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Abstract— Drought is a feature of climate that is defined as 

a period of below-average rainfall sufficiently long and 

intense to result in serious environmental and 

socioeconomic stresses, such as crop failures and water 

shortages, in the affected area. A drought index is a prime 

variable for assessing the effect of a drought and defining 

different drought parameters, which include intensity, 

duration, severity and spatial extent. It should be noted that 

a drought variable should be able to quantify the drought for 

different time scales for which a long time series is essential. 

The most commonly used time scale for drought analysis is 

a year, followed by a month. 
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I. INTRODUCTION 

Droughts are recognized as an environmental disaster and 

have attracted the attention of environmentalists, ecologists, 

hydrologists, meteorologists, geologists and agricultural 

scientists. Droughts occur in virtually all climatic zones, 

such as high as well as low rainfall areas and are mostly 

related to the reduction in the amount of precipitation 

received over an extended period of time, such as a season 

or a year. Temperatures, high winds, low relative humidity, 

timing and characteristics of rains, including distribution of 

rainy days during crop growing seasons, intensity and 

duration of rain, and onset and termination, play a 

significant role in the occurrence of droughts. 

Prolonged droughts or abnormal weather conditions such as 

extended winters, cold summers, floods, biological factors 

like plague of locusts or rodents result in famines. On an 

average, severe drought occurs once every five years in 

most of the tropical countries, though often they occur on 

successive years causing misery to human life and live 

stock. 

 
Several drought indices have been derived in recent decades. 

Commonly, a drought index is a prime variable for assessing 

the effect of a drought and defining different drought 

parameters, which include intensity, duration, severity and 

spatial extent. It should be noted that a drought variable 

should be able to quantify the drought for different time 

scales for which a long time series is essential. The most 

commonly used time scale for drought analysis is a year, 

followed by a month. Although the yearly time scale is long, 

it can also be used to abstract information on the regional 

behaviour of droughts. The monthly time scale seems to be 

more appropriate for monitoring the effects of a drought in 

situations related to agriculture, water supply and ground 

water abstractions (Panu and Sharma, 2002). A time series 

of drought indices provides a framework for evaluating 

drought parameters of interest. 

II. LITERATURE SURVEY 

A.  C.Bhuiyan et al [1] (2006) 

“Monitoring drought dynamics using drought indices in the 

aravalli region (India) using different indices based on 

ground and remote sensing data” 

In this paper a detailed analysis of meteorological and 

hydrological data of the Aravalli region has been carried out 

for the years 1984–2003. Standardised Precipitation Index 

(SPI) has been used to quantify the precipitation deficit. 

Standardised Water-Level Index (SWI) has been developed 

to assess ground-water recharge-deficit. Vegetative drought 

indices like Vegetation Condition Index (VCI) and 

Temperature Condition Index (TCI) and Vegetation Health 

Index (VHI) have been computed using NDVI values 

obtained from Global Vegetation Index (GVI) and thermal 

channel data of NOAA AVHRR satellite. Detailed analyses 

of spatial and temporal drought dynamics during monsoon 

and non-monsoon seasons have been carried out through 

drought index maps generated in Geographic Information 

Systems (GIS) environment. Analysis and interpretation of 

these maps reveal that negative SPI anomalies not always 

correspond to drought. In the Aravalli region, aquifer-stress 

shifts its position time to time, and in certain pockets it is 

more frequent. In comparison to hydrological stress, 

vegetative stress in the Aravalli region is found to be slower 

to begin but quicker to withdraw. 

This shift caused some western pockets to suffer from 

moderate (SWI > 1.0) to extreme (SWI > 2.0) during 1989–

1996The worst situation was encountered during the 1987 

monsoon when the whole region suffered with the severe to 

extreme vegetative drought (VHI < 20) due to extreme 

rainfall deficiency. During 2000–2002 the region was 

affected by drought (10 < VHI < 40) owing to poor rainfall 

and water-stress During 2002, vegetation in the Aravalli 

region similar to most northwestern parts of India 

experienced stress (VHI < 20) dew to deficient monsoon 

(Singh and Kogan, 2002). Estimated damage of actual crop-

area percentage in the Rajsamand, Sirohi and Udaipur 

districts comprising the study area during the monsoon of 

2002 are 85, 50, and 25%, respectively, owing to drought 

(UNDP, 2002). 

