5), B (3.1),  
S (9.2), G (7.0),  
P (0.5)

Sikar 
(Rajasthan)

78 75-95 60-120  NA pearl millet (K-298), cluster 
bean (K-81), wheat (R-85), 
rapeseed mustard (R-80), 
cow pea (K-59), chick 
pea(R-38), barley (R-26)

C (2.5), B (5.1),  
S (3.1), G (11.5),  
P (1.7)

60-90/ 2.4/
Arid 

Jamnagar 
(Gujarat)

77 60-95 60-130  NA groundnut (K-399), cotton 
(K-144), wheat (R-54), 
other cumin (R-34)

C (3.4), B (2.5),  
S (2.0), G (1.7),  
P (0.3)

Porbandar
(Gujarat)

77 60-95 60-130  NA groundnut (K-91.9) C (0.8), B (1.0),  
S (0.2), G (0.2),  
P (0.2)

Rajkot 
(Gujarat)

82 60-95 60-130  NA groundnut (K-331.8), 
cotton (K-311.5), wheat 
(R-100.1), sesame (K-34.8)

C (4.5), B (362042), 
S (2.1), G (1.9),  
P (1.8)

Surendranagar 
(Gujarat)

83 60-95 60-130  NA cotton (K-448.7), sesame 
(K-76.6), cumin (R-64.5), 
pearl millet (K-41.2), wheat 
(R-36.5), castor (K-28)

C (3.4), B (2.9), S 
(1.3), G (1.9),  
P (0.01)
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Patan 
(Gujarat)

87 60-95 60-130  NA cotton (K-83.3), pearl 
millet (K-80), rapeseed 
mustard (R-47.1), pulses 
(K-34.7), castor (K-30.7)

C (1.3), B (3.6),  
S (0.5), G (1.0),  
P (0.2)

60-90/ 2.3/
Arid 

BanasKantha 
(Gujarat)

82 75-95 60-120 96 pearl millet (K-176.3), 
castor (K-71.7), pulses 
(K-56.9)

C (6.6), B (9.5),  
S (1.6), G (3.0),  
P (2.7)

60-90/ 6.4/
Arid 

Mahesana 
(Gujarat)

89 60-95 60-130  NA pearl millet (K-51.6), 
cotton (K- 45.1), castor 
(K-41)

C (2.1), B (5.6),  
S (0.1), G (0.8),  
P (1.1)

60-90/ 3/Arid Chitradurga 
(Karnataka)

76 60-90 60-120 94 groundnut (K-125.18), 
maize (K-84.74), finger 
millet (K-49.89), sunflower 
(K-30.11), sorghum 
(K-27.15)

C (2.6), B (1.0),  
S (1.4), G (3.6),  
P (2.6)

Koppal 
(Karnataka)

83 60-90 60-120 117 sunflower (K-75.8), paddy 
(K-36,R-35), sorghum 
(K-15,R-51), pearl millet 
(K-59), groundnut (K-29,Z-
21), maize (K-29.6)

C (2.2), B (0.1),  
S (6.7), G (199481), 
P (2.3)

Bagalkot 
(Karnataka)

79 60-90 60-120 112 sorghum (K-5,R-135), 
sugarcane (K-66,R-16,Z-2), 
maize (K-44,R-20,Z-3)

C (3.3), B (2.5), 
S (8.9), G (4.3),  
P (3.4)

Tumkur 
(Karnataka)

81 60-90 60-120 113 finger millet (K-192.1), 
groundnut (K-93.3), moth 
bean (K-39.3), paddy 
(K-33.5)

C (3.7), B (0.
2), S (3.1), G (5.1), 
P (7.1)

90-120/7.1/
Semi-Arid 

Cuddapah 
(Andhra 
Pradesh)

44 80-100 90-140  NA groundnut (K-141), 
sunflower (R-93.5), chick 
pea(R-72), paddy (K-65)

C (1.9), B (5.0),  
S (13.9), G (4.7),  
P (14.1)

Kurnool 
(Andhra 
Pradesh)

66 80-100 90-140  NA chick pea(R-240), 
groundnut (K-224), 
sunflower (K-65,R-80), 
paddy (K-85,R-30), 
sorghum (R-72), pigeon 
pea (K-42), cotton (K-40)

C (5.2),B (6.4),  
S (4.6), G (6.0),  
P (12.2) 

90-120/ 8.1/
Semi-Arid

Tirunelveli 
(Tamil Nadu )

65 70-110 80-140 229 paddy (K-22.5,R-64.7) C (8.6), B (1.1),  
S (3.0), G (4.6), 
 P (5.0)

90-120/
7.1/Semi-
Arid

Bellary 
(Karnataka)

72 80-100 90-140 103 paddy (K-105.4,Z-105.4), 
sunflower (K-31.4,Z-86.7), 
maize (K-53.2,R-41.7), 
groundnut (K-15.7,R-57.0), 
sorghum (K-19.5, R-38.9), 
chick pea (K-21.5,R-32.2)

C (2.9), B (1.7),  
S (5.5), G (2.7), 
 P (2.5)

90-120/ 6.1/
Semi-Arid

Raichur 
(Karnataka)

87 80-110 90-130 144 paddy (K-94.4, Z-70.7), 
sunflower (K-67.8,R-
91.3,Z-3.7), sorghum 
(K-0.70,R-91.2,Z-0.4), 
chick pea (R-76.5), pearl 
millet (K-53.5, Z-08), 
groundnut (K-10.5, 
Z-28.7), cotton (K-26.6)

C (1.5), B (0.2),  
S (3.6), G(3.7),  
P (3.3)



152

90-120/ 4.2/
Semi-Arid

Chittaurgarh 
(Rajasthan)

55 80-100 80-120 131 maize (K- 187.6), 
soybean (K-140.5), wheat 
(R-122.3), rapeseed 
mustard (R-81.9)

C (7.6), B (4.7),  
S (0.8), G (6.7),  
P (1.0)

Bundi 
(Rajasthan)

55 80-100 80-120 126 wheat (R-117.8), rapeseed 
mustard (R-84.2), soybean 
(K-76.4), maize (K-32.6)

C (2.7), B (2.8),  
S (0.5), G (3.6),  
P (0.3)

Banswara 
(Rajasthan)

61 80-100 80-120 138 maize (K-143.4), wheat 
(R-90.8), paddy (K-35.8)

C (6.4), B (2.7), 
 S (0.1), G (4.5),  
P (3.3)

Bhilwara 
(Rajasthan)

58 80-100 80-120 118 maize (K- 182.1), wheat 
(R- 81.5), black gram (K- 
39.2), sorghum (K-30.9), 
cluster bean (K-36.9), 
rapeseed mustard (R-35.9), 
barely (R-35.9), sesame 
(K-26.1)

C (5.8), B (3.0),  
S (4.3), G (7.0),  
P (1.2)

Sawai 
Madhopur 
(Rajasthan)

65 80-100 80-120 132 rapeseed mustard 
(R-308.7), pearl millet 
(K-65.7), wheat (R-53.4)

C (1.1), B (2.5),  
S (0.7), G (4.1),  
P (0.2)

Tonk 
(Rajasthan)

79 80-100 80-120 124 rapeseed mustard 
(R-240.4), sorghum 
(K-62.5), pulses (K-51.6), 
sesame (K-47.5), wheat 
(r-46)

C (2.4), B (3.1),  
S (2.5), G (3.9),  
P (0.6)

Dungarpur 
(Rajasthan)

50 80-100 80-120 123 maize (K- 73), wheat 
(R-41)

C (4.2), B (2.3), 
 S (1.0), G (3.9),  
P (1.5)

90-120/ 4.1/
Semi-Arid

Bharatpur 
(Rajasthan)

84 90-110 80-120 126 rapeseed mustard 
(R-412.9), pearl millet 
(K-100.1), wheat (R-133.7)

C (1.2), B (4.7),  
S (0.8), G (0.2),  
P (0.8)

Dhaulpur 
(Rajasthan)

56 90-110 80-120 136 rapeseed mustard 
(R-124.5), pearl millet 
(K-69.9)

C (0.6), B (3.1),  
S (0.06), G (1.4) , 
P (0.05)

Alwar 
(Rajasthan)

69 90-110 80-120 119 pearl millet (K-232) C (1.9), B (9.7),  
S (0.9), G (7.0),  
P (2.9)

Dausa 
(Rajasthan)

76 90-110 80-120 121 pearl millet (K- 119.6), 
rapeseed mustard (R-85.9), 
wheat (R-77.4)

C (1.3), B (4.1),  
S (0.6), G (3.4),  
P (0.1)

Jaipur 
(Rajasthan)

70 90-110 80-120 115 pearl millet (K- 295.7), 
rapeseed mustard 
(R-137.9), wheat (R-136.8), 
pulses (K-84.5), barley 
(R-51.6), groundnut 
(K-46.2), chick pea 
(R-28.9)

C (5.0), B (9.4),  
S (3.4), G (10.1),  
P (3.4)

Karauli 
(Rajasthan)

46 90-110 80-120 132 pearl millet (K-117.3) C (1.1), B (3.9),  
S (0.5), G (3.8),  
P (0.1)

90-120/ 4.2/
Semi-Arid

Anand 
(Gujarat)

84 80-100 80-120 148 paddy (K-88,R-2), wheat 
(R-53.7), pearl millet 
(K-29,Z-19)

C (1.4), B (4.0),  
S (0.1), G (0.7),  
P (45.9)

Gandhinagar 
(Gujarat)

86 80-100 80-120  NA pearl millet C (1.4), B (3.6),  
S (0.1), G (0.4), 
 P (1.8)
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SabarKantha 
(Gujarat)

74 80-100 100-150  NA maize (K-112), cotton 
(k-92.4), wheat (R-88.4), 
groundnut (K-57.8), pulses 
(K-42.5), castor (K-42)

C (6.2), B (7.7),  
S (0.6), G (3.4),  
P (4.0)

Ahmadabad 
(Gujarat)

85 80-100 80-120 141 cotton (K-175.2), wheat 
(R-150.2), paddy (K-108), 
chick pea (R-26.4)

C (2.1), B (3.4),  
S (0.2), G (1.2),  
P (4.5)

90-120/ 5.1/
Semi-Arid

Amreli 
(Gujarat)

82 60-110 90-135 130 groundnut (K-252.3), 
cotton (K-227.1), wheat 
(R-39.3)

C (2.6), B (2.0),  
S (1.3), G (1.3),  
P (0.1)

Bhavnagar 
(Gujarat)

72 60-110 90-135 140 cotton (K-306.2), 
groundnut (K-103,Z-22), 
pearl millet (K-47.9), wheat 
(R-33.9)

C (3.4), B (3.3),  
S (2.5), G (1.9),  
P (12.5)

90-120/ 4.1/
Semi-Arid

Sheopur 
(Madhya 
Pradesh)

32 90-110 80-120  NA pearlmillet (K-16.8) C (2.8), B (1.2),  
S (0.03), G (1.2),  
P (0.2)

Morena 
(Madhya 
Pradesh)

62 90-110 80-120 137 rapeseed mustard (R-165), 
pearl millet (K-86), wheat 
(R-86.3)

C (1.6), B (4.4),  
S (0.1), G (2.1),  
P (0.1)

90-120/ 4.2/
Semi-Arid

Neemuch 
(Madhya 
Pradesh)

51 80-100 80-120 139 soybean (K-120.3), maize 
(K-27.3), wheat (R-27.9)

C (2.6), B (1.3),  
S (0.5), G (1.2),  
P (0.1)

90-120/ 6.1/
Semi-arid

Osmanabad 
(Maharashtra)

89 80-110 90-130 155 sorghum (K-73.7,R-243.7), 
pigeon pea(K-87.8),chick 
pea(R-65.2), black gram 
(K-51.6), soybean (K-30.5), 
wheat (R-38), sunflower 
(K-27.6, R-28.2)

C (4.9), B (1.6),  
S (0.0005), G (1.9), 
P (2.3)

Beed 
(Maharashtra)

82 80-110 90-130 158 sorghum (KR-298.3), pearl 
millet (K- 166.8), cotton 
(K-160.8), pigeon pea 
(K-53.3), soybean (K-51.4), 
wheat (R-52.7), chick 
pea (R-39.6), sugarcane 
(R-39.2)

C (8.4), B (2.5),  
S (21.5), G (4.5),  
P (6.4)

Solapur 
(Maharashtra)

87 80-110 90-130  NA sorghum (R-707), wheat 
(R-58.9), chick pea 
(R-43.9), sunflower (K-37)

C (9.6), B (4.0),  
G (8.4), P (16.5)

Pune 
(Maharashtra)

63 80-110 90-130 197 sorghum (R- 430.7), 
sugarcane (R-85.6), paddy 
(K-61.2), wheat (R-60.9), 
chick pea (R-47.4), pearl 
millet (K-34.5), groundnut 
(K-33.1)

C (11.9), B (2.9),  
S (0.5), G (5.3),  
P (5.9) 

Satara 
(Maharashtra)

64 80-110 90-130 184 sorghum (R-138.4), 
sugarcane (R-53.6), pearl 
millet (K-86.5), groundnut 
(K-56.4), sorghum 
(K-56.4), paddy (K-43.5), 
wheat (R-41), chick pea 
(R-28.6)

C (5.1), B (3.4),  
S (1.6), G (3.9),  
P (15.0)

Sangli 
(Maharashtra)

81 80-110 90-130 206 sorghum (KR-256), pearl 
millet (K-95.6), soybean 
(K-82.6), sugarcane 
(R-55.7), groundnut (KR-
40.1), wheat (R-30.6)

C (3.7), B (5.1),  
S (0.2), G (3.8), 
P (9.2)
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120-150/ 7.2/
Semi-Arid

Mahbubnagar 
(Telangana)

72 90-130 110-160  NA maize (K-393), castor 
(K-139), paddy (K-123), 
groundnut (K-87), pigeon 
pea (K-82), sorghum 
(K-56,R-20), cotton (K-61)

C (8.7), B (4.6),  
S (9.2), G (6.8),  
P (15.3)

Nalgonda 
(Telangana)

78 90-130 110-160  NA paddy (K-163.0,R-147.7), 
cotton (R-106.2), green 
gram (K-43.9), castor 
(K-39.4), pigeon pea, 
(R-37.5), groundnut 
(K-15.2,R-16.6)

C (5.5), B (8.2),  
S (17.8), G (5.0),  
P (23.4)

120-150/ 
18.2/Semi-
Arid

Nellore 
(Andhra 
Pradesh)

50 120-
140

100-150  NA paddy (K-64.6,R-191.5) C (1.8), B (7.6),  
S  (19.8), G (3.6),  
P (16.8)

120-150/ 8.3/
Semi-Arid

Erode (Tamil 
Nadu )

54 80-130 110-150 164 sugarcane (K-41.9), paddy 
(R-38.3), groundnut 
(K-31.4)

C (9.6),B (2.4),  
S (2.9), G (5.3),  
P (67.1)

Sivaganga 
(Tamil Nadu )

74 80-130 110-150  NA paddy (R-76.7) C (2.9), B (0.07),  
S (5.4), G (2.2),  
P (15.0)

Kolar 
(Karnataka)

75 80-130 110-150 182 finger millet (K-61.5) C (3.6), B (0.4),  
S (0.5), G (0.8),  
P (4.2)

120-150/ 8.2/
Semi-Arid

Bangalore 
- Rural 
(Karnataka)

71 100-
140

120-150 176 finger millet (K-44.8) C (4.3), B (0.9),  
S (0.02), G (0.9),  
P (2.6)

Hassan 
(Karnataka)

72 100-
140

140-150 NA paddy C (73.), B (2.4),  
S (1.3), G (1.3),  
P (5.1)

Chikmagalur 
(Karnataka)

54 100-
140

120-150 232 finger millet (K-55.5), 
paddy (K-42,Z-3) 

C (2.8), B (1.9),  
S (4.7), G (0.7),  
P (3.1)

Davanagere 
(Karnataka)

76 100-
140

120-150 184 maize (K- 176.2), paddy 
(K-63,Z-47)

C (5.0), B (1.6),  
S (3.8), G (1.5),  
P (3.8)

Mandya 
(Karnataka)

79 100-
140

120-150 120 paddy (K-70.2,Z-20), finger 
millet (K-77,R-5,Z-2), 
sugarcane(K-25,R-3,Z-2)

C (6.6), B (1.9),  
S (2.5), G (2.4),  
P (5.4)

120-150/ 6.2/
Semi-Arid

Bijapur 
(Karnataka)

93 90-120 110-150 117 sunflower (K-109,R-109,Z-
3.4),  sorghum (R-216.9), 
chick pea(R-158.3), pigeon 
pea(K-127), pearl millet 
(K-93.3), maize (K-24,R-
6.4)

C (9.2), B (2.4),  
S (0.0005),G (4.5), 
P (3.1)

Gulbarga 
(Karnataka)

89 90-120 110-150 154 pigeon pea(K-385.2), 
sorghum (R-179), chick 
pea (R-121.5), sunflower 
(K-89), pearl millet 
(K-34.3)

C (7.9), B (1.9),  
S (0.9), G (7.5),  
P (9.0)

120-150/ 5.2/
Semi-Arid

Jhalawar 
(Rajasthan)

58 100-
130

110-150 146 soybean (K-236.7), 
coriander (R-96.9), 
wheat (R-58.8), rapeseed 
mustard(R-38), maize 
(K-37.5)

