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Introduction 
 

Drought is an insidious hazard of nature; it 

affects more people than any other form of 

natural catastrophe. It is world‟s most 

expensive natural disaster causing an 

estimated loss of between $6 and $8 billion 

USD each year globally (Keyantash et al., 

2002). Drought manifests itself as a regional 

entity rather than a local event which often 

covers large areas extending across several 

catchments or river basins. So the spatial 

extent and temporal aspects such as a 

drought‟s persistence are considered 

important characteristics of the drought event  

 

 

 

 

 

 

(Andreadis et al., 2005; Hisdal et al., 2003) 

beside the characteristics such as severity and 

duration of a drought, the National 

Commission on Agriculture in India defines 

three types of droughts namely, 

meteorological, agricultural and hydrological 

droughts. Meteorological drought is defined 

as a situation when there is significant 

decrease from normal precipitation over an 

area (i.e. more than 25 %). Agricultural 

drought occurs when rain fall and soil 

moisture become inadequate during the 

growing season to support healthy crop 
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Agricultural drought has become a prime concern worldwide because of its 

severe effect on productivity of rain-fed crops and indirect effect on 

employment as well as per capita income. These agricultural droughts 

occur due to short term moisture stresses. This work was carried out to 

analyze droughts in the Mewar region of Rajasthan using Standardized 

Precipitation Index (SPI). SPI_1 and SPI_3 which are representatives of 

short term drought are used for analysis. Its application can be related 

closely to meteorological types of drought along with short-term soil 

moisture and crop stresses. Efforts have been made in monitoring the 

temporal and spatial extent of drought in the region. Study indicated that 

region affected by short term droughts frequently in the past three decades. 

K e y w o r d s  
 

Standardized 

precipitation 

index, Short term, 

Spatial  

and temporal. 

 

 
 

Accepted:  

04 May 2017 

Available Online:  
10 June 2017 

Article Info 

 

https://doi.org/10.20546/ijcmas.2017.606.022


Int.J.Curr.Microbiol.App.Sci (2017) 6(6): 182-192 

183 

 

growth to maturity and causes crop stress and 

wilting. Hydrological droughts occur when 

meteorological droughts last for long time 

eventually lead to situations like drying up of 

reservoirs, lakes, streams and rivers and fall in 

groundwater level (NRSC, 2008). By seeing 

the changes in meteorological and 

hydrological conditions influencing and 

threatening the reduction of supply of some 

goods and services such as energy, food and 

drinking water, American Meteorological 

Society (1997) introduced another drought 

category called socio-economic drought 

(American Meteorological Society, 1997). 

 

Agriculture is the immediate victim of 

drought disaster – impacting crop area, crop 

production and farm employment (Rathore et 

al., 2014). In India more than 68% people are 

directly and indirectly dependent upon 

agriculture (Jain et al., 2010). About 68% in 

net sown area of 140 million hectares is 

vulnerable to drought conditions and about 

50% of such vulnerable area is classified as 

„severe‟, where frequency of drought is 

almost regular. The 2002 drought reduced the 

sown area to 112 million hectares from 124 

million hectares. According to (Murthy et al., 

2010), the 1987 drought in India damaged 

58.6 million hectares of cropped area 

affecting over 285 million people. The 2002 

drought reduced food grain production to 174 

million tons from 212 million tons, thus 

leading to a 3.2 per cent decline in 

agricultural GDP. So agricultural drought 

plays a major role in the economy of agrarian 

countries like India, when drought occurs it 

makes the land incapable of cultivation 

throughout the year and this situation creates 

harsh and unfriendly environmental condition 

for human being, livestock population, 

biomass potential and plant species (Siddiqui, 

2004). So, there is an urgent need to make an 

effort to monitor and mitigate drought disaster 

with reference to span of time (Rathore, 

2004). A well designed mitigation and 

preparedness plan can help the decision 

makers to reduce the effect of drought. In this 

context, the present study attempts to assess 

agricultural drought by using Standard 

Precipitation Index (SPI) and GIS techniques 

for monitoring the spatio-temporal extent of 

agricultural drought in Mewar region of 

Rajasthan. 

 

Materials and Methods 

 

Study area  

 

When we hear about Rajasthan first thing that 

comes to mind is it has deserts and deserts are 

formed due to low rainfall resulting in 

scarcity of water. That‟s true to most extent 

because out of 13 states repeatedly declared 

as drought-prone, Rajasthan is the most 

critical state in the country with highest 

probabilities of drought occurrence and 

rainfall deficiencies (Rathore, 2005). In more 

recent times, Rajasthan has experienced 

severe and frequent spells of droughts than 

any other region in India. According to study 

conducted by state control board Rajasthan is 

likely to suffer from further increase in water 

shortages due to overall reduction in rainfall 

and increase in evapotranspiration as 

consequences of global warming (Rathore et 

al., 2013).  