B. N.R.Patel  et al [2](2007) 

“Analyzing spatial patterns of meteorological drought using 

standardized precipitation index” 
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In the present study, monthly time series of rainfall data 

(1981–2003) from 160 stations were used to derive SPI, 

particularly at 3-month time scales. This 3-month SPI was 

interpolated to depict spatial patterns of meteorological 

drought and its severity during typical drought and wet 

years. Correlation analysis was also done to evaluate 

usefulness of SPI to quantify effects of drought on food 

grain productivity Further, time series of SPI were exploited 

to assess the drought risk in Gujarat. The main advantage of 

the SPI, in comparison with other indices, is that the SPI 

enables both determination of drought conditions at different 

time scales and monitoring of different drought types. This 

index captures the accumulated deficit (SPI < 0) or surplus 

(SPI > 0) of precipitation over a specified period, and 

provides a normalized measure (i.e. spatially invariant Z 

score) of relative precipitation anomalies at multiple time 

scales. 

This is evident from the unique ability of the SPI to 

categorize year 1987 as the worst drought in the last 20 

years. Further, the present study concludes that the 3-month 

SPI of September is a good indicator of any anomaly 

associated with food grain production particularly in 

drought-prone areas. 

C. C.Bhuiyan [3] (2008) 

“Desert vegetation during droughts: Response and 

sensitivity” 

In the present work, multi-sensor satellite data have been 

used to derive various vegetation parameters together with 

actual ground data (rainfall and temperature) for detailed 

drought analysis of the part of Thar Desert falling in the 

Rajasthan state, for the years 1984–2003. Vegetative 

drought indices have been calculated using Normalised 

Difference Vegetation Index (NDVI) values obtained from 

Global Vegetation Index (GVI) of NOAA-AVHRR data. 

Spatial and temporal variations in rainfall, temperature, and 

vegetation indices in the Thar Desert have been analysed 

and correlated for monsoon and non-monsoon seasons. The 

mean seasonal NDVI, the index representing greenness of 

vegetation is found to be strongly correlated with seasonal 

rainfall. The time series of Vegetation Condition Index 

(VCI) and Temperature Condition Index (TCI) show that in 

certain years they correspond each other, while in other 

years one counter the other and their resultant determined 

the occurrence and severity of drought, which is reflected in 

the Vegetation Health Index (VHI). The results show that 

seasonal average of the VCI is directly correlated with 

cumulative seasonal rainfall, and seasonal average of the 

TCI shows strong correlation with average seasonal above-

ground temperature. The time series of VHI shows that 

drought developed and affected the desert vegetation mostly 

when both moisture- and thermal-stress were generated 

(years 1985, 1986, 1987, 1989, 1990, 1991, 2000, and 2002) 

and sometimes due to thermal-stress alone (years 1995). In 

certain years (1993, 1995, 1996, 1997, 1998, 1999), in spite 

of high thermal-stress the desert vegetation could avoid 

drought or reduced drought severity due to adequate 

moisture supply. Opposite were the cases in the years 1988 

and 1994, when excellent thermal condition countered 

moisture-stress and drought was bypassed. The results point 

out that both moisture-stress and thermal-stress play role in 

drought development, whereas drought severity is governed 

by moisture supply, which is directly related to and 

dependent on rainfall and dew. Therefore, desert phenology 

during drought is dependent more on moisture than 

temperature. Since rainfall reduces both moisture-stress and 

thermal-stress, it is a saviour of vegetation under drought. 

The probability plots reveal that thermal in vegetation is 

more sensitive to above-ground temperature in comparison 

to the sensitivity of vegetation moisture condition to rainfall. 