C (4.3), B (2.9),  
S (0.1), G (3.7),  
P (0.5)
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Baran 
(Rajasthan)

54 100-
130

110-150 146 soybean (K-208.7), 
rapeseed mustard 
(R-108.4), wheat (R-95.8), 
coriander (R-90.6)

C (3.5), B (2.2),  
S (0.1), G (2.6),  
P (0.5)

Kota 
(Rajasthan)

60 100-
130

110-150 143 soybean (K-192.2), 
rapeseed mustard (R-90.8), 
wheat (R-86.6), coriander 
(R-49.1)

C (2.4), B (2.2),  
S (0.2), G (2.1),  
P (0.3)

120-150/ 4.3/
Semi-Arid

Hamirpur 
(Uttar 
Pradesh)

69 120-
150

100-150  NA pulses (R-160.9), wheat 
(R-105.84), oilseeds 
(K-31,R-47)

C (2.5), B (1.3),  
S (0.2), G (1.2),  
P (0.6)

120-150/ 4.4/
Semi-Arid

Jhansi (Uttar 
Pradesh)

63 90-120 100-150 NA maize C (2.7), B (2.3),  
S (0.5), G (2.5),  
P (1.4)

Mahoba (Uttar 
Pradesh)

72 90-120 100-150  NA wheat (R-71.9), chick 
pea(R-65.4), sesame 
(K-30.6), green gram 
(K-28.6)

C (2.0), B (1.3),  
S (0.2), G (1.8),  
P (0.6)

120-150/ 5.2/
Semi-Arid

PanchMahals 
(Gujarat)

80 100-
130

110-150  NA maize (K-132,R-22), paddy 
(K-72.4)

C (5.8), B (6.1),  
S (0.03), G (4.4),  
P (4.8)

Dahod 
(Gujarat)

69 100-
130

110-150  NA maize (K-102,R-33), paddy 
(K-90.6), wheat (R-65.3), 
chick pea (R-56.7), 
soybean (K-36)

C (5.8), B (2.8),  
S (0.05), G (5.0),  
P (5.9)

120-150/ 5.3/
Semi-Arid

Junagadh 
(Gujarat)

72 100-
120

100-150  NA groundnut (K-423), wheat 
(R-188.1), cotton (K-42.5)

C (4.8), B (3.7),  
S (0.4), G (1.0),  
P (0.6)

120-150/ 5.2/
Semi-Arid
 

Vadodara 
(Gujarat)

79 100-
130

110-150  NA cotton (K-177.4), pigeon 
pea (K-74.7), paddy 
(K-54.1), maize (K-52.4)

C (4.8), B (4.6),  
S (0.04), G (3.1),  
P (7.1)

Jhabua 
(Madhya 
Pradesh)

70 100-
130

110-150 142 maize (K-113.5), black 
gram (K-65.3), cotton 
(K-34.9), soybean (R-37), 
wheat (R-38)

C (7.0), B (2.6),  
S (0.03), G (5.1),  
P (9.5)

Mandsaur 
(Madhya 
Pradesh)

75 100-
130

110-150 142 soybean (K-262), chick 
pea (R-53), wheat (R-45), 
maize (K-35), rapeseed 
mustard (R-31)

C (3.4), B (2.1),  
S (0.2), G (1.8), 
P (0.3)

Dhar (Madhya 
Pradesh)

76 100-
130

110-150 146 soybean (K-250.3), 
wheat (R-216.3), cotton 
(K-116.7), maize (K-59), 
chick pea(R-40.9)

C (5.9), B (2.3),  
S (0.009), G (4.0), 
P (5.2)

Dewas 
(Madhya 
Pradesh)

63 100-
130

110-150 150 soybean (K-295.9), chick 
pea (K-109.2), wheat 
(R-53.5), cotton (R-32.6)

C (4.2), B (2.4),  
S (0.003), G (1.3), 
P (0.7)

Shajapur 
(Madhya 
Pradesh)

83 100-
130

110-150  NA soybean (K-312), maize 
(K-46)

C (4.3), B (2.7),  
S (0.0003), G (1.7), 
P (0.2)

Indore 
(Madhya 
Pradesh)

70 100-
130

110-150 148 soybean (K-219.8), wheat 
(R-127.2), chick pea(R-
32.2)

C (2.7), B (2.2),  
S (0.006), G (0.9), 
P (0.7)

Ujjain 
(Madhya 
Pradesh)

87 100-
130

110-150 144 soybean (K-443.5), chick 
pea (R-163.3), wheat 
(R-98.7)

C (3.9), B (3.2),  
S (0.06), G (2.2),  
P (0.7)
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Ratlam 
(Madhya 
Pradesh)

79 100-
130

110-150 143 soybean (K-198.1), maize 
(K-41.3), chick pea 
(R-53.1), wheat (R-46.1)

C (3.2), B (1.6),  
S (0.03), G (2.1),  
P (1.0)

Rajgarh 
(Madhya 
Pradesh)

83 100-
130

110-150 162 soybean (K-291.8), 
maize (K-43.9), sorghum 
(K-34.2), chick pea 
(R-78.9), wheat (R-50.1)

C (5.4), B (5.5),  
S (0.03), G (1.8),  
P (0.2)

Barwani 
(Madhya 
Pradesh)

54 100-
130

110-150 152 cotton (K-54.6), sorghum 
(K-46.6), wheat (R-34.4), 
maize (K-32.6), soybean 
(K-29.7)

C (3.8), B (1.2),  
S (0.1), G (3.1), 
P (5.9)

West Nimar 
(Madhya 
Pradesh)

61 100-
130

110-150 154 soybean (K-154.8), cotton 
(K-75.8), wheat (R-56)

C (5.4), B (1.9),  
S (0.05), G (3.0),  
P (3.1)

East Nimar 
(Madhya 
Pradesh)

55 100-
130

110-150 161 soybean (K-154.8), cotton 
(K-75.8), wheat (R-56)

C (4.2), B (1.3),  
S (0.1), G (1.9),  
P (1.0)

120-150/ 4.1/
Semi-Arid

Morena 
(Madhya 
Pradesh)

62 90-110 80-120 137 rapeseed mustard (R-165), 
pearl millet (K-86), wheat 
(R-86.3)

C (1.6), B (4.4),  
S (0.1), G (2.1),  
P (0.1)

120-150/ 4.4/
Semi-Arid

Gwalior 
(Madhya 
Pradesh)

56 90-120 100-150 144 wheat (R-87), rapeseed 
mustard (R-55.6)

C (2.2), B (2.5),  
S (0.03), G (3.2),  
P (0.2)

Datia (Madhya 
Pradesh)

83 90-120 100-150 147 wheat (R-135), sesame 
(K-34.3), chick pea 
(R-37.6)

C (1.4), B (1.8),  
S (0.04), G (1.5),  
P (0.1)

Shivpuri 
(Madhya 
Pradesh)

55 90-120 100-150  NA soybean (K-112), wheat 
(R-104), rapeseed mustard 
(R-90.12), maize (K-34), 
groundnut (K-71), chick 
pea (R-70)

C (7.0), B (3.7),  
G (3.6), P (0.7)

Sagar 
(Madhya 
Pradesh)

60 90-120 100-150 161 soybean (K-254.9), wheat 
(R-180), chick pea (R-197), 
green gram (R-66)

C (8.8), B (2.4),  
S (0.02), G (1.3),  
P (0.2)

120-150/ 4.3/ 
Semi-Arid

Bhind 
(Madhya 
Pradesh)

85 90-120 100-150 140 rapeseed mustard 
(R-176.7), wheat (R-84.12), 
pearl millet (K-28.33)

C (1.5), B (3.1),  
S (0.006), G (2.1),  
P (0.08)

120-150/ 6.2/
Semi-arid

Aurangabad 
(Maharashtra)

82 90-120 110-150 157 cotton (K-243.2), sorghum 
(K-11,R-155), maize 
(K-106.9), pearl millet 
(K-124.6), wheat (R-43.7), 
chick pea (R-43.2)

C (6.4), B (0.9),  
S (0.9), G (3.5),  
P (2.7)

Jalna 
(Maharashtra)

92 90-120 110-150 159 cotton (K-209.5), sorghum 
(R-159.3), pearl millet 
(K-69.7), maize (K-58.9), 
green gram (K-44)

C (4.4), B(0.8),  
S (3.3),G (2.2),  
P (1.9)

Jalgaon 
(Maharashtra)

75 90-120 110-150 177 cotton (K-356.1), sorghum 
(K-172.1), maize (K-58.4), 
black gram (K-35.8)

C (6.2), B (3.0),  
S (3.0), G (4.2),  
P (2.4)

Dhule 
(Maharashtra)

65 90-120 110-150 175 cotton (K-115), pearl millet 
(K-104.7), groundnut 
(K-35.8), wheat (R-36), 
maize (K-34.7)

C (4.0), B (1.0),  
S (0.9), G (2.8),  
P (3.4)
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Ahmednagar 
(Maharashtra)

80 90-120 110-150 158 sorghum (R-507.2), wheat 
(R-138.2), sugarcane 
(R-133.7), pearl millet 
(K-128.2), chick pea(R-
90.5), soybean (K-55.5)

C (22.0), B (2.4),  
S (0.3), G (9.1),  
P (16.8)

Nasik 
(Maharashtra)

68 90-120 110-150 116 pearl millet (K-275.7), 
maize (K-69.2), wheat 
(R-75.8), paddy (K-50.3), 
chick pea (R-43.2), 
groundnut (K-38.5), finger 
millet (K-36.5), sugarcane 
(K-28), soybean (K-28.7)

C (11.5), B (2.4),  
S (0.004), G (6.4),  
P (11.1)

120-150/ 5.2/
Semi-arid

Nandurbar 
(Maharashtra)

58 100-
130

110-150 146 cotton (K-53.3), sorghum 
(K-46.1), paddy (K-26.7)

C (4.3), B (0.9),  
S (0.1), G (3.2),  
P (9.9)

150-180/ 7.3/
Semi-arid

Prakasam 
(Andhra 
Pradesh)

55 70-110 80-140  NA chick pea(R- 153), paddy 
(R-128), pigeon pea 
(K-72), tobacco (R- 69), 
cotton (K-14,R-16)

C (1.1), B (12.7),  
S (19.4), G (4.3),  
P (11.0)

150-180/ 9.2/
Hot Dry Sub-
humid 

Gaya (Bihar) 73 120-
140

140-180  NA paddy (K-177.5), wheat 
(R-81.5)

C (0.007), B 
(0.003), G (0.004)  
P (0.004)

Jehanabad 
(Bihar)

91 120-
140

140-180  NA paddy (K-57.7) C (0.0008), B 
(0.001), G (0.0007), 
P (0.001)

Nawada 
(Bihar)

69 120-
140

140-180  NA paddy (K- 85.9), wheat  
(R- 48.01)

C (0.004), B 
(0.002), G (0.002), 
P (0.003)

150-180/ 6.4/
Hot Dry Sub-
humid

Haveri 
(Karnataka)

83 120-
150

135-160 190 maize (K-117.6), oilseeds 
(K-31,R-14,Z-11), sorghum 
(K-28,R-21), paddy 
(K-45.7), cotton (K-43.9)

C (3.9), B (0.4), 
S (0.7), G (1.5),  
P (3.8)

Dharwad 
(Karnataka)

85 120-
150

135-160 216 cotton (K-11,R-60), 
chilli (K-51.4), chick pea 
(R-49.5), sorghum (K-11,R-
37), maize (K-41.8), 
groundnut (K-41.1), wheat 
(R-38.3), paddy (K-32.8), 
soybean (K-27.5)

C (7.0), B (8.6),  
S (5.8), G (0.7),  
P (0.8)

Gadag 
(Karnataka)

89 120-
150

135-160 136 green gram (K-99.2), 
sorghum (R-74.2), 
groundnut (K-54.6), 
chick pea (R-43.5), maize 
(K-42.4)

C (2.7), B (0.2),  
S (3.3), G (1.7),  
P (0.9)

Belgaum 
(Karnataka)

78 120-
150

135-160 206 maize (K-101,R-35,Z-4), 
sugarcane (K-137.63), 
soybean (K-103.84), 
groundnut (K-39.56)

C (1.7), B (0.8),  
S (0.2), G (6.1),  
P (6.3)

150-180/ 
10.1/Hot Dry 
Sub-humid

Guna (Madhya 
Pradesh)

63 100-
160

120-180 152 soybean (K-182.6) C (3.7), B (2.0),  
S (0.1), G (1.4),  
P (0.5)

150-180/ 11/
Hot Dry Sub-
humid

Nabarangpur 
(Odisha)

61 120-
140

120-150  NA paddy (K-158.93), maize 
(K-46.53)

C (3.9), B (0.4),  
S (0.6), G (0.7),  
P (0.07)
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Durg 
(Chhattisgarh)

76 120-
140

120-150  NA paddy (K-439.6), lathyrus 
(R-95.8), chick pea 
(R-90.9), oilseeds (K-43.6), 
soybean (K-31.2)

C (11.5), B (1.4),  
S (0.0003), G (1.3), 
P (5.1)

180-210/ 
10.4/Hot 
moist Sub-
humid 

Seoni  
(Madhya 
Pradesh)

60 160-
180

140-180  NA paddy (K-120.4), soybean 
(K-110.7), wheat (R-106.6), 
chick pea (R-45.9)

C (5.5), B (1.2),  
G (1.7), P (1.8)

Kawardha 
(Chhattisgarh)

54 160-
180

140-180  NA paddy (K-80.1) C (2.9), B (0.5),  
S (0.1), G (0.4),  
P (0.4)

Sources:   *1 Water balance FAO, (1981)
 *2 NBSS&LUP, 1999
 *3www.bhuvan.nrsc.gov.in
	 *4CRIDA	(Crop	contingency	planning)
 *5Census 2007

Annexure-4

Typology based on LGP derived from AVHRR-NDVI
LGP (days) 
based on 
AVHRR/ 
AESR No/ 
Bio-climate 
based on 
Thorthwaite 
MI* (NBSS 
& LUP, 
1999)

Vulnerable 
districts

Actual 
area 

under 
agri. 
(%)

*(www.
bhuvan. 

nrsc.
gov.in)

Normal 
LGP 

*(based 
on 

Water 
balance 

FAO 
(1981)

LGP( in days) Vulnerable crops
*CRIDA (Crop 
contingency 
planning)

Adverse impact 
on LGPEstima 

ted 
from 
AVH 
RR - 

NDVI

Estima 
ted 

from 
MOD 
IS - 

NDVI

Based 
on MI 
(AICR 
PAM)

40-80/ 2.2/
Arid

Kachchh 
(Gujarat)

26 <60 40-60 50-95  NA cotton, wheat, 
groundnut, pulses, 
cumin, pearl millet

 

40-80/ 2.1/
Arid

Jaisalmer 
(Rajasthan)

28 <60 40-60 50-95 15 pearl millet, moth 
bean, cluster bean, 
green gram

 

Sriganganagar 
(Rajasthan)

83 60-90 40-60 50-95  NA chickpea, rapeseed 
mustard, wheat

 

Jodhpur 
(Rajasthan)

73 <60 40-60 50-95 32 maize, cotton, 
paddy, chilli, 
sorghum, 
groundnut

 

Bikaner 
(Rajasthan)

58 <60 40-60 50-95 36 pearl millet, moth 
bean, cluster bean, 
green gram

 

40-80/ 2.1/
Semi-arid

Barmer 
(Rajasthan)

71 <60 40-60 50-95 44 pearl millet, moth 
bean, cluster bean, 
green gram

 

80-140/ 2.3/
Arid

Rajsamand 
(Rajasthan)

37 60-90 75-95 60-120 105 maize, sorghum  

Sirohi 
(Rajasthan)

44 60-90 75-95 60-120  NA maize, soybean, 
paddy, pigeon pea

 

Ajmer 
(Rajasthan)

61 60-90 75-95 60-120 95 sorghum, cluster 
bean, green gram, 
cotton

AVHRR min 90 
(1987) Drought 
Year
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Pali 
(Rajasthan)

69 60-90 75-95 60-120  83 pearl millet, moth 
bean, cluster 
bean, green gram, 
sorghum, sesame

AVHRR min 65 
days (1984)

Churu 
(Rajasthan)

92 60-90 75-95 60-120 69 pearl millet, moth 
bean, cluster bean

AVHRR min 65 
days in 1994/
AVHRR max 75 
days in 1987 

Jalor 
(Rajasthan)

79 60-90 75-95 60-120 70 pearl millet, moth 
bean, cluster bean, 
green gram

AVHRR min 
75 days in 1991 
Drought Year/
AVHRR max 
95 days in 2005 
Flood year

Jhunjhunun 
(Rajasthan)

80 60-90 75-95 60-120 80 pearl millet, moth 
bean, cluster bean, 
green gram

AVHRR min 
75 days in 1991 
Drought Year/
AVHRR max 
95 days in 2005 
Flood year

Nagaur 
(Rajasthan)

85 60-90 75-95 60-120 65 pearl millet, moth 
bean, cluster bean, 
green gram

AVHRR min 
70 days in 1985 
Drought Year/
AVHRR max 80 
days in 2004

Sikar 
(Rajasthan)

78 60-90 75-95 60-120  NA pearl millet, moth 
bean, cluster bean, 
green gram

AVHRR max 
95 days in 1983 
Flood Year

Udaipur 
(Rajasthan)