 

Mewar region which is selected as a Study 

area is located south of the Great Indian 

Desert of Rajasthan, India with total area of 

34437 km2. Located between 72059‟ 32‟‟E to 

750 49‟ 21‟‟ E longitude to 230 47‟ 55‟‟ N to 

25 57‟ 58‟‟ N latitude and encompasses, 

broadly the districts of Rajsamand, Udaipur, 

Bhilwara and Chittorgarh (Fig. 1). 

Climatically the region is transitional between 

sub-humid in south-east to semi-arid in north, 

north-west. The annual range of temperature 

varies from a maximum of 23.10°C in 

January and 37.43°C in May. The mean 

temperatures range for January and May are 
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17.13°C to 34.36°C, respectively (Rathore, 

2011). Rainfall in the region is characterized 

by moderate amount, seasonality, limited 

number of rainy days but with a larger 

number of cloudy days, variability in terms of 

time and space, uncertainty and unreliability 

again regarding time, space and amount. 

Rainfall averages 660 mm/year and is 

generally higher in the southwest and lower in 

the northeast of the region. Over 90% of the 

rain typically falls in the period June to 

September every year, during the southwest 

monsoon (Rathore, 2010). 

 

Data acquisition and Methodology 

 

The monthly rainfall data for the period of 34 

years (1981-2014) of 17 rain gauge stations 

located in the Mewar was collected from the 

website of Water Resource Department, 

Rajasthan. Distribution of rain gauge stations 

in study area is given in figure 1. 

 

Spatial interpolation of rainfall 

 

Since rainfall is never evenly distributed over 

the area of study due to the topographic 

variability of the catchment areas, 

hydrologists are frequently required to 

estimate point rainfall at unrecorded locations 

from measurements at surrounding sites. 

Optimizing rain gauge network design and 

selecting an appropriate interpolation method 

requires knowledge of rainfall spatial 

variability. The spatial explicit data are often 

obtained by geostatistical methods. Among a 

large number of interpolation algorithms, 

geostatistical methods are widely used. 

Geostatistical methods allow the interpolation 

of spatially referenced data and the prediction 

of values for arbitrary points in the area of 

interest (Nohegar et al., 2013). In this study, 

IDW approach is used for spatial interpolation 

of rainfall and drought characteristics over the 

Mewar region (Mishraet al., 2005). Total area 

of Mewar region is divided into grids of 30 × 

30 (Figure 1). Monthly rainfall recorded at 17 

stations for 34 years (1981-2014) were 

interpolated by ArcGIS 9.3, using Inverse 

Distance Weighing (IDW) algorithm and 

gridded monthly rainfall was created. Mean 

monthly areal rainfall of region was estimated 

by averaging gridded rainfall to find out the 

regional representative of SPI, assessing the 

regional behavior of drought characteristics. 

Gridded monthly rainfall data was used for 

the estimation of the SPI at each grid for each 

month of the period of analysis at multiple 

time scales for assessing the spatial extent of 

drought characteristics in the region in terms 

of percent of area affected (Manikandan et al., 

2015). 

 

Standardized Precipitation Index (SPI)  

 

Drought assessment involves thorough 

understanding of variations of its 

characteristics over time. Drought Index (DI) 

is a significant indicator which assists to 

assess the effect of drought and different 

drought characteristics viz., Intensity, 

duration, Severity and Spatial extent  in terms 

of numerical numbers which are believed to 

be far more functional than raw data. DI helps 

in sizing and quantifying drought condition. 

DI gives information of drought in numerical 

figures and it is most widely used drought 

assessment tool besides many other tools. 

Drought Indices are effective during decision 

making (Hayes, 2003) in the events such as to 

initiate drought relief programs, to measure 

the deficits of water in water resources, to 

assess drought severity etc. Various indices 

were introduced by researchers, PDSI 

(Palmer, 1965), Deciles (Gibbs et al., 1967), 

SPI (McKee et al., 1993), PN (Willeke et al., 

1994), SWSI (Shafer et al., 1982), ADI 

(Keyantash et al., 2004) and NADI (Barua, 

2010).  

 

The Standardized Precipitation Index (SPI) is 

developed by McKee et al.,, (1993) at 
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Colorado State University, US to quantify 

precipitation deficits on multiple time scales. 

Soil moisture conditions respond to 

precipitation anomalies on a relatively short 

scale.  
 

Groundwater, streamflow, and reservoir 

storage reflect the longer-term precipitation 

anomalies. For these reasons, McKee et al., 

(1993) originally calculated the SPI for 1, 3, 

6, 12, 24, and 48 month time scales. SPI is 

recommended by the World Meteorological 

Organization as a standard to characterize 

meteorological droughts (Dutra et al., 2013). 