D. Mishra and Singh [4] (2010) 

“A review of drought concepts”   

This paper attempts to provide a review of fundamental 

concepts of drought, classification of droughts, drought 

indices, historical droughts using paleoclimatic studies, and 

the relation between droughts and large scale climate 

indices. Understanding different concepts of droughts will 

be helpful for developing models to investigate different 

drought properties, which is beyond the scope of the present 

discussion. The motivation for current discussion is due to 

the developments in global drought scenarios during recent 

years.    

A number of different indices have been developed to 

quantify a drought, each with its own strengths and 

weaknesses. They include the Palmer drought severity index 

(PDSI), rainfall anomaly index (RAI), deciles, crop moisture 

index (CMI), Bhalme and Mooly drought index (BMDI), 

surface water supply index (SWSI), national rainfall index 

(NRI), standardized precipitation index (SPI), and 

reclamation drought index (RDI). The soil moisture drought 

index (SMDI) and crop-specific drought index (CSDI) 

appeared after CMI. Furthermore, CSDI is divided into a 

corn drought index (CDI) and soybean drought index (SDI), 

and vegetation condition index (VCI).  

E. V.U. Smakhtin, D.A. Hughes [6] (2007) 

“Automated estimation and analyses of meteorological 

drought characteristics from monthly rainfall data” 

The paper describes a new software package for automated 

estimation, display and analyses of various drought indices e 

continuous functions of precipitation that allow quantitative 

assessment of meteorological drought events to be made. 

The software at present allows up to five different drought 

indices to be estimated. They include the Decile Index (DI), 

the Effective Drought Index (EDI), the Standardized 

Precipitation Index (SPI) and deviations from the long-term 

mean and median value. Each index can be estimated from 

point and spatially averaged rainfall data and a number of 

options are provided for months’ selection and the type of 

the analysis including a running mean, single value or 

multiple annual values. The software also allows spell/run 

analysis to be performed and maps of a specific index to be 

constructed. The software forms part of the comprehensive 

computer package, developed earlier and designed to 

perform the multitude of water resources analyses and 

hydro-meteorological data processing. The 7-step procedure 

of setting up and running a typical drought assessment 

application is described in detail. The examples of 

applications are given primarily in the specific context of 

South Asia where the software has been used. 

F. R. P. PANDEY & K. S. RAMASASTRI [11] (2009) 

“Incidence of droughts in different climatic regions” 



Drought Analysis by Various Indices 

 (IJSRD/Vol. 3/Issue 03/2015/362) 

 

 All rights reserved by www.ijsrd.com 1475 

During the last century, droughts in the years 1917-1918, 

1965-1966 and 1986-1987 were themost severe and affected 

a high percentage of the population in India. Patel & Iyar 

(1987) indicated that droughts recur most frequently in 

Gujarat, eastern Rajasthan and Rayalseema, followed by 

south interior Karnataka, eastern Uttar Pradesh and 

Vidarbha. Drought-prone areas fall in three broad regions of 

the country: the plateau region, which embodies the states of 

Andhra Pradesh, Karnataka, Maharastra, Madhya Pradesh, 

Orissa, Tamil Nadu, Bihar, West Bengal and Uttar Pradesh; 

the desert region, which encompasses the states of Rajasthan 

and Gujarat; and a few districts in the states of Haryana and 

Jammu & Kashmir (CWC, 1982). The data used in this 

study, which were obtained from 101 raingauge stations 

located in drought-prone areas in India, include a variety of 

rainfall records (for between 65 and 97 years) from arid to 

subhumid climatic regions. Average drought frequency (per 

year) decreases gradually from once in 2-4 years in the arid 

and semiarid regions with EpIPa ratios of between 10 and 

3.5. In semiarid to subhumid regions with EpIPa ratios of 

between 3.5 and 0.5, the drought frequency decreases 

exponentially with increase in wetness. Also, the 

relationship obtained between the average drought return 

period and the ratio of mean annual deficit to mean annual 

precipitation {{Ep - Pa)/Pa) indicates that the drought 

frequency increases with increase in mean annual deficit. 