30 60-90 75-95 60-120 119 maize, sorghum, 
soybean, 
groundnut, black 
gram, green gram, 
sesame

AVHRR min 70 
days in 1984

Hanumangarh 
(Rajasthan)

92 60-90 75-95 60-120 48 chickpea, wheat, 
rapeseed mustard

AVHRR max 
90 days in 2006 
Flood Year/
AVHRR min 
70 days in 1985 
Drought Year

80-140/ 3/
Arid

Anantapur  
(Andhra 
Pradesh)

72 60-90 60-110 60-120  NA groundnut  

80-140/ 2.3/
Arid

BanasKantha 
(Gujarat)

82 60-90 75-95 60-120 96 pearl millet, 
castor, pulses, 
groundnut, cotton

 

80-140/ 2.4/
Arid

Patan 
(Gujarat)

87 60-90 60-95 60-130  NA pearl millet, black 
gram, green gram, 
sesame

 

Surendranagar 
(Gujarat)

83 60-90 60-95 60-130  NA pearl millet, 
castor, cotton, 
sesame

 

Jamnagar 
(Gujarat)

77 60-90 60-95 60-130  NA pearl millet, 
castor, pulses, 
groundnut, cotton

AVHRR min 70 
days in 1984/
AVHRR max 
90 days in 2006 
Flood Year
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Porbandar 
(Gujarat)

77 60-90 60-95 60-130  NA groundnut, cotton, 
pearl millet, 
sorghum

AVHRR max 
95 days in 2004 
Drought Year

Rajkot 
(Gujarat)

82 60-90 60-95 60-130  NA groundnut, cotton, 
sesame, pulses

AVHRR min 70 
days in 1984/
AVHRR max 
90 days in 2006 
Flood Year

Mahesana
(Gujarat)

89 60-90 60-95 60-130  NA pearl millet, green 
gram, groundnut

 

80-140/ 3/
Arid

Koppal 
(Karnataka)

83 60-90 60-90 60-120 117 maize, onion, 
sorghum, 
groundnut, paddy, 
sunflower

Tumkur 
(Karnataka)

81 60-90 60-90 60-120 113 finger millet, 
groundnut, pigeon 
pea, paddy

Bagalkot 
(Karnataka)

79 60-90 60-90 60-120 112 sorghum, 
sugarcane, maize, 
onion, green gram, 
groundnut, chick 
pea

80-140/ 8.2/ 
Semi-arid

Hassan 
(Karnataka)

72 120-150 100-
140

140-
150

NA paddy

80-140/ 4.1/
Semi-arid

Karauli 
(Rajasthan)

46 90-120 90-110 80-120 132 pearl millet, chick 
pea, rapeseed 
mustard, wheat, 
barley

 

Dhaulpur 
(Rajasthan)

56 90-120 90-110 80-120 136 pearl millet, 
rapeseed mustard, 
wheat, barley, 
chick pea

AVHRR max 125 
(2000) Drought 
Year

Jaipur 
(Rajasthan)

70 90-120 90-110 80-120 115 pearl millet, 
castor, pigeon pea, 
cotton, sesame, 
cluster bean

AVHRR min 
65 days (1984)/
AVHRR max 65 
days (2006) Flood 
year

Alwar 
(Rajasthan)

69 90-120 90-110 80-120 119 pearl millet, 
rapeseed mustard, 
maize, wheat, 
barley, chick pea

AVHRR max 
60 days (2004) 
Drought Year/
AVHRR -min 35 
days 1988 Flood 
year

Bharatpur 
(Rajasthan)

84 90-120 90-110 80-120 126 pearl millet, 
rapeseed mustard, 
wheat, barley, 
chick pea

AVHRR min70 
days in 1985 
Drought Year/
AVHRR max 
95 days in 2004 
Drought Year

Dausa 
(Rajasthan)

76 90-120 90-110 80-120 121 pearl millet, moth 
bean, cluster 
bean, green gram, 
cotton, groundnut

AVHRR min70 
days in 1985/
AVHRR max 
95 days in 2005 
Flood year

80-140/ 5.2/
Semi-arid

Kota 
(Rajasthan)

60 120-150 100-
130

110-
150

143 maize, soybean, 
black gram

AVHRR min 
65 days in 1994  
Flood year
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80-140/ 4.2/
Semi-arid

Bundi 
(Rajasthan)

55 90-120 80-100 80-120 126 soybean, maize, 
black gram, green 
gram, sesame

AVHRR max 
75 days in1987 
Drought Year

Sawai 
Madhopur 
(Rajasthan)

65 90-120 80-100 80-120 132 pearl millet, 
rapeseed mustard, 
barley, wheat, 
chick pea

AVHRR 50 
Days(1987) 
Drought Year/
AVHRR max 80 
days (2005) Flood 
year

Banswara 
(Rajasthan)

61 90-120 80-100 80-120 138 maize, soybean, 
paddy, pigeon pea

AVHRR max 80 
days 1990 (Flood 
year) / AVHRR 
min 55 days 1994 
Flood year

Bhilwara 
(Rajasthan)

58 90-120 80-100 80-120 118 pearl millet, 
soybean, maize, 
wheat, rapeseed 
mustard, 
chickpea, pigeon 
pea, sunflower, 
groundnut, green 
gram

AVHRR max days 
80 days 2004  
( Drought Year)/
AVHRR min 
50 days in 1994 
(Flood year); 
AVHRR max 70 
days in 2000   
( Drought Year)

Tonk 
(Rajasthan)

79 90-120 80-100 80-120 124 groundnut, cotton, 
sesame, cow pea, 
green gram

AVHRR min 
30 days in 1987 
Drought Year/
AVHRR max 110 
days in 1999

Dungarpur 
(Rajasthan)

50 90-120 80-100 80-120 123 maize, pulses, 
wheat, chick pea

 

Chittaurgarh 
(Rajasthan)

55 90-120 80-100 80-120 131 maize, sorghum, 
soybean, 
groundnut, black 
gram, cluster bean, 
sesame

 

80-140/ 18.2/
Semi-arid

Nellore 
(Andhra 
Pradesh)

50 120-150 120-
140

100-
150

 NA paddy, black 
gram, groundnut, 
sugarcane, 
sunflower

AVHRR max 
95 days in 2005 
Flood year

80-140/ 7.2/
Semi-arid

Mahbubnagar 
(Telangana)

72 120-150 90-130 110-
160

 NA paddy, pigeon 
pea, maize, castor, 
cotton

AVHRR min 
75 days in 1991 
Drought Year/
AVHRR max 95 
days in 2005 

Nalgonda 
(Telangana)

78 120-150 90-130 110-
160

 NA paddy , cotton, 
green gram , 
castor , pigeon pea

 

80-140/ 7.1/
Semi-arid

Cuddapah 
(Andhra 
Pradesh)

44 90-120 80-100 90-140  NA groundnut, 
paddy, chick pea, 
sunflower, cotton

AVHRR min70 
days in 1985 
Drought  year

Kurnool 
(Andhra 
Pradesh)

66 90-120 80-100 90-140  NA groundnut, 
sunflower, cotton, 
pigeon pea, castor, 
sorghum, chick 
pea

AVHRR max 95 
days in 2004
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80-140/ 7.3/
Semi-arid

Prakasam 
(Andhra 
Pradesh)

55 150-180 70-110 80-140  NA paddy, cotton, 
pigeon pea, castor, 
maize, chick pea

AVHRR min 65 
days in 1984 

80-140/ 8.1/
Semi-arid

Tirunelveli 
(Tamil Nadu)

65 90-120 70-110 80-140 229 paddy, maize, 
finger millet, 
sorghum, pearl 
millet, groundnut, 
sesame

AVHRR max 95 
days in 1983

80-140/ 8.3/
Semi-arid

Erode (Tamil 
Nadu)

54 120-150 80-130 110-
150

164 groundnut, paddy, 
sorghum, maize, 
moth bean

 

Sivaganga 
(Tamil Nadu)

74 120-150 80-130 110-
150

 NA groundnut, paddy, 
sesame, pulses, 
sugarcane

AVHRR min 75 
days in 1991/
AVHRR max 110 
days in 1999 

80-140/ 5.2/
Semi-arid

Dahod 
(Gujarat)

69 120-150 100-
130

110-
150

 NA maize, pigeon pea, 
paddy

 

PanchMahals 
(Gujarat)

80 120-150 100-
130

110-
150

 NA maize, pigeon pea, 
castor

 

Vadodara 
(Gujarat)

79 120-150 100-
130

110-
150

 NA pearl millet, 
pigeon pea, cotton, 
maize

 

80-140/ 5.1/
Semi-arid

Bhavnagar 
(Gujarat)

72 90-120 60-110 90-135 140 pearl millet, 
castor, pulses, 
groundnut, cotton

AVHRR min 
85 days in 1987  
Drought Year/
AVHRR max 120 
days in 1999

Amreli 
(Gujarat)

82 90-120 60-110 90-135 130 paddy, pearl 
millet, tobacco, 
cotton

 80-140/ 4.2/
Semi-arid

SabarKantha 
(Gujarat)

74 90-120 80-100 100-
150

 NA pigeon pea, black 
gram, green gram, 
groundnut

 

Gandhinagar 
(Gujarat)

86 90-120 80-100 80-120  NA pearl millet

Anand 
(Gujarat)

84 90-120 80-100 80-120  148 wheat, cotton, 
groundnut, pearl 
millet, green gram

 

Ahmadabad 
(Gujarat)

85 90-120 80-100 80-120 141 cotton, paddy, 
wheat, gram, pearl 
millet

 

80-140/ 5.3/
Semi-arid

Junagadh 
(Gujarat)

72 120-150 100-
120

100-
150

 NA pearl millet, green 
gram, groundnut

AVHRR min 70 
days in 1985

80-140/ 5.2/
Semi-arid

Ratlam 
(Madhya 
Pradesh)

79 120-150 100-
130

110-
150

143 soybean, maize, 
cotton, sorghum

AVHRR min 70 
days in 1984

Rajgarh 
(Madhya 
Pradesh)

83 120-150 100-
130

110-
150

162 soybean, maize, 
sorghum, wheat, 
chick pea

 

Indore 
(Madhya 
Pradesh)

70 120-150 100-
130

110-
150

148 soybean, maize, 
wheat, chick pea

AVHRR min 65 
days in 1984/
AVHRR max 
105 days in 2004 
Drought Year
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Barwani 
(Madhya 
Pradesh)

54 120-150 100-
130

110-
150

152 cotton, maize, 
sorghum, green 
gram, black gram, 
groundnut, pigeon 
pea, soybean, 
sugarcane

AVHRR min 
75 days in 1991 
Drought Year/
AVHRR min 70 
days in 1985/
AVHRR max 95 
days in 2005 

West Nimar 
(Madhya 
Pradesh)

61 120-150 100-
130

110-
150

154 soybean, cotton, 
sorghum, wheat, 
chickpea

 

East Nimar 
(Madhya 
Pradesh)

55 120-150 100-
130

110-
150

161 soybean, cotton, 
sorghum, wheat, 
chickpea

AVHRR min 
70 days in 1985 
Drought Year/
AVHRR max 95 
days in 2004

Jhabua 
(Madhya 
Pradesh)

70 120-150 100-
130

110-
150

142 soybean, black 
gram, paddy, 
maize, cotton, 
tomato, chilli

AVHRR min 55 
days 1994 Flood 
year

Mandsaur 
(Madhya 
Pradesh)

75 120-150 100-
130

110-
150

142 soybean, black 
gram, maize, green 
gram, sesame

AVHRR min 65 
days in 1984

Dhar (Madhya 
Pradesh)

76 120-150 100-
130

110-
150

146 maize, cotton, 
soybean, black 
gram, paddy

 

Shajapur 
(Madhya 
Pradesh)

83 120-150 100-
130

110-
150

 NA soybean, maize, 
wheat, chickpea, 
sorghum

 

Ujjain 
(Madhya 
Pradesh)

87 120-150 100-
130

110-
150

144 soybean, maize, 
wheat gram

 

Dewas 
(Madhya 
Pradesh)

63 120-150 100-
130

110-
150

150 soybean, cotton, 
maize, sorghum

80-140/ 4.3/
Semi-arid

Bhind 
(Madhya 
Pradesh)

85 120-150 90-120 100-
150

140 pearl millet, 
sesame, paddy, 
pigeon pea

AVHRR min 70 
days in 1984

80-140/ 4.2/
Semi-arid

Neemuch 
(Madhya 
Pradesh)

51 90-120 80-100 80-120 139 soybean, maize, 
black gram,  
sesame

AVHRR min 70 
days in 1984/
AVHRR max 
90 days in 2006 
Flood Year

80-140/ 4.4/
Semi-arid

Datia 
(Madhya 
Pradesh)

83 120-150 90-120 100-
150

147 sesame, 
groundnut, black 
gram, wheat

AVHRR max 
90 days in 2006 
Flood Year

Shivpuri 
(Madhya 
Pradesh)

55 120-150 90-120 100-
150

 NA pearl millet, 
sorghum, wheat, 
rapeseed mustard, 
chickpea

AVHRR min 65 
days in 1984/
AVHRR max 
105 days in 2004 
Drought Year

Gwalior 
(Madhya 
Pradesh)

56 120-150 90-120 100-
150

144 pearl millet, 
soybean, maize, 
wheat, rapeseed 
mustard, chickpea

AVHRR min 
75 days in 1991 
Drought Year/
AVHRR max 95 
days in 2005
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80-140/ 4.1/
Semi-arid 

Morena 
(Madhya 
Pradesh)

62 90-120 90-110 80-120 137 pearl millet, 
sesame, pigeon 
pea

 

Sheopur 
(Madhya 
Pradesh)

32 90-120 90-110 80-120  NA  pearl millet  

80-140/ 5.2/
Semi-arid

Nandurbar 
(Maharashtra)

58 120-150 100-
130

110-
150

146 cotton, pearl 
millet, maize, 
soybean

AVHRR max 
90 days in 2006 
Flood Year

80-140/ 6.1/
Semi-arid

Pune 
(Maharashtra)

63 90-120 80-110 90-130 197 paddy, pearl 
millet, groundnut, 
pigeon pea, 
onion, sunflower, 
sugarcane, aster, 
vegetables, grape

 

Solapur 
(Maharashtra)

87 90-120 80-110 90-130  NA pigeon pea, black 
gram, green 
gram,groundnut, 
pearl 
millet,sunflower, 
maize

AVHRR min 65 
days in 1985/
AVHRR max 
80 days in 2004 
Drought Year

Sangli 
(Maharashtra)

81 90-120 80-110 90-130 206 groundnut, pearl 
millet, pigeon pea, 
soybean, sorghum

AVHRR min 
35 days in 2003 
Flood Year/
AVHRR max 
80 days in 1990    
Flood Year

Beed 
(Maharashtra)

82 90-120 80-110 90-130 158 cotton, pigeon pea, 
soybean, pearl 
millet

AVHRR min 65 
days in 1984 

Osmanabad 
(Maharashtra)

89 90-120 80-110 90-130 155 cotton, sorghum, 
pigeon pea, 
soybean

AVHRR min 55 
days in 1983

80-140/ 6.2/
Semi-arid

Dhule 
(Maharashtra)

65 120-150 90-120 110-
150

175 pearl millet, 
soybean, maize, 
sunflower, paddy

 

Nasik 
(Maharashtra)

68 120-150 90-120 110-
150

116 pearl millet, finger 
millet, maize, 
paddy, soybean

AVHRR min 70 
days in 1984/
AVHRR max 
90 days in 2006 
Flood Year

Aurangabad 
(Maharashtra)

82 120-150 90-120 110-
150

157 cotton, pearl 
millet, maize, 
pigeon pea, 
soybean, green 
gram, black 
gram, chick pea, 
sorghum

 

Jalna 
(Maharashtra)

92 120-150 90-120 110-
150

159 cotton, maize, 
pigeon pea, 
soybean, pulses

 

Jalgaon 
(Maharashtra)

75 120-150 90-120 110-
150

177 cotton, 
sorghum,maize, 
black 
gram,sesame, 
groundnut

AVHRR min 25 
days 1998 (Flood 
year)
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Ahmednagar 
(Maharashtra)

80 120-150 90-120 110-
150

158 pearl millet, 
soybean, maize, 
onion, sugarcane

AVHRR max 
60 days (2004) 
Drought Year

80-140/ 6.1/
Semi-arid

Raichur 
(Karnataka)

87 90-120 80-110 90-130 144 paddy, sunflower, 
sorghum, chick 
pea, pearl millet

 

80-140/ 7.1/
Semi-arid

Bellary 
(Karnataka)

72 90-120 80-100 90-140 103 paddy, cotton, 
maize, sorghum, 
groundnut, pearl 
millet

 

80-140/ 6.2/
Semi-arid

Bijapur 
(Karnataka)

93 120-150 90-120 110-
150

117 sunflower, 
sorghum, chick 
pea, pearl millet, 
maize, pigeon pea

 

Gulbarga 
(Karnataka)

89 120-150 90-120 110-
150

154 pigeon pea, pearl 
millet, sorghum, 
sunflower, chick 
pea

 

80-140/ 3/
Semi-arid

Chitradurga 
(Karnataka)

76 60-90 60-90 60-120 94 groundnut, finger 
millet, sunflower, 
pigeon pea, maize

 

80-140/ 8.2/
Semi-arid 

Hassan 
(Karnataka)

