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Abstract - An Agricultural drought is a type of natural
disaster that seriously impacts food security. It's difficult to
accurately identify a drought scenario because the
interactions between short-term rainfall, soil moisture, and
crop growth are so complicated. To cope with drought in the
current climate change scenario, it is vital to understand the
features of agricultural droughts in water-scarce regions in
order to design prudent plans for the use of water resources.
Drought indices based on remote sensing, as well as
Geographic Information Systems (GIS), are critical tools for
mapping and monitoring agricultural droughts. The primary
goal of the present study is to monitor agricultural drought
dynamics over the semi-arid region of Buldhana District
(Western Vidarbha) during the year 2011 to 2021 by using the
Normalized Difference Vegetation Index derived (NDVI) and
Standard Precipitation Index (SPI) from time-series remote
sensing data products. The study clearly indicates NDVI and
SPI's potential as reliable indices for assessing and monitoring
agricultural droughts.
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1. INTRODUCTION

Food security has become a crucial issue for many
developing countries as the world population continues to
grow. Furthermore, global climate change increases the
severity and frequency of extreme climate events, such as
droughts, reducing water availability and posing a threat to
livelihoods and global food security. Drought is a severe
climatic hazard that occurs when the amount of water
available falls below the predicted level for an extended
period of time, which is a form of hydrological extreme.
Drought is the most damaging of all natural hazards in terms
of societal damage. Droughts occur in practically every
region of the world however, their occurrence, duration, and
intensity vary depending on climatic and hydrological
regimes. During the drought period, water scarcity affects all
human activities in general and agricultural activities in
particular, leading to reductions in agricultural production
and productivity in the arid and semi-arid regions. Drought
is anatural occurrence caused by a lack of rainfall in aregion
that is less than its typical distribution. Drought is a non-
permanent and repeating phenomenon, which occurs due to
deficiency of precipitation over an extended period of time,
as compared to long-term average conditions and it is

prevalent and more frequent especially in semi-arid
ecosystems. Drought in agriculture refers to a decrease in
crop yield due to inconsistent rainfall and insufficient soil
moisture in the crop root zones. Drought is a complicated
phenomenon that is influenced by a variety of hydrological
variables such as precipitation, evaporation, runoff,
infiltration, surface, and groundwater storages. Droughts are
frequently classified as meteorological, agricultural,
hydrological, or socioeconomic. High temperatures and low
precipitation cause a meteorological drought, resulting in
water shortages. Crops suffer from water shortages as a
result of meteorological drought, resulting in agricultural
drought. Agriculture droughts are more difficult to
comprehend than other droughts due to the complex
relationship between vegetation and climate.

In India, about 15.8% (50.8Mha) of the
geographical area is arid and nearly 37.6% (123.4Mha) is
characterized by semiarid climatic conditions, around 68%
of the country is vulnerable to drought in different degrees
mainly in arid, semi-arid, and sub-humid regions of western
and peninsular India. Since Maharashtra is a drought-prone
state, identification and projection of drought are the main
focus of hydrological studies. Although itis an example of an
industrialized state, more than 50% of the population
depend on the agriculture and allied activities for their
livelihood, which increases the vulnerability of drought
disaster. Therefore, drought is one of the major disasters, as
it affects the agrarian economy of the state. That's why,
drought monitoring is critical for providing scientific data for
policy formulation and drought risk mitigation. Traditional
methodologies and point-based datasets are insufficient for
monitoring and assessing the agricultural drought on their
own. The assessment of the relationship between
environmental conditions and vegetation cover is required
in arid and semi-arid regions to understand the
spatiotemporal variations of agricultural droughts in order
to plan and manage them.

Various drought indicators have recently been
developed to assess drought characteristics, particularly its
severity and spatial extent. Remote-sensing based drought
indices are more trustworthy than site-based drought
indices for monitoring the spatio-temporal pattern of
drought conditions. The drought indices derived from time-
series satellites are highly reliable to monitor and assess the
drought severity by its spatio-temporal resolution especially
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where limited gauge stations are available In recent years,
the Climate Hazards Group Infrared Precipitation with
Stations (CHIRPS) dataset has been used as a substitute to
ground-based precipitation data for the assessment of
droughts Vegetation response depends on many factors,
which include duration, severity and intensity of drought,
vegetation phenology, and other environmental factors like
soil type, agricultural practices, and elevation of the given
location. Many vegetation indices have been developed to
monitor vegetation conditions in time and space. NDVIis one
of the most well-known vegetation indices, and it is used to
monitor and analyse drought occurrence and vegetation
health, particularly in semi-arid environments where
vegetation covers <30% of the area. MODIS offers real-time
land surface temperature (LST) data and the accessibility of
such surface temperature data is helpful to monitor and
quantify the association between seasonal and inter-
seasonal vegetation dynamic with changes in surface
temperature. LST retrieved from remote sensing data found
to be an essential environmental variable in drought
monitoring. Time-series remote sensing data play a vital role
in the detection, assessment, and monitoring of agriculture
drought with its real-time data availability and different
range of spatial and temporal coverage.