G. U. S. PANU, T. C. SHARMA [10] (2002) 

“Challenges in drought research: some perspectives and 

future directions” 

There has been considerable research on modelling various 

aspects of drought such as identification and prediction of its 

duration and severity. The term severity has various 

connotations in drought literature such as in hydrological 

drought, where it is defined as the cumulative shortage or 

the deficit sum with reference to a pre-specified truncation 

level. In meteorological drought, the severity has rather been 

defined in the form of indices such as the Palmer drought 

severity index. There exist a variety of techniques and 

methods to analyse the duration and severity of 

meteorological and hydrological droughts through 

probability characterization of low flows, time series 

methods, synthetic data generation, theory of runs, multiple 

regression, group theory, pattern recognition and neural 

network methods. Agricultural droughts are analysed based 

on soil moisture modelling concepts with crop yield 

considerations and using multiple linear regression 

techniques. The prediction aspects of drought duration are 

developed better than the drought severity aspects. These 

latter need to be improved because information on drought 

severity is of paramount practical importance and forms an 

essential part of the design process of storage facilities for 

abatement of droughts. A major challenge of drought 

research is to develop suitable methods and techniques for 

forecasting the onset and termination points of droughts. An 

equally challenging task is the dissemination of drought 

research results for practical usage and wider applications.It 

has been shown that the values of the PHDI are highly 

sensitive to errors in the precipitation values, whereas the 

SPI has the potential to be a superior yet simpler index of 

drought severity over the PDSI (Guttman, 1998). 

H. Albert j. Peters et al [12] (2002) 

“Drought Monitoring with NDVI-Based Standardized 

Vegetation Index” 

The objective of this research was to standardize, by time of 

year, the Normalized Difference Vegetation Index (NDVT) 

to augment drought-monitoring techniques. The 

Standardized Vegetation Index (SVI) describes the 

probability of vegetation condition deviation from "normal," 

based on calculations from weekly NDVI values. The study 

was conducted with 12 years (1989-2000) of Advanced 

Very High-Resolution Radiometer (AVHRR) satellite 

images. Z-scores of the NDVI distribution are used to 

estimate the probability of occurrence of the present 

vegetation condition at a given location relative to the 

possible range of vegetative vigor, historically. The ~VcaIn 

be interpreted as vegetation condition based on the fact that 

vegetation is an efficient integrator of climatic and 

anthropogenic impacts in the boundary layer of the 

atmosphere. It thereby provides a spatially and temporally 

continuous short-term indicator of climatic conditions. 

Findings indicate that the svr, along with other drought 

monitoring tools, is useful for assessing the extent and 

severity of drought at a spatial resolution of 1 km. The SVI 

is capable of providing a near-real-time indicator of 

vegetation condition within drought regions, and more 

specifically areas of varying drought conditions. 

I. Hua Xie et al [8] (2014) 

“Droughts in Pakistan: a spatiotemporal variability analysis 

using the Standardized Precipitation Index” 

They investigated the spatiotemporal variability of drought 

incidence in Pakistan during 1960–2007 by calculating 

Standardized Precipitation Index fields for 3-, 6- and 12-

month scales using gridded precipitation data. Principal 

component analysis revealed that droughts are wide-spread 

and often occur simultaneously over large areas. 

Furthermore, spectral analysis identified a 16-year drought 

recurrence period. Three such drought-intensive periods 

were identified: the late 1960s to early 1970s; the middle 

1980s; and the late 1990s to early 2000s. Hence, drought 

patterns need to be integrated into long-term water planning 

as well as emergency preparedness. Although the PC1 score 

time series are free of linear trend, all three PC1 score series 

exhibit cyclic behaviours: periods of intensive drought 

incidence, which are indicated by frequent low values of 

PC1 scores, alternate with wet periods, indicated by frequent 

high PC1 score values. More specifically, according to the 

PC1 score series shown in Figure 4, we can identify three 

major drought-intensive periods between 1960 and 2007. 