72 120-150 100-
140

140-
150

NA maize, paddy, 
finger millet 
sunflower

 

Mandya 
(Karnataka)

79 120-150 100-
140

120-
150

120 paddy, sugarcane, 
finger millet, 
maize, mulberry

 

80-140/ 8.3/
Semi-arid

Kolar 
(Karnataka)

75 120-150 80-130 110-
150

182 finger millet, 
groundnut, pigeon 
pea,  paddy, maize

 

80-140/ 4.3/
Semi-arid

Hamirpur 
(Uttar 
Pradesh)

69 120-150 120-
150

100-
150

NA green gram, black 
gram, soybean, 
sesame, pigeon 
pea

 

80-140/ 4.4/
Semi-arid

Jhansi (Uttar 
Pradesh)

63 120-150 90-120 100-
150

 NA  maize

Mahoba (Uttar 
Pradesh)

72 120-150 90-120 100-
150

 NA pigeon pea

80-140/ 9.2/
Hot Dry Sub-
humid

Gaya (Bihar) 73 150-180 120-
140

140-
180

 NA paddy, maize, 
pigeon pea

AVHRR min 65 
days in 1984 /
AVHRR max 105 
days in 2004

Nawada 
(Bihar)

69 150-180 120-
140

140-
180

 NA paddy, maize, 
pigeon pea

AVHRR min 
70 days in 1985 
Drought Year

Jehanabad 
(Bihar)

91 150-180 120-
140

140-
180

 NA paddy, maize, 
pigeon pea

AVHRR max 95 
days in 2004

140-180/ 
11/Hot Dry 
Sub-humid

Nabarangpur 
(Odisha)

61 150-180 120-
140

120-
150

 NA maize, pigeon pea, 
paddy, cow pea, 
sugarcane

 

Durg 
(Chhattisgarh)

76 150-180 120-
140

120-
150

 NA green gram, black 
gram, groundnut, 
paddy, oilseeds, 
pulses, wheat
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140-180/ 
10.1/Hot Dry 
Sub-humid

Guna 
(Madhya 
Pradesh)

63 150-180 100-
160

120-
180

152 soybean, maize, 
wheat, sorghum, 
chick pea

 

140-180/ 
6.4/Hot Dry 
Sub-humid

Haveri 
(Karnataka)

83 150-180 120-
150

135-
160

190 maize, paddy, 
chilli, cotton, 
sorghum, 
groundnut

 AVHRR min 55 
days in 1983/
AVHRR max 
75 days in 2006 
Flood Year

Gadag 
(Karnataka)

89 150-180 120-
150

135-
160

136 sorghum, green 
gram, groundnut, 
maize, chick pea

Belgaum 
(Karnataka)

78 150-180 120-
150

135-
160

206 sugarcane, 
soybean, maize, 
groundnut, cotton

Dharwad 
(Karnataka)

85 150-180 120-
150

135-
160

216 maize, soybean, 
green gram, 
groundnut, paddy, 
cotton, chilli

140-180/ 
10.4/Hot 
Moist Sub-
humid

Kawardha 
(Chhattisgarh)

54 180-210 160-
180

140-
180

 NA paddy, soybean, 
maize, pigeon pea, 
black gram

Seoni 
(Madhya 
Pradesh)

60 180-210 160-
180

140-
180

 NA paddy, soybean, 
maize, groundnut, 
pigeon pea, wheat, 
chick pea

140-180/ 4.4/
Semi-arid

Sagar 
(Madhya 
Pradesh)

60 120-150 90-120 100-
150

161 soybean, paddy, 
black gram, green 
gram, maize

 

140-180/ 6.1/
Semi-arid

Satara 
(Maharashtra)

64 90-120 80-110 90-130 184 pearl millet, 
sorghum, 
paddy, soybean, 
groundnut

AVHRR min 
70 days in 1985 
Drought Year

140-180/ 8.2/
Semi-arid

Davanagere 
(Karnataka)

76 120-150 100-
140

120-
150

184 finger millet, 
maize, pigeon 
pea, groundnut, 
sunflower, cotton

 

Chikmagalur 
(Karnataka)

54 120-150 100-
140

120-
150

232 groundnut, maize, 
finger millet, field 
bean, moth bean

 

Bangalore 
–Rural 
(Karnataka)

71 120-150 100-
140

120-
150

176 finger millet, 
groundnut, pigeon 
pea, sunflower, 
paddy, maize

 

140-180/ 5.2/
Semi-arid

Jhalawar 
(Rajasthan)

58 120-150 100-
130

110-
150

146 soybean, maize

Baran 
(Rajasthan)

54 120-150 100-
130

110-
150

146 soybean, maize, 
paddy

Sources: *1 NBSS&LUP,1999
 *2 www.bhuvan.nrsc.gov.in
 *3 Water balance FAO, (1981)
 *4 CRIDA (Crop contingency planning)
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Annexure-5
Typology based on LGP derived from MODIS-NDVI

LGP (days)/ 
AESR No/ 
Bio-climate 
based on 
Thorthwaite 
MI* (NBSS & 
LUP, 1999)

Vulnerable 
districts

Actual 
area 

under 
agri. 
(% ) 

*(www.
huvan.
nrsc. 

gov.in)

LGP (in days) Vulnerable crops
*CRIDA (Crop 
contingency 
planning)

Adverse impact 
on LGP Normal 

LGP 
*(based 

on 
Water 

balance 
FAO 

(1981)

Estima 
ted 

from 
AVH 
RR-

NDVI

Estima 
ted 

from 
MOD 

IS-
NDVI

Based 
on MI 
(AICR 
PAM)

50-100/ 2.1/
Arid

Jaisalmer
(Rajasthan)

28 <60 40-60 50-95 15 pearl millet, moth 
bean, cluster bean, 
green gram

MODIS max 
90 days (2005)  
Drought Year

Jodhpur 
(Rajasthan)

73 <60 40-60 50-95 32 maize, cotton, 
paddy, chilli, 
sorghum, 
groundnut

 

50-100/ 2.2/
Arid 

Kachchh 
(Gujarat)

26 <60 40-60 50-95  NA cotton, wheat, 
groundnut, pulses, 
cumin, pearl millet

MODIS max 90 
days (2005) Flood 
year

50-100/ 2.1/
Semi-arid

Barmer 
(Rajasthan)

71 <60 40-60 50-95 44 pearl millet, moth 
bean, cluster bean, 
green gram

MODIS max 
90 days (2005)  
Drought Year

Sriganganagar 
(Rajasthan)

83 <60 40-60 50-95  NA chick pea, 
rapeseed mustard, 
wheat

 

Bikaner 
(Rajasthan)

58 <60 40-60 50-95 36 pearl millet, moth 
bean, cluster bean, 
green gram

MODIS max 
90 days (2005)  
Drought Year

50-100/ 4.2/
Semi-arid

Dungarpur 
(Rajasthan)

50 90-120 80-100 80-120 123 maize, pulses, 
wheat, chick pea

 

100-150/ 3/
Arid 

Anantapur 
(Andhra 
Pradesh)

72 60-90 60-110 60-120  NA groundnut MODIS min 40 
days (2009) Flood 
year

100-150/ 2.4/
Arid

Jamnagar 
(Gujarat)

77 60-90 60-95 60-130  NA pearl millet, 
castor, pulses, 
groundnut, cotton

Porbandar 
(Gujarat)

77 60-90 60-95 60-130  NA groundnut, cotton, 
pearl millet, 
sorghum

Rajkot 
(Gujarat)

82 60-90 60-95 60-130  NA groundnut, cotton, 
sesame, pulses

MODIS min 
75 days 2012, 
MODIS max 155 
days 2002 

Mahesana 
(Gujarat)

89 60-90 60-95 60-130  NA pearl millet, green 
gram, groundnut

MODIS min 55 
days 2005 Flood 
Year, MODIS max 
160 days 2006 
Flood Year
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Patan (Gujarat) 87 60-90 60-95 60-130  NA pearl millet, black 
gram, green gram, 
sesame

MODIS min 40 
days (2009)

Surendranagar 
(Gujarat)

83 60-90 60-95 60-130  NA pearl millet, 
castor, cotton, 
sesame

MODIS min 40 
days (2009) 

100-150/ 2.3/
Arid

Banas Kantha 
(Gujarat)

82 60-90 75-95 60-120 96 pearl millet, 
castor, pulses, 
groundnut, cotton

MODIS Max 160 
days (2004) 

Udaipur 
(Rajasthan)

30 60-90 75-95 60-120 119 maize, sorghum, 
soybean, 
groundnut, black 
gram, green gram, 
sesame

Hanumangarh 
(Rajasthan)

92 60-90 75-95 60-120 48 chickpea, wheat, 
mustard

Ajmer 
(Rajasthan)

61 60-90 75-95 60-120 95 sorghum, cluster 
bean, green gram, 
cotton

Pali 
(Rajasthan)

69 60-90 75-95 60-120 83 pearl millet, moth 
bean, cluster 
bean, green gram, 
sorghum, sesame

Rajsamand 
(Rajasthan)

37 60-90 75-95 60-120 105 maize, sorghum  

Sirohi 
(Rajasthan)

44 60-90 75-95 60-120  NA maize, soybean, 
paddy, pigeon pea

MODIS min 45 
days (2009) Flood 
year

Churu 
(Rajasthan)

92 60-90 75-95 60-120 69 pearl millet, moth 
bean, cluster bean

MODIS max 
180 days 2004 
Drought Year

Jalor
(Rajasthan)

79 60-90 75-95 60-120 70 pearl millet, moth 
bean, cluster bean, 
green gram

MODIS max 
180 days 2004 
Drought Year

Jhunjhunun 
(Rajasthan)

80 60-90 75-95 60-120  80 pearl millet, moth 
bean, cluster bean, 
green gram

 

Nagaur 
(Rajasthan)

85 60-90 75-95 60-120 65 pearl millet, moth 
bean, cluster bean, 
green gram

 

Sikar 
(Rajasthan)

78 60-90 75-95 60-120  NA pearl millet, moth 
bean, cluster bean, 
green gram

 

100-150/ 3/
Arid

Koppal 
(Karnataka)

83 60-90 60-90 60-120 117 maize, onion, 
sorghum, 
groundnut, paddy, 
sunflower

Tumkur 
(Karnataka)

81 60-90 60-90 60-120 113 finger millet, 
groundnut, pigeon 
pea, paddy

Bagalkot 
(Karnataka)

79 60-90 60-90 60-120 112 sorghum, 
sugarcane, maize, 
onion, green gram, 
groundnut, chick 
pea
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100-150/ 4.4/
Semi-arid

Jhansi
(Uttar Pradesh)

63 120-150 90-120 100-
150

NA  maize  

Mahoba
(Uttar Pradesh)

72 120-150 90-120 100-
150

 NA pigeon pea  

100-150/ 4.3/
Semi-arid

Hamirpur 
(Uttar Pradesh)

69 120-150 120-
150

100-
150

 NA green gram, black 
gram, soybean, 
sesame, pigeon 
pea

 

100-150/ 7.3/
Semi-arid

Prakasam
(Andhra 
Pradesh)

55 150-180 70-110 80-140  NA paddy, cotton,  
pigeon pea , 
castor, maize, 
chick pea

MODIS min 
65 days 2011, 
MODIS max 165 
days 2004

100-150/ 7.1/
Semi-arid

Cuddapah 
(Andhra 
Pradesh)

44 90-120 80-100 90-140  NA groundnut, 
paddy, chickpea, 
sunflower, cotton

 

Kurnool 
(Andhra 
Pradesh) 

66 90-120 80-100 90-140  NA groundnut, 
sunflower, cotton, 
pigeon pea, castor, 
sorghum, chick 
pea

MODIS min 
75 days 2009, 
MODIS max 
170 days 2002 
Drought Year

100-150/ 
18.2/Semi-
arid

Nellore 
(Andhra 
Pradesh)

50 120-150 120-
140

100-
150

 NA paddy, black 
gram, groundnut, 
sugarcane, 
sunflower

MODIS min 40 
days (2009) 

100-150/ 8.1/
Semi-arid

Tirunelveli 
(Tamil Nadu )

65 90-120 70-110 80-140 229 paddy, maize, 
finger millet, 
sorghum, pearl 
millet, groundnut, 
sesame

MODIS min 
75 days 2012, 
MODIS max 155 
days 2002

100-150/ 8.3/
Semi-arid

Erode
(Tamil Nadu)

54 120-150 80-130 110-
150

164 groundnut, paddy, 
sorghum, maize, 
moth bean

MODIS max 
170 days 2002 
Drought Year, 
MODIS min 70 
days 2012

Sivaganga
(Tamil Nadu)

74 120-150 80-130 110-
150

 NA groundnut, paddy, 
sesame, pulses, 
sugarcane

MODIS min 75 
days 2011

100-150/ 5.2/
Semi-arid

Dahod
(Gujarat)

69 120-150 100-
130

110-
150

 NA maize, pigeon pea, 
paddy

MODIS max 
180 days 2004, 
MODIS max  
195 days 2002 
Drought Year

Panch Mahals 
(Gujarat)

80 120-150 100-
130

110-
150

 NA maize, pigeon pea, 
castor

 

Vadodara 
(Gujarat)

79 120-150 100-
130

110-
150

 NA pearl millet, 
pigeon pea, 
cotton, maize

MODIS min 40 
days (2009) 

100-150/ 4.2/
Semi-arid

Gandhinagar 
(Gujarat)

86 90-120 80-100 80-120  NA  pearl millet MODIS max 
155 days 2002 
Drought Year

Anand
(Gujarat)

84 90-120 80-100 80-120 148 wheat, cotton, 
groundnut, pearl 
millet, green gram

MODIS max 
195 days 2002 
Drought Year

Ahmadabad 
(Gujarat)

85 90-120 80-100 80-120 141 cotton, paddy, 
wheat, gram, pearl 
millet

MODIS max 
195 days 2002 
Drought Year
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SabarKantha 
(Gujarat)

74 90-120 80-100 100-
150

 NA pigeon pea, black 
gram, green gram, 
groundnut

MODIS max 
155 days 2002 
Drought Year

100-150/ 5.1/
Semi-arid

Amreli
(Gujarat)

82 90-120 60-110 90-135 130 paddy, pearl 
millet, tobacco, 
cotton

 

Bhavnagar
(Gujarat)

72 90-120 60-110 90-135 140 pearl millet, 
castor, pulses, 
groundnut, cotton

MODIS min 
75 days 2011, 
MODIS max 90 
days (2005) Flood 
year

100-150/ 5.3/
Semi-arid

Junagadh 
(Gujarat)

72 120-150 100-
120

100-
150

 NA pearl millet, green 
gram, groundnut

MODIS min 55 
days 2005 Flood 
Year, MODIS max 
160 days 2006 
Flood Year

100-150/ 5.2/
Semi-arid

Shajapur 
(Madhya 
Pradesh)

83 120-150 100-
130

110-
150

 NA soybean, maize, 
wheat, chick pea, 
sorghum

 

Dewas 
(Madhya 
Pradesh)

63 120-150 100-
130

110-
150

150 soybean, cotton, 
maize, sorghum

 

Jhabua 
(Madhya 
Pradesh)

70 120-150 100-
130

110-
150

142 soybean, black 
gram, paddy, 
maize, cotton, 
tomato, chilli

 

Indore 
(Madhya 
Pradesh)

70 120-150 100-
130

110-
150

148 soybean, maize, 
wheat, chick pea

 

West Nimar 
(Madhya 
Pradesh)

61 120-150 100-
130

110-
150

154 soybean, cotton, 
sorghum, wheat, 
chick pea

 

East Nimar 
(Madhya 
Pradesh)

55 120-150 100-
130

110-
150

161 soybean, cotton, 
sorghum, wheat, 
chick pea

MODIS max  
195 days 2002  
Drought Year

Mandsaur
(Madhya 
Pradesh)

75 120-150 100-
130

110-
150

142 soybean, black 
gram, maize, 
green gram, 
sesame

 

Dhar
(Madhya 
Pradesh)

76 120-150 100-
130

110-
150

146 maize, cotton, 
soybean, black 
gram, paddy

MODIS min 
65 days 2011, 
MODIS max 165 
days 2004

Barwani
(Madhya 
Pradesh)

54 120-150 100-
130

110-
150

152 cotton, maize, 
sorghum, green 
gram, black gram, 
groundnut, pigeon 
pea, soybean, 
sugarcane

MODIS min 
75 days 2009, 
MODIS max 
170 days 2002 
Drought Year

Ujjain 
(Madhya 
Pradesh)

87 120-150 100-
130

110-
150

144 soybean, maize, 
wheat, chick pea

MODIS min 55 
days 2005 Flood 
Year, MODIS max 
160 days 2006 
Flood Year
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Ratlam 
(Madhya 
Pradesh)

79 120-150 100-
130

110-
150

143 soybean, maize, 
cotton, sorghum

MODIS min 
75 days 2009, 
MODIS max 
170 days 2002 
Drought Year

Rajgarh 
(Madhya 
Pradesh)

83 120-150 100-
130

110-
150

162 soybean, maize, 
sorghum, wheat, 
chick pea

 

100-150/ 4.2/
Semi-arid

Neemuch 
(Madhya 
Pradesh)

51 90-120 80-100 80-120 139 soybean, maize, 
black gram,  
sesame

MODIS max 
155 days 2002 
Drought Year

100-150/ 4.1/
Semi-arid

Sheopur 
(Madhya 
Pradesh)