2.STUDY AREA, DATA & METHODOLOGY
2.1Study Area

Buldhana districtis a study area in the western Vidarbha
region and at the northern end of Marathwada. This study
area is spread in latitudes 19°51’ to 21°17' in North, 75°57’
to 76°59’ longitudes towards East and it covers about 9670
km2 of India. In 2011, the population of Buldhana was
2,586,258 people. Normal rainfall in the district is around
713 mm. The net irrigated area of 1.55 lakh ha accounts for
21.95 percent of the net sown area of 7,06,300 ha, with
1,17,100 ha being cultivated multiple times. The cropping
intensity is 116.58%. Ground water (well irrigation)
provides irrigation facilities to about 63,689 ha which is
41.09 % of the net irrigated area. While canal network and
other surface water sources including rivers provide
irrigation facilities to about 91280 ha which is 58.91 % of the
net irrigated area The district's main source of income is
agriculture. 23% of land holdings are categorized as small
that increases the vulnerability.

LOCATION MAP OF STUDY AREA

MAHARASHTRA H|

BULDHANA

Fig -1: Study Area
2.2Data Used

CHIRPS data at 1-month temporal resolution and 5 km
spatial resolution were obtained from the UCSB-Climate
Hazards Group (CHG) website
(https://www.chc.ucsb.edu/data/chirps) for January to
December for a period of 10 years (2011 to 2021) and the
same datasets were used to computel-month SP. MOD13Q1
data products of MODIS with 250 m 16 days composite and
MOD11A2 8 days composite data products at 1 km
resolution for 10 years (2011 to 2021) were downloaded
(https://lpdaac.usgs.gov) to develop monthly NDVI
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Fig -2: Map of the study area with general land use/land
cover classes.

2.3METHODOLOGY
2.3.1 Pre-processing of time-series CHIRPS data

In the study, the monthly CHIRPS rainfall data at 5
km resolution for the period of 10 years (2011 to 2021)
were used. The raster was then transformed into a point in
ArcGIS using the 'raster to point' tool. The values of each
point were then derived from monthly rainfall rasters using
the ArcGIS 'extract values to points' tool. Subsequently, the
monthly rainfall data were interpolated by using the IDW
interpolation technique in ArcGIS and generated monthly
rainfall data products, then downscaled to 250 m by using
the ‘bilinear resampling technique’ to achieve parity with the
MODIS 250 m products utilised in the study.

2.3.2 Computation of SPI

As a drought indicator, the SPI is calculated using the
probability of precipitation for each given time scale. A
gamma probability density function is fitted to a given
frequency distribution of precipitation totals for a certain
station. Using the SPI tool, a 1-month SPI was computed for
10 years (2011 to 2011) from monthly rainfall data
generated from CHIRPS data products to examine long-term
monthly dry and wet conditions. Following that, using the
IDW interpolation approach in Arc GIS, a seasonal SPI raster
(June-September) was created for the period 2011-2021
based on 1-month SPI rasters for further study with
vegetation indices produced from time-series satellite

datasets for the same period. The SPI for one month was
calculated using the following mathematical formula

SPI = Xij - Xim/o

Where, “Xij" represents rainfall for the it station and the jth
observation, "Xim" represents the mean rainfall for the it
station, and ‘o’ represents the standard deviation for the it
station.