These occurred in the late 1960s, the mid-1980s and the late 

1990s, respectively. Each drought-intensive period lasted 

four to five years and was followed by a multi-year wet 

period. To quantify the observations on the cyclic 

behaviours of the PC1 score series noted above, a spectral 

analysis (Bloomfield, 1976; Percival & Walden, 1993) was 

carried out. Spectral analysis decomposes time series into 

linear combinations of sinusoids with different frequencies 

using the Fourier transformation technique. 

J. RICHARD R., HEIM JR. [5] (2002) 

“A Review of Twentieth- Century Drought Indices Used in 

the United States” 
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The World Meteorological Organization defines a drought 

index as “an index which is related to some of the 

cumulative effects of a prolonged and abnormal moisture 

deficiency” (World Meteorological Organization 1992). 

Friedman (1957) identified four basic criteria that any 

drought index should meet: 1) the timescale should be 

appropriate to the problem at hand; 2) the index should be a 

quantitative measure of large-scale, long-continuing drought 

conditions; 3) the index should be applicable to the problem 

being studied; and 4) a long accurate past record of the 

index should be available or computable. A fifth criteria 

should be added for indices used in operational drought 

monitoring: 5) the index should be able to be computed on a 

near-real-time basis. 

K. Jesslyn F. Brown et al [7] (2014) 

“The Vegetation Drought Response Index (VegDRI): 

A New Integrated Approach for Monitoring Drought Stress 

in Vegetation” 

The development of new tools that provide timely, detailed-

spatial-resolution drought information is essential for 

improving drought preparedness and response. This paper 

presents a new method for monitoring drought-induced 

vegetation stress called the Vegetation Drought Response 

Index (VegDRI). VegDRI integrates traditional climate-

based drought indicators and satellite-derived vegetation 

index metrics with other biophysical information to produce 

a 1 km map of drought conditions that can be produced in 

near-real time. The initial VegDRI map results for a 2002 

case study conducted across seven states in the north-central 

United States illustrates the utility of VegDRI for improved 

large-area drought monitoring. 

The VegDRI represents a new large-area drought 

monitoring approach that integrates climate data, satellite-

based observations of vegetation, and other 

biophysical.Average VegDRI response calculated for 

grassland and small grains within Perkins County, South 

Dakota for 14-day periods in 2002 and the self-calibrated 

PSDI calculated at three weather stations located within and 

near the county. The time-series responses of VegDRI for 

both land cover types and the PDSI for all three stations are 

similar and reflect the intensification of drought conditions 

across the 2002 growing season. characteristics of the 

environment. The 1 km spatial resolution of the satellite 

observations enables monitoring drought events at a finer 

spatial scale than with traditional climate-based drought 

indicators. Climate data, when used in combinations with 

these observations, allows drought-affected areas of stressed 

vegetation to be discerned from stressed areas resulting from 

other environmental factors. This cannot be achieved by the 

traditional remote sensing-based approaches that rely solely 

on satellite VI information. The aim of VegDRI was to 

address the need for a tool that could map and monitor 

spatially detailed drought patterns across large geographic 

areas and provide localscale drought information required 

for more effective planning, mitigation, and response 

activities. The results from this study demonstrate that more 

spatially detailed drought patterns can be characterized and 

monitored in the 1 km VegDRI maps, compared to the 

commonly used USDM map. This provides more localized 

drought information, which is currently at a county to sub-

county scale. In addition, VegDRI represents an objective 

and repeatable approach to drought monitoring that can be 

implemented in a near real-time fashion and geographically 

expanded to provide coverage across the United States. 

III. CONCLUSION  

 SPI shows better picture of drought in comparison 

to other indices because it is used for long term and 

short term time scale. And chances of occurrence 

of errors are very less. 

 Maximum drought has occurred in Rajasthan and 

Gujarat state of India. 

 There is not always a correlation between 

precipitation and hydrological and vegetation 

drought. 

 SPI shows better correlation with kharif crop 

production.  
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