32 90-120 90-110 80-120  NA pearl millet  

Morena 
(Madhya 
Pradesh)

62 90-120 90-110 80-120 137 pearl millet, 
sesame, pigeon 
pea

MODIS min 40 
days (2009) Flood 
year

100-150/ 4.4/
Semi-arid

Shivpuri 
(Madhya 
Pradesh)

55 120-150 90-120 100-
150

 NA pearl millet, 
sorghum, wheat, 
mustard, chick pea

MODIS min 55 
days 2005 Flood 
Year, MODIS max 
160 days 2006 
Flood Year

Sagar (Madhya 
Pradesh)

60 120-150 90-120 100-
150

161 soybean, paddy, 
black gram, green 
gram, maize

 

Gwalior 
(Madhya 
Pradesh)

56 120-150 90-120 100-
150

144 pearl millet, 
soybean, maize, 
wheat, rapeseed 
mustard, chick pea

 

Datia (Madhya 
Pradesh)

83 120-150 90-120 100-
150

147 sesame, 
groundnut, black 
gram, wheat

 

100-150/ 4.3/
Semi-arid

Bhind 
(Madhya 
Pradesh)

85 120-150 90-120 100-
150

140 pearl millet, 
sesame, paddy, 
pigeon pea

 

100-150/ 4.2/
Semi-arid

Sawai 
Madhopur 
(Rajasthan)

65 90-120 80-100 80-120 132 pearl millet, 
rapeseed mustard, 
barley, wheat, 
chick pea

 

Bundi 
(Rajasthan)

55 90-120 80-100 80-120 126 soybean, maize, 
black gram, green 
gram, sesame

MODIS max 
155 days 2002 
Drought Year

Chittaurgarh 
(Rajasthan)

55 90-120 80-100 80-120 131 maize, sorghum, 
soybean, 
groundnut, black 
gram, cluster 
bean, sesame

 

Banswara 
(Rajasthan)

61 90-120 80-100 80-120 138 maize, soybean, 
paddy, pigeon pea

 

Bhilwara 
(Rajasthan)

58 90-120 80-100 80-120 118 pearl millet, 
soybean, maize, 
wheat, rapeseed 
mustard, chick- 
pea, pigeon pea, 
sunflower, ground-
nut, green gram

MODIS max 
160 days (2004) 
Drought Year  
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Tonk 
(Rajasthan)

79 90-120 80-100 80-120 124 groundnut, cotton, 
sesame, cowpea, 
green gram

100-150/ 5.2/
Semi-arid

Kota 
(Rajasthan)

60 120-150 100-
130

110-
150

143 maize, soybean, 
black gram

Jhalawar 
(Rajasthan)

58 120-150 100-
130

110-
150

146 soybean, maize  

Baran 
(Rajasthan)

54 120-150 100-
130

110-
150

146 soybean, maize, 
paddy

 

100-150/ 4.1/
Semi-arid

Dhaulpur 
(Rajasthan)

56 90-120 90-110 80-120 136 pearl millet, 
rapeseed mustard, 
wheat, barley, 
chick pea

 

Jaipur
(Rajasthan)

70 90-120 90-110 80-120 115 pearl millet, 
castor, pigeon pea, 
cotton, sesame, 
cluster bean

 

Alwar 
(Rajasthan)

69 90-120 90-110 80-120 119 pearl millet, 
rapeseed mustard, 
maize, wheat, 
barley, chick pea

 

Karauli 
(Rajasthan)

46 90-120 90-110 80-120 132 pearl millet, chick 
pea, rapeseed 
mustard, wheat, 
barley

MODIS min 40 
days (2009) Flood 
year

Bharatpur 
(Rajasthan)

84 90-120 90-110 80-120 126 pearl millet, 
mustard, wheat, 
barley, chick pea,

 

Dausa 
(Rajasthan)

76 90-120 90-110 80-120 121 pearl millet, moth 
bean, cluster 
bean, green gram, 
cotton, groundnut

 

100-150/ 6.2/
Semi-arid

Dhule 
(Maharashtra)

65 120-150 90-120 110-
150

175 pearl millet, 
soybean, maize, 
sunflower, paddy

 

Nasik 
(Maharashtra)

68 120-150 90-120 110-
150

116 pearl millet, finger 
millet, maize, 
paddy, soybean

Aurangabad 
(Maharashtra)

82 120-150 90-120 110-
150

157 cotton, pearl 
millet, maize, 
pigeon pea, 
soybean, green 
gram, black 
gram, chick pea, 
sorghum

MODIS min 55 
days 2005 Flood 
Year, MODIS 
max 160 days 
2006 Flood Year, 
MODIS max 170 
days 2004

Jalna 
(Maharashtra)

92 120-150 90-120 110-
150

159 cotton, maize,  
pigeon pea, 
soybean, pulses

MODIS min 55 
days 2005 Flood 
Year

Jalgaon 
(Maharashtra)

75 120-150 90-120 110-
150

177 cotton, sorghum, 
maize, black 
gram, sesame, 
groundnut

MODIS max 170 
days 2004
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Ahmednagar 
(Maharashtra)

80 120-150 90-120 110-
150

158 pearl millet, 
soybean, maize, 
onion, sugarcane

 

100-150/ 6.1/
Semi-arid

Beed 
(Maharashtra)

82 90-120 80-110 90-130 158 cotton, pigeon 
pea, soybean, 
pearl millet

MODIS min 
70 days 2011, 
MODIS max 150 
days 2006 Flood 
Year

Osmanabad 
(Maharashtra)

89 90-120 80-110 90-130 155 cotton, sorghum, 
pigeon pea, 
soybean

MODIS min 
70 days 2011, 
MODIS max 150 
days 2006 Flood 
Year

Pune 
(Maharashtra)

63 90-120 80-110 90-130 197 paddy, pearl 
millet, groundnut, 
pigeon pea, onion,  
aster, sunflower,  
grape,
sugarcane, 
vegetables

MODIS min 
75 days 2009, 
MODIS max 
170 days 2002 
Drought Year

Satara 
(Maharashtra)

64 90-120 80-110 90-130 184 pearl millet, 
sorghum, 
paddy, soybean, 
groundnut

MODIS min 
70 days 2012, 
MODIS max 
170 days 2002 
Drought Year, 
MODIS min 65 
days 2011

Solapur 
(Maharashtra)

87 90-120 80-110 90-130  NA pigeon pea, black 
gram, green gram, 
groundnut, pearl 
millet, sunflower, 
maize

MODIS min 
85 days 2001, 
MODIS max  
145 days 2002 
(Drought Year)

Sangli 
(Maharashtra)

81 90-120 80-110 90-130 206 groundnut, pearl 
millet, pigeon pea, 
soybean, sorghum

 

100-150/ 5.2/
Semi-arid

Nandurbar 
(Maharashtra)

58 120-150 100-
130

110-
150

 146 cotton, pearl 
millet, maize, 
soybean

MODIS min 55 
days 2005 Flood 
Year

100-150/ 8.2/
Semi-arid

Chikmagalur 
(Karnataka)

54 120-150 100-
140

120-
150

232 groundnut, maize, 
finger millet, field 
bean, horse gram

MODIS min 
85 days 2012, 
MODIS max 
120 days 2002 
Drought Year

Hassan 
(Karnataka)

72 120-150 100-
140

140-
150

NA maize, paddy, 
finger millet 
sunflower

 

Davanagere 
(Karnataka)

76 120-150 100-
140

120-
150

184 finger millet, 
maize, pigeon 
pea, groundnut, 
sunflower, cotton

Mandya 
(Karnataka)

79 120-150 100-
140

120-
150

120 paddy, sugarcane,  
finger millet , 
maize, mulberry

Bangalore 
–Rural 
(Karnataka)

71 120-150 100-
140

120-
150

176 finger millet, 
groundnut, pigeon 
pea, sunflower, 
paddy, maize
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100-150/ 8.3/
Semi-arid

Kolar 
(Karnataka)

75 120-150 80-130 110-
150

182 finger millet, 
groundnut, pigeon 
pea,  paddy, maize

 

100-150/ 7.1/
Semi-arid

Bellary 
(Karnataka)

72 90-120 80-100 90-140 103 paddy, cotton, 
maize, sorghum, 
groundnut, pearl 
millet

 

100-150/ 6.1/
Semi-arid

Raichur 
(Karnataka)

87 90-120 80-110 90-130 144 paddy, sunflower, 
sorghum, chick 
pea, pearl millet

 

100-150/ 6.2/
Semi-arid

Bijapur 
(Karnataka)

93 120-150 90-120 110-
150

117 sunflower, 
sorghum, 
chickpea, pearl 
millet, maize, 
pigeon pea

 

Gulbarga 
(Karnataka)

89 120-150 90-120 110-
150

154 pigeon pea, pearl 
millet, sorghum, 
sunflower, chick 
pea

 

100-150/ 3/
Semi-arid

Chitradurga 
(Karnataka)

76 60-90 60-90 60-120 94 groundnut, finger 
millet, sunflower,  
maize

 

100-150/ 11/
Hot moist,dry 
sub-humid

Durg 
(Chhattisgarh)

76 150-180 120-
140

120-
150

 NA green gram, black 
gram, groundnut, 
paddy, oilseeds, 
pulses, wheat

 

100-150/ 9.2/
Hot Dry Sub-
humid

Gaya (Bihar) 73 150-180 120-
140

140-
180

NA paddy, maize, 
pigeon pea

 

150-180/ 7.2/
Semi-arid

Nalgonda 
(Telangana)

78 120-150 90-130 110-
160

 NA paddy, cotton, 
green gram, 
castor, pigeon pea

MODIS min 75 
days 2009 

Mahbubnagar
(Telangana)

72 120-150 90-130 110-
160

 NA paddy, pigeon 
pea, maize, castor, 
cotton

MODIS max 160 
days (2004) 

150-180/ 9.2/
Hot Dry Sub-
humid

Nawada 
(Bihar)

69 150-180 120-
140

140-
180

 NA paddy, maize,  
pigeon pea

 

Jehanabad 
(Bihar)

91 150-180 120-
140

140-
180

 NA paddy, maize,  
pigeon pea

MODIS min 70 
days (2008) Flood 
Year 

150-180/ 11/
Hot Dry Sub-
humid

Nabarangpur 
(Odisha)

61 150-180 120-
140

120-
150

NA maize, pigeon pea, 
paddy, cow pea, 
sugarcane

MODIS min 
75 days 2012, 
MODIS max 155 
days 2002

150-180/ 
10.1/Hot Dry 
Sub-humid

Guna (Madhya 
Pradesh)

63 150-180 100-
160

120-
180

152 soybean, maize, 
wheat, sorghum, 
chick pea

 

150-180/ 6.4/
Hot Dry Sub-
humid

Haveri 
(Karnataka)

83 150-180 120-
150

135-
160

190 maize, paddy, 
chilli, cotton, 
sorghum, 
groundnut

 

Belgaum 
(Karnataka)

78 150-180 120-
150

135-
160

206 sugarcane, 
soybean, maize, 
groundnut, cotton

MODIS max 165 
days 2004
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Gadag 
(Karnataka)

89 150-180 120-
150

135-
160

136 sorghum, green 
gram, groundnut, 
maize, chick pea

 

Dharwad 
(Karnataka)

85 150-180 120-
150

135-
160

216 maize, soybean, 
green gram, 
groundnut, paddy, 
cotton, chilli

 

150-180/ 
10.4/Hot 
Moist Sub-
humid

Kawardha 
(Chhattisgarh)

54 180-210 160-
180

140-
180

 NA paddy, soybean, 
maize, pigeon pea, 
black gram

 

Seoni (Madhya 
Pradesh)

60 180-210 160-
180

140-
180

 NA paddy, soybean, 
maize, groundnut, 
pigeon pea, wheat, 
chick pea

 

Sources: *1 NBSS&LUP, 1999
 *2 www.bhuvan.nrsc.gov.in
 *3 Water balance FAO, (1981)
 *4 CRIDA (Crop contingency planning)

Annexure-6

Cropping system based typology
Cropping 
system/ 
AESR/ 
Bio-climate 
based on 
Thorthwaite 
MI*(NBSS 
& LUP, 
1999)

Vulnerable 
districts

Actual 
area 

under 
agri. 
(%)

*(www.
bhuvan.

nrsc. 
gov.in)

LGP (in days) Major crops 
grown(area000 
ha)
(K-Kharif, 
R-Rabi, Z-Zaid)
*CRIDA (Crop 
contingency 
planning)

Vulnerable 
crops

Normal 
LGP 

*(based 
on Water 
balance 

FAO 
(1981)

Estima- 
-ted 
from 
AVH 
RR - 

NDVI

Estima-
ted 

from 
MOD 

IS-
NDVI

Based 
on MI 
(AIC 
R P 
AM)

Paddy-
based/ 7.2/
Semi-arid 

Nalgonda 
(Telangana)

78 120-150 90-130 110-160  NA paddy (K-163.0,R- 
147.7), cotton 
(R-106.2), green 
gram (K-43.9), 
castor (K-39.4), 
pigeon pea, 
(R-37.5), groundnut 
(K-15.2,R-16.6)

paddy , cotton, 
green gram , 
castor, pigeon 
pea

Paddy-based/ 
18.2/ Semi-
arid

Nellore  
(Andhra 
Pradesh)

50 120-150 120-140 100-150  NA paddy (K-64.6,R-
191.5)

paddy, 
black gram, 
groundnut, 
sugarcane, 
sunflower

Paddy-
based/ 4.2/
Semi-arid

Anand
 (Gujarat)

84 90-120 80-100 80-120 148 paddy (K-88,R-2), 
wheat (R-53.7), 
pearl millet 
(K-29,Z-19)

wheat, cotton, 
groundnut, 
pearl millet, 
green gram

Paddy-
based/ 8.1/
Semi-arid

Tirunelveli  
(Tamil Nadu)

65 90-120 70-110 80-140 229 paddy (K-22.5,R-
64.7)

paddy, maize, 
finger millet, 
sorghum, 
pearl millet, 
groundnut, 
sesame
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Paddy-
based/ 8.3/
Semi-arid

Sivaganga  
(Tamil Nadu)

74 120-150 80-130 110-150  NA paddy (R-76.7) groundnut, 
paddy, sesame, 
pulses, 
sugarcane

Paddy-
based/ 8.2/
Semi-arid

Hassan 
(Karnataka)

72 120-150 100-140 140-150 NA paddy maize, paddy, 
finger millet 
sunflower

Paddy-
based/ 6.1/
Semi-arid

Raichur  
(Karnataka)

87 90-120 80-110 90-130 144 paddy (K-94.4, 
Z-70.7), sunflower 
(K-67.8,R-91.3,Z-
3.7), sorghum 
(K-0.70,R-91.2,Z-
0.4), chick pea 
(R-76.5), pearl 
millet (K-53.5, 
Z-08, groundnut 
(K-10.5, Z-28.7), 
cotton (K-26.6)

paddy, 
sunflower, 
sorghum, 
chick pea, 
pearl millet

Paddy-
based/ 7.1/
Semi-arid

Bellary  
(Karnataka)

72 90-120 80-100 90-140 103 paddy (K-105.4,Z-
105.4), sunflower 
(K-31.4,Z-86.7), 
maize (K-53.2, 
R-41.7), groundnut 
(K-15.7,R-57.0), 
sorghum (K-19.5, 
R-38.9), chick pea 
(K-21.5,R-32.2)

paddy, cotton, 
maize, 
sorghum, 
groundnut, 
pearl millet

Paddy-
based/ 8.2/
Semi-arid

Chikmagalur 
(Karnataka)

54 120-150 100-140 120-150 232 finger millet 
(K-55.5), paddy 
(K-42,Z-3) 

groundnut, 
maize, finger 
millet, field 
bean, moth 
bean

Mandya 
(Karnataka)

79 120-150 100-140 120-150 120 paddy (K-70.2,Z-
20), finger millet 
(K-77,R-5,Z-2), 
sugarcane (K-25, 
R-3,Z-2)

paddy, 
sugarcane, 
finger millet, 
maize, 
mulberry

Paddy-
based/ 11/
Hot Dry sub-
humid 

Nabarangpur 
(Odisha)

61 150-180 120-140 120-150  NA paddy (K-158.93), 
maize (K-46.53)

maize, pigeon 
pea, paddy, 
cowpea, 
sugarcane

Paddy-
based/ 9.2/
Hot Dry sub-
humid 

Gaya (Bihar) 73 150-180 120-140 140-180  NA paddy (K-177.5), 
wheat (R-81.5)

paddy, maize, 
pigeon pea

Jehanabad 
(Bihar)

91 150-180 120-140 140-180  NA paddy (K-57.7) paddy, maize, 
pigeon pea

Nawada  
(Bihar)

69 150-180 120-140 140-180  NA paddy (K- 85.9), 
wheat (R- 48.01)

paddy, maize, 
pigeon pea

Paddy-
based/ 11/
Hot Dry sub-
humid

Durg (Chhattis 
garh)

76 150-180 120-140 120-150  NA paddy (K-439.6), 
lathyrus (R-95.8), 
gram (R-90.9), 
oilseeds (K-43.6), 
soybean (K-31.2)

green gram, 
black gram, 
groundnut, 
paddy, oilseeds, 
pulses, wheat

Paddy-
based/ 10.4/
Hot moist 
Sub-humid

Seoni 
(Madhya 
Pradesh)