2.3.3 Computation of NDVI

The MODIS Terra vegetation index 16-days NDVI
composite with 250 m resolution (MOD13Q1) was obtained
for the growing season from June to September, spanning the
Julian dates for a 10-year period (2011 to 2021). Using the
MRT tool downloaded from LPDAAC
(https://lpdaac.usgs.gov/Ipdaac/tools), the downloaded
datasets were re-projected from the sinusoidal projection
system to the Universal Transverse Mercator (UTM)
projection system with WGS84 datum and then clipped with
the study area boundary. Clouds and other atmospheric
disturbances characterise the MODIS NDVI, lowering the
quality of NDVI time-series datasets. The quality control flags
were calculated using the MODIS LDOPE (Land Data
Operational Products Evaluation) tool and ArcGIS software to
create better filtered datasets. To get the quality grade file
corresponding to NDVI, the CMD batch programme of the
LDOPE tool was used to decode the quality information of the
red and near-infrared bands in batches, and ArcGIS was
utilized for batch grading synthesis. The atmospherically
corrected NDVI products were eventually used to construct
monthly NDVI composites for the growing season (June-
September) and growing season mean NDVI composites fora
10-year period (2011-2021).

© 2022,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 2058



Q‘!,‘ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
IRJET Volume: 09 Issue: 06 | Jun 2022 www.irjet.net p-ISSN: 2395-0072

2012 2013

2011

Tagend —?
'SPI_2013 :
tegend e VALUE>
sPI_2011 SPL2012 0506 - 0754
- <VALUE> 0755 - 0.968
.-0.250--0033 0.182-0.405 -b. 958
0038 -0.122 0 405 - 0 623 < £0.969 - 1.197
L. [lo122-0272 0553 0618 1198 - 1471
.y - 0272 - 0.404 07618707704 1412 - 1601
. B . 0 <0é -2 0618 - 0. 1.602 - 1.747.
mmo704-08s AR 1 000000 ALl '

2016

“ 2014 ‘ 2015
rFa
. '. a. Legend
, e

. Legend
Legend ° SPI_2015 SPI_2016
3 SP|_2014 . .- <VALUE> <VALUE>
3 VALUE> - . " 035070521 01210395
E 1345 --0.899 1%,z ’ LR EE052- 0364 0395 - 0,608
0598 --0.773 | &) 03530225 90609 - 0.794
[3-0.772 - -0.657 . [9-0224--0.091 10,795 - 0.925
-0 656 - -0 551 = . E9-0.09- 0.117 0,926 - 107
oz -0 55 - 042 - oy 0180372 108152
0419 - 0,061 o

2017 2018 2019

[
Mﬂ
-

Bagend -~ L h"f ------------ . Legend
SPI2017 : Spi_2018 i SPL2019
VALUE> <VALUE> : <VALUE>
02450029 --0.308--0.032 0 245 - 0.549
00280077 & --0.031-0.081: 055 -0.749
=0.078-017 =0.02- 0.203 | 10.75 - 0.919
0171- 0251 | Mm0.204 - 0.337 1092 -1.099
02520344 | 0338 - 0.462 | 1.1 - 1.303
e : 0.463-0.726 |

m0345-0576 0 _gNERESSES LR S L 1304 - 1518

BYLPa P

2020 2021

Legend Legend
SPI_2020 SPI_2021
<VALUE> <VALUE>
-.1211- 1503 .-1093--0663
1504 - 1.667 0662 --0.467
11668 - 181 [J-0466--0295
[CJ1.811- 1.948 10294 --0.145
[1949-208 [-0.144 -0.062
2.081-2.142 0063 - 0.372

Fig. 3. Spatio-temporal patterns of 1-month SPI of the growing season over the study area during the period from 2011 to
2021.

© 2022,IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page 2059



g‘!,‘ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

IRJET Volume: 09 Issue: 06 | Jun 2022

www.irjet.net

p-ISSN: 2395-0072

2011

Legend
NDVI_2011

Value 3
- High : 0.718281

- Low :-0.01397

2014

Legend
NDVI_2014

Value
- High : 0.655867

K2 ow: -0.0790959 -

2017

Legend

NDVI_2017
Value

.ngh 1081735

K Low - 0.0336046

2020

Legend
NDVI_2020

Vall}{le h:0.831456
L igh - 0.

o
K Low : 0.054971¢ >

2012

Legend

NDVI_2012

Value

] High - 0.718034

K ow: 00652266 *

2015

Legend
NDVI_2015

Value
L] High - 0.784445

— Low :-0.0235958 {5

2018

Legend

NDVI_2018
va“l’-le' h : 0.658692
~ igh : 0.