SPI values can be categorized according to 

classes (Table 1). SPI values are positive or 

negative for greater or less than mean 

precipitation, respectively. Procedure for 

computation of SPI can be found in (Mishra 

et al., 2005). In this study, an SPI program, 

SPI_SL_6, developed by the National 

Drought Mitigation Centre (NDMC) at the 

University of Nebraska-Lincoln, was used to 

compute time series of Standard Precipitation 

Index.  

 

Temporal and spatial analysis of drought  

 

Occurrence of drought categories and 

monthly distribution of occurrence of drought 

categories were determined from the regional 

representative of SPI series. Drought 

parameters (most intense quantity of drought, 

onset and end time of drought, drought 

duration, drought severity and drought 

frequency) were determined based on the 

theory of runs proposed by (Belayneh, 2012). 

Percentage of drought occurrence was 

calculated by taking the ratio of drought 

occurrences in each drought category to the 

total drought occurrences for each grid. 

Monthly distribution of occurrence of drought 

categories were calculated by taking the ratio 

of number of drought occurrence in each 

category in each month to total number of 

months over the period of analysis 

(Yevjevich, 1967). 

Results and Discussion 

 

The temporal characteristics of short term 

droughts in Mewar region were analyzed 

based on the regional representative of SPI 

value to assess the regional drought. A 

regional drought characters i.e. Drought 

occurrence, most intense, severity, duration, 

intensity and frequency were studied. 

Regional representative of monthly SPI 

values have been computed at 1-month and 3-

month time scales using mean monthly areal 

rainfall. Use of different time scales helps to 

identify different types of drought. In this 

study SPI_1 and SPI_3 time series values are 

used to analyze the short duration drought. 

These (SPI_1 and SPI_3) SPI are useful in 

monitoring agricultural drought and 

meteorological drought (Cacciamani et al., 

2002). 1-month SPI reflects short-term 

conditions and it is a good indicator of the 

deviation of precipitation from the long-term 

average (Belayneh, 2012). Its application can 

be related closely to meteorological types of 

drought along with short-term soil moisture 

and crop stress, especially during the growing 

season. A 3-month SPI provides a seasonal 

estimation of precipitation and it is effective 

in highlighting available moisture conditions 

when compared to currently available 

hydrological indices (Belayneh, 2012).  

 

The 1-month and 3-month SPI values for 

Mewar region are shown in figures 2 and 3 

for periods of 1981-2014. As shown in figures 

2 and 3, characteristics of drought change 

with time (Manikandan et al., 2015). The time 

series of monthly SPI showed that the region 

experienced frequent droughts for the period 

of drought analysis and detected several 

severe and extreme drought events. These 

droughts occur more frequently and it 

assesses the effect of agricultural drought as 

mentioned earlier. Analysis of the computed 

SPI series for SPI_1 time scale (Figure 2) 

showed that Mewar region has experienced 
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droughts in terms of severity and duration in 

the middle of 1980s, start and end of 1990s 

and initial years of 2000s. Greater than 30 

percent of the years under study faced severe 

and extreme drought in 1-month time scale. 

Drought which accrued in July 2002 had 

intensity of -3.83, which is the most intense 

drought occurred in the study period and this 

type of drought is very rare to found. 1987, 

2002 and 2000 droughts had peak magnitude 

of -5.2, -5.18 and -4.78 respectively. Longest 

duration droughts in the study period in 1-

month time scale occurred in 1984 and 2002 

which creped of four months had a substantial 

impact on the region.  

 

Basedon 3-month SPI values (Figure 3) years 

1986-1988, 1990-1994 and 1998-2002 were 

affected by severe and extreme droughts. 

Years2002, 1987 and 2000 had peak 

magnitude of -9.48, -9.02 and -8.62 produced 

a greater impact in the region. In the Mewar 

41 percent of the years under study faced 

severe and extreme droughts at 3-month time 

scale. As shown in figue SPI responds quickly 

to wet and dry periods, which means that each 

new month has a large influence on the period 

sum of precipitation. This also means more 

droughts of shorter duration. On the other 

hand, as the time scale increases, the index 

responds more slowly. In other words, as the 

time scale increases, each new month has less 

impact on the total, which is indicative of 

fewer droughts of longer duration. The most 

intense drought i.e., minimum negative of SPI 

values derived from the regional 

representative of SPI values over the study 

period for Mewar region showed that, The 

most extreme 1-month SPI (SPI_1=−3.83) 

and the 3-month SPI (SPI_3=−2.69) was 

occurred in July 2002 which were having 

return period of >100 and 35 years, 

respectively. 