60 180-210 160-180 140-180  NA paddy (K-120.4), 
soybean (K-110.7), 
wheat (R-106.6), 
chick pea (R-45.9)

paddy, soybean, 
maize, 
groundnut, 
pigeon pea, 
wheat, chick 
pea
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Kawardha
(Chhattis 
garh)

54 180-210 160-180 140-180  NA paddy (K-80.1) paddy, soybean, 
maize, pigeon 
pea, black gram

Wheat-
based/ 4.4/ 
Semi-arid 

Gwalior  
(Madhya 
Pradesh)

56 120-150 90-120 100-150 144 wheat (R-87), 
rapeseed mustard 
(R-55.6)

pearl millet, 
soybean, maize, 
wheat, rapeseed 
mustard, chick 
pea

Datia
(Madhya 
Pradesh)

83 120-150 90-120 100-150 147 wheat (R-135), 
sesame (K-34.3), 
gram (R-37.6)

sesame, 
groundnut, 
black gram, 
wheat

Mahoba
(Uttar 
Pradesh)

72 120-150 90-120 100-150  NA wheat (R-71.9), 
gram (R- 65.4), 
sesame (K-30.6), 
green gram 
(K-28.6)

pigeon pea

Wheat-
based/ 4.2/
Semi-arid

Bundi
 (Rajasthan)

55 90-120 80-100 80-120 126 wheat (R-117.8), 
rapeseed mustard 
(R-84.2), soybean 
(K-76.4), maize 
(K-32.6)

soybean, maize, 
black gram, 
green gram, 
sesame

 Maize 
–based/ 2.3/ 
Arid

Rajsamand 
(Rajasthan)

37 60-90 75-95 60-120 105 maize (K-59.5), 
wheat (R-34.4)

maize, sorghum

Udaipur  
(Rajasthan)

30 60-90 75-95 60-120 119 maize (K-193.4), 
wheat (R-79.3)

maize, 
sorghum, 
soybean, 
groundnut, 
black gram, 
green gram, 
sesame

Maize 
–based / 5.2/ 
Semi-arid

Jhabua
 (Madhya 
Pradesh)

70 120-150 100-130 110-150 142 maize (K-113.5), 
black gram 
(K-65.3), cotton 
(K-34.9), soybean 
(R-37), wheat 
(R-38)

soybean, black 
gram, paddy, 
maize, cotton, 
tomato, chilli

Maize 
–based / 7.2/
Semi-arid

Mahbubnagar  
(Telangana)

72 120-150 90-130 110-160  NA maize (K-393), 
castor (K-139), 
paddy (K-123), 
groundnut (K-87), 
pigeon pea (K-82), 
sorghum (K-56,R-
20), cotton (K-61)

paddy, pigeon 
pea, maize, 
castor, cotton

Maize 
–based / 8.2/
Semi-arid

Davanagere 
(Karnataka)

76 120-150 100-140 120-150 184 maize (K- 176.2), 
paddy (K-63,Z-47)

finger millet, 
maize, pigeon 
pea, groundnut, 
sunflower, 
cotton

Maize 
–based / 5.2/ 
Semi-arid

Dahod 
(Gujarat)

69 120-150 100-130 110-150  NA maize (K-102,R-
33), paddy 
(K-90.6), wheat 
(R-65.3), gram 
(R-56.7), soybean 
(K-36)

maize, pigeon 
pea, paddy

PanchMahals 
(Gujarat)

80 120-150 100-130 110-150  NA maize (K-132,R-
22), paddy 
(K-72.4)

maize, pigeon 
pea, castor
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SabarKantha 
(Gujarat)

74 90-120 80-100 100-150  NA maize (K-112), 
cotton (K-92.4), 
wheat (R-88.4), 
groundnut 
(K-57.8), pulses 
(K-42.5), castor 
(K-42)

pigeon pea, 
black gram, 
green gram, 
groundnut

Maize 
–based / 4.2/
Semi-arid

Banswara 
(Rajasthan)

61 90-120 80-100 80-120 138 maize (K-143.4), 
wheat (R-90.8), 
paddy (K-35.8)

maize, soybean, 
paddy, pigeon 
pea

Dungarpur 
(Rajasthan)

50 90-120 80-100 80-120 123 maize (K- 73), 
wheat (R-41)

maize, pulses, 
wheat, gram

Chittaurgarh 
(Rajasthan)

55 90-120 80-100 80-120 131 maize (K- 187.6), 
soybean (K-140.5), 
wheat (R-122.3), 
rapeseed mustard 
(R-81.9)

maize, 
sorghum, 
soybean, 
groundnut, 
black gram, 
cluster bean, 
sesame

Bhilwara 
(Rajasthan)

58 90-120 80-100 80-120 118 maize (K- 182.1), 
wheat (R- 81.5), 
black gram (K- 
39.2), sorghum 
(K-30.9), cluster 
bean (K-36.9), 
rapeseed mustard 
(R-35.9), barely 
(R-35.9), sesame 
(K-26.1)

pearl millet, 
soybean, 
maize, wheat, 
rapeseed 
mustard, chick 
pea, pigeon 
pea, sunflower, 
groundnut, 
green gram

Maize 
–based / 4.4/
Semi-arid

Jhansi (Uttar 
Pradesh)

63 120-150 90-120 100-150  NA maize  maize

Maize – 
based / 6.4/
Hot Dry sub-
humid 

Haveri 
(Karnataka)

83 150-180 120-150 135-160 190 maize (K-117.6), 
oilseeds (K-31,R-
14,Z-11), sorghum 
(K-28,R-21), 
paddy (K-45.7), 
cotton (K-43.9)

maize, paddy, 
chilli, cotton, 
sorghum, 
groundnut

Belgaum  
(Karnataka)

78 150-180 120-150 135-160 206 maize (K-101,R-
35,Z-4), sugarcane 
(K-137.63), 
soybean 
(K-103.84), 
groundnut 
(K-39.56)

sugarcane, 
soybean, maize, 
groundnut, 
cotton

Sorghum – 
based / 3/ 
Arid 

Bagalkot  
(Karnataka)

79 60-90 60-90 60-120 112 sorghum (K-5,R-
135), sugarcane 
(K-66,R-16,Z-2), 
maize (K-44,R-
20,Z-3)

sorghum, 
sugarcane, 
maize, onion, 
green gram, 
groundnut, 
chick pea

 Sorghum – 
based / 2.3/
Arid 

Ajmer  
(Rajasthan)

61 60-90 75-95 60-120 95 sorghum (K-143), 
pulses (K-86.7)

sorghum, 
cluster bean, 
green gram, 
cotton
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Sorghum 
–based / 6.2/
Semi-arid

Ahmednagar 
(Maharashtra)

80 120-150 90-120 110-150 158 sorghum (R-507.2), 
wheat (R-138.2), 
sugarcane 
(R-133.7), pearl 
millet (K-128.2), 
chick pea (R-90.5), 
soybean (K-55.5)

pearl millet, 
soybean, 
maize, onion, 
sugarcane

Sorghum 
–based / 6.1/
Semi-arid

Solapur 
(Maharashtra)

87 90-120 80-110 90-130  NA sorghum (R-707), 
wheat (R-58.9), 
chick pea (R-43.9), 
sunflower (K-37)

pigeon pea, 
black gram, 
green gram, 
groundnut, 
pearl millet, 
sunflower, 
maize

Pune   
(Maharashtra)

63 90-120 80-110 90-130 197 sorghum (R- 
430.7), sugarcane 
(R-85.6), paddy 
(K-61.2), wheat 
(R-60.9), chick 
pea (R-47.4), pearl 
millet (K-34.5), 
groundnut (K-33.1)

paddy, 
pearl millet, 
groundnut, 
pigeon 
pea, onion, 
sunflower, 
sugarcane, 
tomato, aster, 
vegetables, 
grape

Satara 
(Maharashtra)

64 90-120 80-110 90-130 184 sorghum (R-138.4), 
sugarcane 
(R-53.6), pearl 
millet (K-86.5), 
groundnut 
(K-56.4), sorghum 
(K-56.4), paddy 
(K-43.5), wheat 
(R-41), chick pea 
(R-28.6)

pearl millet, 
sorghum, 
paddy, soybean, 
groundnut

Beed   
(Maharashtra)

82 90-120 80-110 90-130 158 sorghum (KR-
298.3), pearl millet 
(K- 166.8), cotton 
(K-160.8), pigeon 
pea (K-53.3), 
soybean (K-51.4), 
wheat (R-52.7), 
gram (R-39.6), 
sugarcane (R-39.2)

cotton, pigeon 
pea, soybean, 
pearl millet

Osmanabad 
(Maharashtra)

89 90-120 80-110 90-130 155 sorghum 
(K-73.7,R-243.7), 
pigeon pea 
(K-87.8), gram 
(R-65.2), black 
gram (K-51.6), 
soybean (K-30.5), 
wheat (R-38), 
sunflower (K-27.6, 
R-28.2)

cotton, 
sorghum, 
pigeon pea, 
soybean
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Sangli 
(Maharashtra)

81 90-120 80-110 90-130 206 sorghum (KR-
256), pearl 
millet (K-95.6), 
soybean (K-82.6), 
sugarcane (55.7), 
groundnut (kr-
40.1), wheat 
(R-30.6)

groundnut, 
pearl millet, 
pigeon pea, 
soybean, 
sorghum

 Pearl millet 
–based / 2.2/
Arid

Kachchh  
(Gujarat)

26 <60 40-60 50-95  NA pearl millet 
(K-72.8), green 
gram (K-68.8), 
castor (K-56.8), 
groundnut (K-46.5)

cotton, wheat, 
groundnut, 
pulses, cumin, 
pearl millet

 Pearl millet 
–based / 2.3/
Arid 

BanasKantha 
(Gujarat)

82 60-90 75-95 60-120 96 pearl millet 
(K-176.3), castor 
(K-71.7), pulses 
(K-56.9)

pearl millet, 
castor, pulses, 
groundnut, 
cotton

Pearl millet 
–based / 2.4/
Arid

Mahesana 
(Gujarat)

89 60-90 60-95 60-130  NA pearl millet 
(K-51.6), cotton 
(K- 45.1), castor 
(K-41)

pearl millet, 
green gram, 
groundnut

Pearl millet 
–based / 2.1/
Arid 

Barmer 
(Rajasthan)

71 <60 40-60 50-95 44 pearl millet 
(K-929.5), cluster 
bean (K-346.6)

pearl millet, 
moth bean, 
cluster bean, 
green gram

Jodhpur  
(Rajasthan)

73 <60 40-60 50-95 32 pearl millet 
(K-675.9), cluster 
bean (K-158), 
green gram 
(K-117.2), moth 
bean (K-84.04)

maize, cotton, 
paddy, chilli, 
sorghum, 
groundnut

 Pearl millet 
– based / 2.3/
Arid 

Churu 
(Rajasthan)

92 60-90 75-95 60-120 69 pearl millet 
(K-427.3), cluster 
bean (K-359.9), 
moth bean 
(K-267), gram 
(R-244.8)

pearl millet, 
moth bean, 
cluster bean

Jalor 
(Rajasthan)

79 60-90 75-95 60-120 70 pearl millet 
(K-357.8), 
mungbean 
(K-99.6), rapeseed 
mustard (R-77.6), 
cluster bean 
(K-63.5), isabgol 
(R-39.9), castor 
(K-36.2), moth 
bean (K-27.2)

pearl millet, 
moth bean, 
cluster bean, 
green gram, 
cluster bean

Jhunjhunun 
(Rajasthan)

80 60-90 75-95 60-120 80 pearl millet 
(K-267), cluster 
bean (K- 66), 
wheat (R-64), 
gram (R-88), 
rapeseed mustard 
(R-35), cow pea 
(K-31)

pearl millet, 
moth bean, 
cluster bean, 
green gram
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Nagaur 
(Rajasthan)

85 60-90 75-95 60-120 65 pearl millet 
(K-439), moth 
bean (K-224), 
green gram 
(K-207), cluster 
bean (K-157), 
cumin (R-60.9), 
rapeseed mustard 
(R-127), wheat 
(R-72)

pearl millet, 
moth bean, 
cluster bean, 
green gram

Pali 
(Rajasthan)

69 60-90 75-95 60-120 83 pearl millet 
(K-106.4), cluster 
bean (K-154.8), 
wheat (R-110), 
green gram 
(K-119), barley 
(R-100)

pearl millet, 
moth bean, 
cluster bean, 
green gram, 
sorghum, 
sesame

Sikar 
(Rajasthan)

78 60-90 75-95 60-120  NA pearl millet 
(K-298), cluster 
bean (K-81), wheat 
(R-85), rapeseed 
mustard (R-80), 
cow pea (K-59), 
gram (R-38), 
barley (R-26)

pearl millet, 
moth bean, 
cluster bean, 
green gram

Pearl millet 
–based / 6.2/ 
Semi-arid

Nasik  
(Mahara shtra)

68 120-150 90-120 110-150 116 pearl millet 
(K-275.7), maize 
(K-69.2), wheat 
(R-75.8), paddy 
(K-50.3), chick 
pea (R-43.2), 
groundnut 
(K-38.5), finger 
millet (K-36.5), 
sugarcane (K-28), 
soybean (K-28.7)

pearl millet, 
finger millet, 
maize, paddy, 
soybean

Pearl millet 
–based / 4.2/
Semi-arid

Gandhi nagar 
(Gujarat)

86 90-120 80-100 80-120  NA pearl millet  pearl millet

Pearl millet 
– based /4.1/
Semi-arid

Alwar 
(Rajasthan)

69 90-120 90-110 80-120 119 pearl millet 
(K-232)

pearl millet, 
rapeseed 
mustard, 
maize, wheat, 
barley, gram

Dausa 
(Rajasthan)

76 90-120 90-110 80-120 121 pearl millet (K- 
119.6), rapeseed 
mustard (R-85.9), 
wheat (R-77.4)

pearl millet, 
moth bean, 
cluster bean, 
green gram, 
cotton, 
groundnut

Jaipur  
(Rajasthan)

70 90-120 90-110 80-120 115 pearl millet (K- 
295.7), rapeseed 
mustard (R-137.9), 
wheat (R-136.8), 
pulses (K-84.5), 
barley (R-51.6), 
groundnut 
(K-46.2), gram 
(R-28.9)

pearl millet, 
castor, pigeon 
pea, cotton, 
sesame, 
cluster bean
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Karauli 
(Rajasthan)

46 90-120 90-110 80-120 132 pearl millet 
(K-117.3)

pearl millet, 
gram, 
rapeseed 
mustard, 
wheat, barley

Sheopur 
(Madhya 
Pradesh)

32 90-120 90-110 80-120  NA pearl millet 
(K-16.8)

pearl millet

Green gram-
based/6.4/
Hot Dry  
Sub-humid 

Gadag 
(Karnataka)

89 150-180 120-150 135-160 136 green gram 
(K-99.2), 
sorghum (R-74.2), 
groundnut 
(K-54.6), chick pea 
(K-43.5), maize 
(K-42.4)

sorghum, 
green gram, 
groundnut, 
maize, chick 
pea

Pigeon pea-
based/ 6.2/
Semi-arid

Gulbarga  
(Karnataka)

89 120-150 90-120 110-150 154 pigeon pea 
(K-385.2), 
sorghum 
(R-179), chick 
pea (R-121.5), 
sunflower (K-89), 
pearl millet 
(K-34.3)

pigeon pea, 
pearl millet, 
sorghum, 
sunflower, 
chick pea

Finger 
millet-based/ 
8.2/Semi-
arid

Bangalore 
- Rural 
(Karnataka)

71 120-150 100-140 120-150 176 finger millet 
(K-44.2)

finger millet, 
groundnut, 
pigeon pea, 
sunflower, 
paddy, maize

Finger 
millet-based/ 
8.3/Semi-
arid

Kolar 
(Karnataka)

75 120-150 80-130 110-150 182 finger millet 
(K-61.5)

finger millet, 
groundnut, 
pigeon pea,  
paddy, maize

Finger 
millet-based/ 
3/Arid

Tumkur 
(Karnataka)

81 60-90 60-90 60-120 113 finger millet 
(K-192.1), 
groundnut 
(K-93.3), moth 
bean (K-39.3), 
paddy (K-33.5)

finger millet, 
groundnut, 
pigeon pea, 
paddy

 Cluster bean 
–based / 2.1/
Arid 

Bikaner  
(Rajasthan)

58 <60 40-60 50-95 36 cluster bean 
(K-884.6), moth 
bean (K-275), 
pearl millet 
(K-256.8), chick 
pea (R-171.7), 
groundnut 
(K-63.1), wheat 
(R-58.9), rapeseed 
mustard (R-42.2)

pearl millet, 
moth bean, 
cluster bean, 
green gram

Jaisalmer 
(Rajasthan)

28 <60 40-60 50-95 15 cluster bean 
(K-295.9), pearl 
millet (K-132), 
rapeseed mustard 
(R-66.3), chick pea 
(R-33.5)

pearl millet, 
moth bean, 
cluster bean, 
green gram
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Cluster bean 
–based /2.3/
Arid 

Hanumangarh 
(Rajasthan)

92 60-90 75-95 60-120 48 cluster bean/barely 
(K-247,R-48), 
paddy/chick pea 
(R-291.8), cotton/
wheat (K-70, 
R-178), cotton/ 
rapeseed mustard 
(R-248.1), pearl 
millet/fodder 
(K-71.8), moth 
bean (K-46.6), 
green gram 
(K-44.2)

chick pea, 
wheat, rapeseed 
mustard

Cluster bean 
–based /7.3/
Semi-arid

Prakasam  
(Andhra 
Pradesh)