2021

Legend
NDVI_2021

Value
-H\gh :0.813254

B Low - 0.0889085

2013

Legend

NDVI_2013

Value

- High - 0.701768

K Low - -0.0002200198

2016

Legend
NDVI_2016

Value
) High : 0.697818

— Low : 0.028184

2019

Legend
NDVI_2019

Vahil—{e h - 0.67866[
L igh :

= Low - -0.0423344

Fig. 4. Spatio-temporal patterns of mean LST of the growing season over the study area during the period from 2011 to

2021.
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3. RESULTS & DISCUSSIONS

The temporal analysis of 1-month SPI and NDVI for
the growing season indicates that drought is a frequent
phenomenon in the majority of the years during the period
from 2011 to 2021 in the Buldhana District. During the year
0f 2014 the district received the lowest rainfall of the decade
and hence was affected by the most severe drought of the
decade with the lowest SPI value of about -1.34 and
corresponding years min NDVI was observed to be -0.07.
The following year was also no good for the district, this year
of 2015 was also dry because of the low monsoon rainfall
with SPI-0.8, leading to a moderate to severe type of drought
with a NDVI index of -0.07.

SPI NDVI
Year | Min Max Min Max | Remark
2011 | -0.28 | 0.62 -0.01 | 0.71 | Moderate
Drought

2012 | 0.18 | 0.89 | -0.06 | 0.71 | -

2013 | 051 | 175 | 0.00 | 0.70 | -

2014 | -1.34 | -0.06 | -0.07 | 0.65 | Severe Drought

2015 | -0.8 0.37 |-0.02 | 0.78 | Moderate
Drought

2016 | 0.12 | 152 | 0.02 | 0.69 | -

2017 | -0.24 | 0.57 | 0.03 | 0.81 | Moderate
Drought

2018 | -0.30 | 0.72 | 0.00 | 0.65 | Moderate
Drought

2019 | 0.24 | 151 |-0.04 | 0.67 | -

2020 | 1.2 2.14 | -0.05 | 0.83 |-

2021 | -1.09 | 0.37 | -0.06 | 0.81 | Severe Drought

Tablel.Temporal analysis of drought using SPI and NDVI.

Once again recently in the year 2021 the due the deficit in
rainfall during the monsoon with a minimum SPI of -1.09
and the effect of same was observed on the vegetation with
the min NDVI of -0.06. The year of 2011,2017,2018 even
though received lower rainfalls as compared to normal
rainfall of the district but received better rainfall than the
previous discussed years with the respective SPIindices as -
0.28,-0.24,-0.30 and NDVIs as-0.01,0.03,0.00. In the years of
2012,2013,2019 the monsoon was good while in the year of
2020 the district received the best rainfall of the decade
producing an SPI value of 1.20.

Year Affected Area Affected Area
2011 North-East East
2012 South North-West
2013 South South-West
2014 East East
2015 East/South-West East/South
2016 South-West East/South-West
2017 North/East North/East
2018 West/North-West North/North-East
2019 South/South-East West
2020 - -
2021 West West
Table2.Spatial Analysis of drought.

Affected Area Frequency

North 2

South 4

East 7

West 4

North-East 1

North-West 2

South-East 1

South-West 4

Table3.Spatial-Frequency Analysis of drought.

As can be seen from the above Spatial-Frequency analysis
it can be observed that the most of the time when the district
is affected by the drought, the eastern part of the district is
seen to be affect by the agricultural drought. In the last
decade itself it was affect the most that is 7 times. After that
the southern, Western and South-Western part of the district
were seen to be drought affected 4 times in the previous
decade.

4. CONCLUSION

The spatio-temporal investigation of 1-month SPI
derived from CHIRPS rainfall products for the growing season
from the year 2011 to 2021 indicates that agricultural
drought is a frequent phenomenon in the majority of the
years in the Buldhana district. The analysis of mean NDVI of
the growing season for the period from 2011 to 2021 clearly
illustrates that the region witnessed consistent agricultural
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droughts, especially in eastern, southern, Western and South-
Western parts. During the year 2015 the region experienced
moderate to severe drought. However, in the year 2020the
region was free from the agricultural droughts. The years
2012,2013,2016 and 2019 experienced mild droughts. While
the years 2014 and 2021 were severely affected by the
drought. The study clearly illustrates the utility of NDVI
generated from time-series in mapping and monitoring
agricultural drought in semi-arid regions, as it provides
consistent and reliable spatio-temporal coverage for
developing appropriate drought mitigation and adaptation
measures. Though agricultural droughts are complicated and
influenced by a variety oflocal to global climate variables, the
study's wide framework for obtaining multiple vegetation
indices from time-series was used. Satellite data could be
used in the assessment and monitoring of agricultural
drought, especially in arid and semi-arid zones, with minimal
alterations to suit local conditions.
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