 

Occurrence of drought categories 

 

Occurrence of drought categories provides 

convincing answer to the question: “How 

many droughts have occurred in the Mewar 

region in the past?” Table 2 presents the 

percentage of occurrence of drought 

categories at multiple time scales in the 

Mewar region. The results showed that for a 

given time scale mild droughts occur most 

frequently and extreme droughts occurs least 

frequently. The percentage occurrence of 

drought events with drought severity level of 

mild to extreme drought has nearly 

comparable values for all time scales. Similar 

results were reported by (Manikandan et al., 

2015; Edossa et al., 2010).  

 

Monthly distribution of drought categories 

 

The results of monthly distribution of 

percentage of occurrence of droughts at 

multiple time scales in the Mewar are 

presented in table 3. From the table 3 it can be 

observed that the Mewar region experienced 

frequent droughts for all months of the year. 

Analysis of percentage of occurrence of 

drought at 1-month SPI showed that April, 

May and October are the months during 

which the SPI_1 values most frequently takes 

the negative SPI value and it is followed by 

June, August, September and July.  

 

Table.1 Drought Classification based on SPI (McKee et al.,, 1993) 

 

SPI Values Class 

-0.99 to 0.99 Near normal 

-1 to -1.49 Moderately dry 

-1.5 to -1.99 Very dry 

<-2 Extremely dry 
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Table.2 Occurrence of drought categories (percentage) in the Mewar region 

 

Sl.No Time Scale Mild Moderate Severe Extreme Total 

1 SPI_1 26.23 2.21 0.98 1.96 31.37 

2 SPI_3 38.24 5.39 2.70 1.96 48.28 

Table.3 Monthly distributions of drought categories 

 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

SPI_1 0.00 0.00 0.00 8.33 4.17 3.92 3.43 3.68 3.68 4.17 0.00 0.00 

SPI_3 4.17 4.17 4.90 4.66 3.68 4.41 3.43 3.43 3.68 3.68 3.43 4.66 

 

 

Fig.1 Details of the study area 
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Fig.2 Time series of SPI Values at 1-month timescale for Mewar region 

 

 
 

 

Fig.3 Time series of SPI Values at 3-month timescale for Mewar region 
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Fig.4 Areal extent of drought categories in 1-month time scale 

 

 
 

 

Fig.5 Areal extent of drought categories in 3-month time scale 

 

 
 

Further analysis showed that SPI_1 droughts 

were completely absent from November to 

March in the Mewar region. Monthly 

distribution of percentage of occurrence of 

drought at 3-month time scale showed that the 

negative SPI values occur most frequently 

during March, April and December followed 

by June, January and February. 
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Areal extent of annual drought categories 

 

Areal extent of drought for a particular year 

was computed using monthly SPI values for 

each grid. In this respect, number of grids 

which expressed mild, moderate, severe and 

extreme drought conditions at multiple time 

scales was determined for the corresponding 

SPI values and plotted for the study period to 

observe their areal extent (as percent of the 

total area of region) Percentage of area 

affected by different drought categories in 

each year during 1981–2014 at multiple time 

scale is given in the figures 4 and 5. For 

SPI_1 greater than 50 percent of the areas 

were affected by mild drought in the years 

1991, 1998, 1995 and 2000. In 1987 and 2000 

severe drought covered more than fifty 

percent of the region. The year 2002 was 

found worst year as about 98 percent of the 

total area of the region was under extreme 

drought condition, followed by the years 1987 

and 2014 with more than 50 per cent of the 

total areas of the region was affected by 

extreme drought. For SPI_3, droughts in the 

years 1981 followed by 1984, 1985, 1987, 

1991, 1999, 1998, 1992, 1995 and 2001 

distributed in more than fifty percent of the 

Mewar region under moderate drought 

condition. 1991, 1993, 1998 and 2002 were 

affected 50 to 60 percent of the region under 

severe drought condition. 1987 and 2000was 

found to be the worst year, when about 75 per 

cent of the total area of the region was under 

extreme drought.  
 

In conclusion, the present study attempts to 

identify the spatio-temporal extent of 

agricultural drought over Mewar region of 

Rajasthan. SPI is used as a drought indicator 

in this study and its found effective in 

analyzing the short term droughts, which 

cause significant impact on agriculture. 

Analysis indicated that region experienced 

short term droughts frequently during study 

period, in which mild droughts occur more 

frequently and extreme droughts occur least 

frequently. More than 50% of the areas were 

frequently affected by extreme and severe 

droughts during study period.  

 

Abbreviations 

 

USD - United States Dollar 

GIS - Geographical Information System 

IDW - Inverse Distance Weighting 

DI - Drought Index 

PDSI - Palmer Drought Severity Index 

SPI - Standardized Precipitation Index 

PN – Percent Normal 

SWSI - Surface Water Supply Index 

ADI - Aggregated Drought Index 

NADI - Nonlinear Aggregated Drought Index 
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