55 150-180 70-110 80-140  NA chick pea (R- 153), 
paddy (R-128), 
pigeon pea (K-72), 
tobacco (R- 69), 
cotton (K-14,R-16)

paddy, cotton, 
pigeon pea, 
castor, maize, 
chick pea

Cluster bean 
–based /7.1/
Semi-arid

Kurnool  
(Andhra 
Pradesh)

66 90-120 80-100 90-140  NA chick pea (R-240), 
groundnut (K-224), 
sunflower (K-65,R-
80), paddy 
(K-85,R-30), 
sorghum (R-72), 
pigeon pea (K-42), 
cotton (K-40)

groundnut, 
sunflower, 
cotton, pigeon 
pea, castor, 
sorghum, chick 
pea

Cluster bean 
–based /4.3/
Semi-arid

Hamirpur 
(Uttar 
Pradesh) 

69 120-150 120-150 100-150  NA pulses (R-160.9), 
wheat (R-105.84), 
oilseeds (K-31,R-
47)

green gram, 
black gram, 
soybean, 
sesame, pigeon 
pea

Rapeseed 
mustard–
based / 2.1/
Arid

Sriganga 
nagar 
(Rajasthan)

83 <60 40-60 50-95  NA rapeseed mustard 
(R-260.2), cluster 
bean (K-235.7), 
wheat (R-190.8), 
chick pea 
(R-120.2), barley 
(R-58.8), cotton 
(K-45.8), green 
gram (K-34)

chick pea, 
rapeseed 
mustard, wheat

Rapeseed 
mustard–
based / 4.1/
Semi-arid

Morena
(Madhya 
Pradesh)

62 90-120 90-110 80-120 137 rapeseed mustard 
(R-165), pearl 
millet (K-86), 
wheat (R-86.3)

pearl millet, 
sesame, pigeon 
pea

Rapeseed 
mustard–
based / 4.3/
Semi-arid

Bhind  
(Madhya 
Pradesh)

85 120-150 90-120 100-150 140 rapeseed mustard 
(R-176.7), wheat 
(R-84.12), pearl 
millet (K-28.33)

pearl millet, 
sesame, paddy, 
pigeon pea

Rapeseed 
mustard–
based / 4.1/ 
Semi-arid 

Bharatpur 
(Rajasthan)

84 90-120 90-110 80-120 126 rapeseed mustard 
(R-412.9), pearl 
millet (K-100.1), 
wheat (R-133.7)

pearl millet, 
rapeseed 
mustard, wheat, 
barley, chick 
pea

Dhaulpur 
(Rajasthan)

56 90-120 90-110 80-120 136 rapeseed mustard 
(R-124.5), pearl 
millet (K-69.9)

pearl millet, 
rapeseed 
mustard, wheat, 
barley, chick 
pea
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Rapeseed 
mustard–
based / 4.2/
Semi-arid

Sawai 
Madhopur 
(Rajasthan)

65 90-120 80-100 80-120 132 rapeseed mustard 
(R-308.7), pearl 
millet (K-65.7), 
wheat (R-53.4)

pearl millet, 
rapeseed 
mustard, barley, 
wheat, chick 
pea

Tonk 
(Rajasthan)

79 90-120 80-100 80-120 124 rapeseed mustard 
(R-240.4), sorghum 
(K-62.5), pulses 
(K-51.6), sesame 
(K-47.5), wheat 
(R-46)

groundnut, 
cotton, sesame, 
cowpea, green 
gram

Soybean 
–based / 5.2/
Semi-arid

Indore 
(Madhya 
Pradesh)

70 120-150 100-130 110-150 148 soybean (K-219.8), 
wheat (R-127.2), 
chick pea (R-32.2)

soybean, maize, 
wheat, chick 
pea

Shajapur 
(Madhya 
Pradesh)

83 120-150 100-130 110-150  NA soybean (K-312), 
maize (K-46)

soybean, maize, 
wheat, chick 
pea, sorghum

Dewas 
(Madhya 
Pradesh)

63 120-150 100-130 110-150 150 soybean (K-295.9), 
chick pea 
(K-109.2), wheat 
(R-53.5), cotton 
(R-32.6)

soybean, cotton, 
maize, sorghum

Mandsaur 
(Madhya 
Pradesh)

75 120-150 100-130 110-150 142 soybean (K-262), 
chick pea (R-53), 
wheat (R-45), 
maize (K-35), 
rapeseed mustard 
(R-31)

soybean, black 
gram, maize, 
green gram, 
sesame

Dhar
(Madhya 
Pradesh)

76 120-150 100-130 110-150 146 soybean (K-250.3), 
wheat (R-216.3), 
cotton (K-116.7), 
maize (K-59), 
chick pea (R-40.9)

maize, cotton, 
soybean, black 
gram, paddy

West Nimar 
(Madhya 
Pradesh)

61 120-150 100-130 110-150 154 soybean (K-154.8), 
cotton (K-75.8), 
wheat (R-56)

soybean, cotton, 
sorghum, 
wheat, chick 
pea

East Nimar 
(Madhya 
Pradesh)

55 120-150 100-130 110-150 161 soybean (K-154.8), 
cotton (K-75.8), 
wheat (R-56)

soybean, cotton, 
sorghum, 
wheat, chick 
pea

Ujjain  
(Madhya 
Pradesh

87 120-150 100-130 110-150 144 soybean (K-443.5), 
chick pea 
(R-163.3), wheat 
(R-98.7)

soybean, maize, 
wheat, chick 
pea

Ratlam 
(Madhya 
Pradesh)

79 120-150 100-130 110-150 143 soybean (K-198.1), 
maize (K-41.3), 
chick pea (R-53.1), 
wheat (R-46.1)

soybean, maize, 
cotton, sorghum

Jhalawar  
(Rajasthan)

58 120-150 100-130 110-150 146 soybean (K-236.7), 
coriander (R-96.9), 
wheat (R-58.8), 
rapeseed mustard 
(R-38), maize 
(K-37.5)

soybean, maize
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Baran  
(Rajasthan)

54 120-150 100-130 110-150 146 soybean (K-208.7), 
rapeseed mustard 
(R-108.4), wheat 
(R-95.8), coriander 
(R-90.6)

soybean, maize, 
paddy

Kota  
(Rajasthan)

60 120-150 100-130 110-150 143 soybean (K-192.2), 
rapeseed mustard 
(R-90.8), wheat 
(R-86.6), coriander 
(R-49.1)

maize, soybean, 
black gram

Rajgarh 
(Madhya 
Pradesh)

83 120-150 100-130 110-150 162 soybean (K-291.8), 
maize (K-43.9), 
sorghum (K-34.2), 
chick pea (R-78.9), 
wheat (R-50.1)

soybean, maize, 
sorghum, 
wheat, chick 
pea

Soybean-
based/ 4.2/
Semi-arid

Neemuch 
(Madhya 
Pradesh)

51 90-120 80-100 80-120 139 soybean (K-120.3), 
maize (K-27.3), 
wheat (R-27.9)

soybean, maize, 
black gram, 
sesame

Soybean-
based/ 4.4/
Semi-arid

Shivpuri 
(Madhya 
Pradesh

55 120-150 90-120 100-150  NA soybean (K-112), 
wheat (R-104), 
rapeseed mustard 
(R-90.12), maize 
(K-34), groundnut 
(K-71), chick pea 
(R-70)

pearl millet, 
sorghum, 
wheat, rapeseed 
mustard, chick 
pea

Sagar
(Madhya 
Pradesh)

60 120-150 90-120 100-150 161 soybean (K-254.9), 
wheat (R-180), 
chick pea (R-197), 
green gram (R-66)

soybean, paddy, 
black gram, 
green gram, 
maize

Soybean 
–based / 
10.1/ Hot 
Dry Sub-
humid

Guna
 (Madhya 
Pradesh)

63 150-180 100-160 120-180 152 soybean (K-182.6) soybean, 
maize, wheat, 
sorghum, chick 
pea

Castor-
based/ 2.3/
Arid 

Sirohi  
(Rajasthan)

44 60-90 75-95 60-120  NA castor (K-52.3), 
maize (K-27.4)

maize, soybean, 
paddy, pigeon 
pea

Groundnut 
–based / 7.1/ 
Semi-arid

Cuddapah  
(Andhra 
Pradesh)

44 90-120 80-100 90-140  NA groundnut (K-141), 
sunflower (R-93.5), 
chick pea (R-72), 
paddy (K-65)

groundnut, 
paddy, chick 
pea, sunflower, 
cotton

Groundnut 
–based / 3/
Arid 

Anantapur  
(Andhra 
Pradesh)

72 60-90 60-110 60-120  NA groundnut (K-840), 
chick pea (R-65), 
paddy (K-26,R-15), 
pigeon pea (K-41), 
sorghum (R-33)

groundnut

Chitradurga 
(Karnataka)

76 60-90 60-90 60-120 94 groundnut 
(K-125.18), maize 
(K-84.74), finger 
millet (K-49.89), 
sunflower 
(K-30.11), sorghum 
(K-27.15)

groundnut, 
finger millet, 
sunflower, 
pigeon pea, 
maize

Groundnut 
–based / 2.4/
Arid 

Jamnagar  
(Gujarat)

77 60-90 60-95 60-130  NA groundnut (K-399), 
cotton (K-144), 
wheat (R-54), other 
cumin (R-34)

pearl millet, 
castor, pulses, 
groundnut, 
cotton
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Porbandar  
(Gujarat)

77 60-90 60-95 60-130  NA groundnut (K-91.9) groundnut, 
cotton, pearl 
millet, sorghum

Rajkot  
(Gujarat)

82 60-90 60-95 60-130  NA groundnut 
(K-331.8), cotton 
(K-311.5), wheat 
(R-100.1), sesame 
(K-34.8)

groundnut, 
cotton, sesame, 
pulses

 Groundnut 
–based / 5.3/ 
Arid 

Junagadh  
(Gujarat)

72 120-150 100-120 100-150  NA groundnut (K-423), 
wheat (R-188.1), 
cotton (K-42.5)

pearl millet, 
green gram, 
groundnut

Groundnut 
–based / 5.1/
Semi-arid

Amreli  
(Gujarat)

82 90-120 60-110 90-135 130 groundnut 
(K-252.3), cotton 
(K-227.1), wheat 
(R-39.3)

paddy, pearl 
millet, tobacco, 
cotton

 Sunflower 
–based / 3/
Arid 

Koppal 
(Karnataka)

83 60-90 60-90 60-120 117 sunflower (K-75.8), 
paddy (K-36,R-35), 
sorghum (K-15,R-
51), pearl millet 
(K-59), groundnut 
(K-29,Z-21), maize 
(K-29.6)

maize, onion, 
sorghum, 
groundnut, 
paddy, 
sunflower

Sunflower 
–based / 6.2/
Semi-arid

Bijapur  
(Karnataka)

93 120-150 90-120 110-150 117 sunflower 
(K-109,R-109,Z-
3.4),  sorghum 
(R-216.9), chick 
pea (R-158.3), 
pigeon pea 
(K-127), pearl 
millet (K-93.3), 
maize (K-24,R-6.4)

sunflower, 
sorghum, chick 
pea, pearl 
millet, maize, 
pigeon pea

 Cotton 
–based / 2.4/
Arid 

Patan
(Gujarat)

87 60-90 60-95 60-130  NA cotton (K-83.3), 
pearl millet (K-80), 
rapeseed mustard 
(R-47.1), pulses 
(K-34.7), castor 
(K-30.7)

pearl millet, 
blackgram, 
green gram, 
sesame

Surendra 
nagar  
(Gujarat)

83 60-90 60-95 60-130  NA cotton (K-448.7), 
sesame (K-76.6), 
cumin (R-64.5), 
pearl millet 
(K-41.2), wheat 
(R-36.5), castor 
(K-28)

pearl millet, 
castor, cotton, 
sesame

Cotton 
–based / 5.2/
Semi-arid

Barwani  
(Madhya 
Pradesh)

54 120-150 100-130 110-150 152 cotton (K-54.6), 
sorghum (K-46.6), 
wheat (R-34.4), 
maize (K-32.6), 
soybean (K-29.7)

cotton, maize, 
sorghum, 
green gram, 
black gram, 
groundnut, 
pigeon pea, 
soybean, 
sugarcane

Cotton 
–based / 6.2/ 
Semi-arid

Aurangabad  
(Maharashtra)

82 120-150 90-120 110-150 157 cotton (K-243.2), 
sorghum (K-11,R-
155), maize 
(K-106.9), pearl 
millet (K-124.6), 
wheat (R-43.7), 
chick pea (R-43.2)

cotton, pearl 
millet, maize, 
pigeon pea, 
soybean, green 
gram, black 
gram, chick 
pea, sorghum
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Jalna 
(Maharashtra)

92 120-150 90-120 110-150 159 cotton (K-209.5), 
sorghum (R-159.3), 
pearl millet 
(K-69.7), maize 
(K-58.9), green 
gram (K-44)

cotton, maize,  
pigeon pea, 
soybean, pulses

Jalgaon  
(Maharashtra)

75 120-150 90-120 110-150 177 cotton (K-356.1), 
sorghum (K-172.1), 
maize (K-58.4), 
black gram 
(K-35.8)

cotton, 
sorghum, 
maize, black 
gram, sesame, 
groundnut

Dhule 
(Maharashtra)

65 120-150 90-120 110-150 175 cotton (K-115), 
pearl millet 
(K-104.7), 
groundnut 
(K-35.8), wheat 
(R-36), maize 
(K-34.7)

pearl millet, 
soybean, maize, 
sunflower, 
paddy

Cotton 
–based / 5.2/
Semi-arid

Nandurbar 
(Maharashtra)

58 120-150 100-130 110-150 146 cotton (K-53.3), 
sorghum (K-46.1), 
paddy (K-26.7)

cotton, pearl 
millet, maize, 
soybean

Cotton 
–based / 4.2/
Semi-arid

Ahmadabad  
(Gujarat)

85 90-120 80-100 80-120 141 cotton (K-175.2), 
wheat (R-150.2), 
paddy (K-108), 
chick pea (R-26.4)

cotton, paddy, 
wheat, chick 
pea, pearl millet

Cotton 
–based / 5.1/
Semi-arid

Bhavnagar  
(Gujarat)

72 90-120 60-110 90-135 140 cotton (K-306.2), 
groundnut 
(K-103,Z-22), pearl 
millet (K-47.9), 
wheat (R-33.9)

pearl millet, 
castor, pulses, 
groundnut, 
cotton

Cotton 
–based / 5.2/
Semi-arid

Vadodara  
(Gujarat)

79 120-150 100-130 110-150  NA cotton (K-177.4), 
pigeon pea 
(K-74.7), paddy 
(K-54.1), maize 
(K-52.4)

pearl millet, 
pigeon pea, 
cotton, maize

Cotton 
–based / 6.4/
Hot Dry sub-
humid 

Dharwad  
(Karnataka)

85 150-180 120-150 135-160 216 cotton (K-11,R-
60), chilli 
(K-51.4), chick pea 
(R-49.5), sorghum 
(K-11,R-37), 
maize (K-41.8), 
groundnut 
(K-41.1), wheat 
(R-38.3), paddy 
(K-32.8), soybean 
(K-27.5)

maize, soybean, 
green gram, 
groundnut, 
paddy, cotton, 
chilli

Sugarcane 
–based / 8.3/
Semi-arid

Erode  (Tamil 
Nadu)

54 120-150 80-130 110-150 164 sugarcane (K-41.9), 
paddy (R-38.3), 
groundnut (K-31.4)

groundnut, 
paddy, 
sorghum, 
maize, moth 
bean

Sources: *1 NBSS&LUP, 1999
 *2 www.bhuvan.nrsc.gov.in
 *3Water balance FAO(1981)
	 *4	CRIDA	(Crop	contingency	planning)



188

Annexure-7

Typology of vulnerable districts based on livestock component
 Livestock 
Component/ AESR 
No/Bio-climate based 
on Thorthwaite MI
*(NBSS&LUP, 1999)

Vulnerable districts Actual area 
under agri. 
(%)*(www.

bhuvan.
nrsc.gov.in)

Normal 
LGP 

*(based 
on Water 
balance 

FAO(1981)

Livestock component *(Census 2007)
Cow- C, Buffalo-B, Sheep-S, Goat-G, 
Poultry-P (in lacs)

Small ruminants/3/Arid Tumkur (Karnataka) 81 60-90 C (3.7), B (0.2), S (3.1), G (5.1), P (7.1)

Bagalkot (Karnataka) 79 60-90 C (3.3), B (2.5), S (8.9), G (4.3), P (3.4)

Chitradurga 
(Karnataka)

76 60-90 C (2.6), B (1.08), S (1.4), G (3.6), P (2.6)

Koppal (Karnataka) 83 60-90 C (2.2), B (0.1), S (6.7), G (1.9), P (2.3)

Small ruminants/ 2.1/
Arid

Bikaner (Rajasthan) 58 <60 C (6.7), B (1.3), S (7.9), G (9.0), P (0.1)

Jaisalmer (Rajasthan) 28 <60 C (3.4), B (00.2), S (1.3), G (1.1), P (0.1)

Barmer (Rajasthan) 71 <60 C (6.3), B (1.5), S (1.3), G (22.2), P (0.1)

Jodhpur (Rajasthan) 73 <60 C (6.5), B (2.6), S (9.7), G (1.4), P (0.1)

Sriganganagar 
(Rajasthan)

83 <60 C (5.8), B (2.8), S (3.7), G (3.7), P (0.8)

Small ruminants/ 2.3/
Arid

Jalor (Rajasthan) 79 60-90 C (2.9), B (4.1), S (6.3), G (5.4), P (0.1)

Pali (Rajasthan) 69 60-90 C (3.5), B (3.1), S (9.2), G (7.0), P (0.5)

Churu (Rajasthan) 92 60-90 C (2.5), B (2.1), S (4.5), G (9.1), P (0.8)

Jhunjhunun 
(Rajasthan)

80 60-90 C (1.7), B (3.7), S (1.9), G (6.4), P (4.4)

Nagaur (Rajasthan) 85 60-90 C (4.1), B (4.6), S (7.9), G (1.4), P (0.2)

Sikar (Rajasthan) 78 60-90 C (2.5), B (5.1), S (3.1), G (11.5), P (1.7)
Udaipur (Rajasthan) 30 60-90 C (9.4), B (5.2), S (1.6), G (10.9), P (4.5)

Ajmer (Rajasthan) 61 60-90 C (3.9), B (3.3), S (5.0), G (0.7), P (1.5)
Hanumangarh 
(Rajasthan)

92 60-90 C (4.0), B (3.2), S (2.8), G (2.7), P (1.7)

Rajsamand (Rajasthan) 37 60-90 C (2.8), B (2.2), S (1.2), G (5.1), P (0.2)

Sirohi (Rajasthan) 44 60-90 C (2.0), B (1.6), S (2.4), G (3.4), P (0.4)
Small ruminants/ 3/Arid Anantapur (Andhra 

Pradesh)
72 60-90 C (9.1), B (5.3), S (32.1), G (9.0), P 

(16.9)
Small ruminants/2.2/
Arid

Kachchh (Gujarat) 26 <60 C (3.8), B (2.2), S (5.7), G (4.8), P (0.2)

Small ruminants/ 8.2/
Semi-arid

Davanagere 
(Karnataka)

76 120-150 C (5.0), B (1.6), S (3.8), G (1.5), P (3.8)

Chikmagalur 
(Karnataka)

54 120-150 C (2.8), B (1.9), S (4.7), G (0.7), P (3.1)

Small ruminants/ 6.1/
Semi-arid

Raichur (Karnataka) 87 90-120 C (1.5), B (0.2), S (3.6), G(3.7), P (3.3)

Small ruminants/ 7.1/
Semi-arid

Bellary (Karnataka) 72 90-120 C (2.9), B (1.7), S (5.5), G (2.7), P (2.5)
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Small ruminants/ 4.1/ 
Semi-arid

Jaipur (Rajasthan) 70 90-120 C (5.0), B (9.4), S (3.4), G (1.01), P (3.4)

Karauli (Rajasthan) 46 90-120 C (1.1), B (3.9), S (0.5), G (3.8), P (0.1)
Small ruminants/ 4.2/
Semi-arid

Bundi (Rajasthan) 55 90-120 C (2.7), B (2.8), S (0.5), G (0.36), P (0.3)
Dungarpur (Rajasthan) 50 60-120 C (4.2), B (2.3), S (1.0), G (3.9), P (1.5)

SawaiMadhopur 
(Rajasthan)

65 90-120 C (1.1), B (2.5), S (0.7), G (0.4), P (0.2)

Tonk (Rajasthan) 79 90-120 C (2.4), B (3.1), S (2.5), G (3.9), P (0.6)
Bhilwara (Rajasthan) 58 90-120 C (5.8), B (3.0), S (4.3), G (7.0), P (1.2)

Small ruminants/ 7.1/
Semi-arid

Kurnool (Andhra 
Pradesh)

66 90-120 C (5.2),B (6.4), S (4.6), G (6.0), P (12.2)

Cuddapah (Andhra 
Pradesh)

44 90-120 C (1.9), B (5.0), S (13.9), G (4.7), P (1.4)

Small ruminants/ 7.2/
Semi-arid

Mahbubnagar 
(Telangana)

72 120-150 C (8.7), B (4.6), S (9.2), G (6.8), P (15.3)

Nalgonda (Telangana) 78 120-150 C (5.5), B (8.2), S (17.8), G (5.0), P (2.3)

Small ruminants/ 18.2/
Semi-arid

Nellore (Andhra 
Pradesh)

50 120-150 C (1.8), B (7.6), S  (19.8), G (3.6), P 
(16.8)

Small ruminants/ 7.3/
Semi-arid

Prakasam (Andhra 
Pradesh)

55 150-180 C (1.1), B (12.7), S (19.4), G (4.3), 
P(11.0)

Small ruminants/ 6.1/
Semi-arid

Satara (Maharashtra) 64 90-120 C (5.1), B (3.4), S (1.6), G (3.9), P (15.0)
Sangli (Maharashtra) 81 90-120 C (3.7), B (5.1), S (0.2), G (3.8), P (9.2)

Small ruminants/ 6.2/
Semi-arid

Jalgaon (Maharashtra) 75 120-150 C (6.2), B (3.0), S (3.0), G (4.2), P (2.4)

Ahmednagar 
(Maharashtra)

80 120-150 C (22.3), B (2.4), S (0.3), G (9.1), P 
(16.8)

Jalna (Maharashtra) 92 120-150 C (4.4), B (0.8), S (3.3),G (2.2), P (0.19)
Small ruminants/ 8.3/
Semi-arid

Sivaganga (Tamil 
Nadu)

74 120-150 C (2.9), B (0.7), S (5.4), G (2.2), P (15.0)

Small ruminants/ 5.1/
Semi-arid

Bhavnagar (Gujarat) 72 90-120 C (3.4), B (3.3), S (0.25), G (1.9), P 
(12.5)

Amreli (Gujarat) 82 90-120 C (2.6), B (2.0), S (1.3), G (1.3), P (0.1)
Small ruminants/ 5.2/
Semi-arid

PanchMahals (Gujarat) 80 120-150 C (5.8), B (6.1), S (0.03), G (4.4), P (4.8)

Small ruminants/ 4.2/
Semi-arid

SabarKantha (Gujarat) 74 90-120 C (6.2), B (7.7), S (0.6), G (3.4), P (4.0)

Small ruminants/ 4.4/
Semi-arid

Gwalior (Madhya 
Pradesh)

56 120-150 C (2.2), B (2.5), S (0.03), G (3.2), P (0.2)

Mahoba (Uttar 
Pradesh)

72 120-150 C (2.0), B (1.3), S (0.2), G (1.8), P (0.6)

Small ruminants/ 6.4/
Hot Dry Sub-humid

Belgaum (Karnataka) 78 150-180 C (1.7), B (0.8), S (0.2), G (6.1), P (6.3)

Gadag (Karnataka) 89 150-180 C (2.7), B (0.2), S (3.3), G (1.7), P (0.9)
Buffalo/ 2.4/ Arid Porbandar (Gujarat) 77 60-90 C (0.8), B (1.0), S (0.2), G (0.2), P (0.2)

Patan (Gujarat) 87 60-90 C (1.3), B (3.6), S (0.5), G (1.0), P (0.2)
Mahesana (Gujarat) 89 60-90 C (2.1), B (5.6), S (0.1), G (0.8), P (1.1)
BanasKantha (Gujarat) 82 60-90 C (6.6), B (9.5), S (1.6), G (3.0), P (2.7)

Buffalo/ 4.2/Semi-Arid Gandhinagar (Gujarat) 86 90-120 C (1.4), B (3.6), S (0.1), G (0.4), P (1.8)
Ahmadabad (Gujarat) 85 90-120 C (2.1), B (3.4), S (0.2), G (1.2), P (4.5)
Anand (Gujarat) 84 90-120 C (1.4), B (4.0), S (0.1), G (0.7), P (45.9)

Buffalo/ 4.1/Semi-arid Bharatpur (Rajasthan) 84 90-120 C (1.2), B (4.74), S (0.8), G (0.2), P (0.8)
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Dhaulpur (Rajasthan) 56 90-120 C (0.6), B (3.1), S (0.06), G (0.14), 
P(0.005)

Alwar (Rajasthan) 69 90-120 C (1.9), B (9.7), S (0.9), G (7.0), P (2.9)
Dausa (Rajasthan) 76 90-120 C (1.3), B (4.1), S (0.6), G (3.4), P (0.1)
Morena  (Madhya 
Pradesh)

62 90-120 C (1.68), B (4.4), S (0.1), G (2.1), P (0.1)

Buffalo/ 5.2/Semi-arid Rajgarh  (Madhya 
Pradesh)

83 120-150 C (5.4), B (5.5), S (0.03), G (1.8), P (0.2)

Buffalo/ 4.3/Semi-arid Bhind (Madhya 
Pradesh)

85 120-150 C (1.5), B (3.1), S (0.006), G (2.1), 
P (0.008)

Buffalo/ 4.4/Semi-arid Datia (Madhya 
Pradesh)

83 120-150 C (1.4), B (1.8), S (0.41), G (1.5), P (0.1)

Buffalo/ 6.4/Hot Dry 
Sub-humid 

Dharwad (Karnataka) 85 150-180 C (7.0), B (8.6), S (5.8), G (0.7), P (0.8)

Buffalo/ 9.2/Hot Dry 
Sub-humid 

Jehanabad (Bihar) 91 150-180 C (0.0008), B (0.001), G (0.0007), 
P (0.001)

Cattle/ 2.4/Arid Jamnagar (Gujarat) 77 60-90 C(3.4), B (2.5), S (2.0), G (1.7), P (0.3)

Rajkot (Gujarat) 82 60-90 C (4.5), B (3.6), S (2.1), G (1.9), P (1.8)
Surendranagar 
(Gujarat)

83 60-90 C(3.4), B (2.9), S (1.3), G (1.9), P (0.01)

Cattle/ 5.3/Arid Junagadh (Gujarat) 72 120-150 C(4.8), B (3.7), S (0.4), G (1.0), P (0.6)
Cattle/ 5.2/Semi-arid
 

Dewas (Madhya 
Pradesh)

63 120-150 C (4.2), B (2.4), S (0.003), G (1.3), 
P (0.7)

Dhar (Madhya 
Pradesh)

76 120-150 C (5.9), B (2.3), S (0.009), G (4.0), 
P (5.2)

East Nimar (Madhya 
Pradesh)

55 120-150 C (4.2), B (1.3), S (0.1), G (1.9), P (1.0)

Indore (Madhya 
Pradesh)

70 120-150 C (2.7), B (2.2), S (0.06), G (0.09), 
P (0.7)

Jhabua (Madhya 
Pradesh)

70 120-150 C (7.0), B (2.6), S (0.3), G (5.1), P (9.5)

Mandsaur (Madhya 
Pradesh)

75 120-150 C (3.4), B (2.1), S (0.2), G (1.8), P (0.3)

Ratlam  (Madhya 
Pradesh)

79 120-150 C (3.2), B (1.6), S (0.03), G (2.1), P (1.0)

Shajapur  (Madhya 
Pradesh)

83 120-150 C (4.3), B (2.7), S (0.003), G (1.7), 
P (0.2)

Ujjain (Madhya 
Pradesh)

87 120-150 C (3.9), B (3.2), S (0.06), G (2.2), P (0.7)

West Nimar (Madhya 
Pradesh)

61 120-150 C (5.4), B (1.9), S (0.05), G (3.0), P (3.1)

Barwani (Madhya 
Pradesh)

54 120-150 C (3.8), B (1.2), S (0.1), G (3.1),P (5.9)

Cattle/ 4.1/Semi-arid Sheopur (Madhya 
Pradesh)

32 90-120 C (2.8), B (1.2), S (0.03), G (1.2), P (0.2)

Cattle/ 4.4/Semi-arid Sagar
(Madhya Pradesh)

60 120-150 C (8.8), B (2.4), S (0.02), G (1.3), P (0.2)

Shivpuri (Madhya 
Pradesh)

55 120-150 C (7.0), B (3.75), G (3.6), P (0.7)
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Cattle/ 4.2/Semi-arid Neemuch (Madhya 
Pradesh)

51 90-120 C (2.6), B (1.3), S (0.5), G (1.2), P (0.1)

Chittaurgarh 
(Rajasthan)

55 90-120 C (7.6), B (4.7), S (0.8), G (6.7), P (1.0)

Banswara (Rajasthan) 61 90-120 C (6.4), B (2.7), S (0.1), G (4.5), P (3.3)

Cattle/ 5.2/Semi-arid Jhalawar (Rajasthan) 58 120-150 C (4.3), B (2.9), S (0.1), G (3.7), P (0.5)

Baran (Rajasthan) 54 120-150 C (3.5), B (2.2), S (0.1), G (2.6), P (0.5)

Kota (Rajasthan) 60 120-150 C (2.4), B (2.2), S (0.2), G (2.1), P (0.3)

Vadodara (Gujarat) 79 120-150 C (4.8), B (4.6), S (0.4), G (3.1), P (7.1)

Dahod (Gujarat) 69 120-150 C (5.8), B (2.8), S (0.05), G (5.05), 
P (5.9)

Cattle/ 6.1/Semi-arid Osmanabad 
(Maharashtra)

89 90-120 C (4.9), B (1.6), S (0.005), G (1.9), 
P (2.3)

Beed (Maharashtra) 82 90-120 C (8.4), B (2.5), S (2.1), G (4.5), P (6.4)

Cattle/ 6.2/Semi-arid Aurangabad 
(Maharashtra)

82 120-150 C (6.4), B (0.9), S (0.9), G (3.5), P (2.7)

Dhule (Maharashtra) 65 120-150 C (4.0), B (1.0), S (0.9), G (2.8), P (3.4)
Nasik (Maharashtra) 68 120-150 C (11.5), B (2.4), S (0.04), G (6.4), 

P (11.1)
Cattle/ 5.2/Semi-arid Nandurbar 

(Maharashtra)
58 120-150 C (4.3), B (0.9), S (0.1), G (3.2), P (9.9)

Cattle/ 6.1/Semi-arid Solapur (Maharashtra) 87 90-120 C (9.6), B (4., G (8.4), P (16.5)

Pune (Maharashtra) 63 90-120 C (11.9), B (2.9), S (0.5), G (5.3), P (5.9)
Cattle/ 6.2/Semi-arid Bijapur (Karnataka) 93 120-150 C (9.2), B (2.4), S (0.005),G (4.5), 

P (3.1)
Gulbarga
(Karnataka)

89 120-150 C (7.9), B (1.9), S (9.6), G (7.5), P (9.0)

Cattle/ 8.2/Semi-arid Hassan (Karnataka) 72 120-150 C (7.3), B (2.4), S (1.3), G (0.1), P (5.1)

Bangalore –Rural 
(Karnataka)

71 120-150 C (4.3), B (0.9), S (0.02), G (0.9), P (2.6)

Mandya (Karnataka) 79 120-150 C (6.6), B (1.9), S (2.5), G (2.4), P (5.4)

Cattle/ 8.1/Semi-arid Tirunelveli (Tamil 
Nadu )

65 90-120 C (8.6), B (1.1), S (3.0), G (4.6), P (5.0)

Cattle/ 8.3/Semi-arid Kolar (Karnataka) 75 120-150 C (3.6), B (4.8), S (0.5), G (0.8), P (4.2)

Erode (Tamil Nadu) 54 120-150 C (9.6),B (2.4), S (2.9), G (5.3), P (6.7)

Cattle/ 4.3/Semi-arid Hamirpur (Uttar 
Pradesh)

69 120-150 C (2.5), B (1.3), S (0.2), G (0.1), P (0.6)

Cattle/ 4.4/Semi-arid Jhansi
 (Uttar Pradesh)

63 90-120 C (2.7), B (2.3), S (5.5), G (2.5), P (1.4)

Cattle/ 10.1/ Hot Dry 
Sub-humid 

Guna
(Madhya Pradesh)

63 150-180 C (3.7), B (2.0), S (0.1), G (0.4), P (0.5)

Cattle/ 6.4/Hot Dry 
Sub-humid 

Haveri (Karnataka) 83 150-180 C (3.9), B (0.4),S (0.7), G (0.51), P (3.8)
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Cattle/ 11/Hot Dry Sub-
humid 

Durg (Chhattisgarh) 76 150-180 C (11.5), B (1.4), S (0.003), G (1.3), 
P (5.1)

Nabarangpur (Odisha) 61 150-180 C (3.9), B (0.4), S (0.6), G (0.7), P (0.07)
Cattle/ 9.2/Hot Dry 
Sub-humid

Gaya (Bihar) 73 150-180 C (0.007), B (0.003), G (0.004) ,
P (0.004)

Nawada (Bihar) 69 150-180 C (0.004), B (0.001), G (0.002), 
P (0.003)

Cattle/ 10.4/ Hot moist 
Sub-humid 

Seoni
(Madhya Pradesh)

60 180-210 C (5.5), B (1.2), G (1.7), P (1.8)

Kawardha 
(Chhattisgarh)

54 180-210 C (2.9), B (0.5), S (0.1), G (0.47), P (0.4)

Sources: *1 NBSS&LUP, 1999
 *2 www.bhuvan.nrsc.gov.in
 *3 Water balance FAO(1981)
 *4 Census 2007



 



 




