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Abstract

Drought is a major environmental problem that
causes severe losses in agricultural production, water
supplies, livestock and ultimately, the environment as
a whole. The monitoring of drought is essential to
prevent and mitigate the effects of drought. Drought
assessment using remote sensing-based indices of
drought has been widely conducted for monitoring
droughts. The main objective of this study is to
analyze the intensity of agricultural drought and its
spatial extent using the VHI that includes NDVI, VCI,
LST and TCI in the Manganga watershed.

According to the results, mild and moderate drought
types are observed throughout the study area's
agricultural fields except for the adjacent area along
the river. The analysis also indicates that the
relationship between NDVI-LST and LST-VHI is
negative while the relationship between NDVI-VHI is
positive.

Keywords: NDVI, LST, TCI, VCI, VHI, Manganga
Watershed.

Introduction

Drought is a prolonged occurrence of an abnormally dry
period and inadequate rainfall to satisfy usual requirements
resulting in massive damage to human beings, agriculture,
livestock and decreased yields."*?* Drought is one of the
hydro-meteorological disasters most frequent in many parts
of India, which leads to an enormous threat to the national
economy and agricultural development. It is a major
environmental threat that causes significant losses in crop
production, water supply and livestock.”® The most
vulnerable shock is realized in dry areas, where the rainfall
pattern is highly variable.'® In India, the geographical area
of 28 percent is vulnerable to mild to extreme drought.”®

Managing drought is also a big problem and dealing with
this natural phenomenon requires extensive water resource
and agricultural management. Therefore, the monitoring of
drought is essential to prevent and mitigate the effects of
drought events. The drought can be easily monitored by
the use of remote sensing equipment over large areas. The
remote sensing data acquired by satellite provides a
synoptic view of the earth's surface and can be used to
assess drought spatially.” The monitoring of drought can be
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assessed using remote sensing drought indices which
include duration, intensity, severity and spatial extent.”
Several vegetative drought indices have been implemented
based on remote sensing data. Vegetation Health Index
(VHI)**° revealed the higher potential and showed better
suitability for detecting drought.>®

VHI considers the vegetation condition index (VCI) and the
temperature condition index (TCI) within one observation
period. Thus, VHI evaluates the drought in the vegetation
affected by temperature.>** The VVHI has also been widely
used for agricultural purposes such as predicting crop
yields.**** The prime objective of this study is to analyze
the intensity of agricultural drought and its spatial extent
using the VHI that includes NDVI, VCI, LST and TCI in
the Manganga watershed of Maharashtra, India. The
temporal analysis of drought is conducted as per the
availability of relatively clear Landsat satellite data of the
study area.

Study Area

Maharashtra is one of the most well-developed and
industrialized Indian States. It is the third-largest State with
a total area of 307713 sg. km, with a population of 112.3
million.?” The region in which drought frequently occurs is
the Manganga watershed in Maharashtra. In the present
investigation, the Manganga river tributary of Bhima River
is considered for the drought analysis which originates
from the hills lying in the eastern part of the Satara district
at Kulakjai village and flows through Sangali and Solapur
districts and finally meets Bhima river in Sarkoli. The
latitudinal and longitudinal extent of Manganga river
watershed are between 17° 27'N to 17° 44'N and 74° 95'E to
75° 14°E.

The watershed catchment area is 4757 square km and the
river's main channel length is 151.35 km (Fig. 1).
Agriculture is a significant occupation that supports more
than 80 percent of the population living in the basin. The
climatic condition of the study area is tropical. The annual
average rainfall in the study area is about 1094 mm and the
average annual temperature is around 24°C.

Database and Methodology

In this study, the Vegetation Health Index is analyzed using
long-term sequence data for 2001, 2010, 2015, 2017 and
2019 dry season using Landsat data. The satellite data is
being used in the analysis to precisely measure how
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normalized difference vegetation index (NDVI), land
surface temperature (LST) and the VHI are affected by
changes in the drought analysis.

Multi-temporal smoothed quarter-month Landsat satellite
images from 2001 to 2019 at a spatial resolution of 30 m
are taken from USGS. For this study, three Landsat satellite
images (January, May and September) are acquired yearly
(Table 1). In order to derive VHI, it is necessary to process
various indices that are carried in the following manner.
Figure 2 gives a brief and standardized flow of complete
analysis.

Normalized Difference Vegetation Index (NDVI):
Drought analysis of applied vegetation indices method

Vol. 14 (2) February (2021)

using the spectral representation of the vegetation leaves
defined NDVI1.%° This is commonly used to determine both
global and local vegetation conditions and climate impacts
on vegetation. The NDVI is produced by Landsat images
using the ratio of bands 4 (red) and 5 (near-infrared) eq. 1:

@)

where NIR=near-infrared reflectance and RED= visible red
reflectance.

NDVI = (NIR — RED)/(NIR + RED)

NDVI is computed for three months (January, May and
September) for the years 2001, 2010, 2015, 2017 and 2019.
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Fig. 1: Geographical Location of the Study Area
Table 1
Satellite database for drought assessment
S.N. Satellite & Sensor Name Resolution Year Month
1 Landsat (TM) 2001
2 2010
3 Landsat (ETM+) 30m 2015 January, May and
4 2017 September
5 Landsat (OLI) 2019
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Fig. 2: Research Methodology

Land Surface Temperature (LST): LST is defined as the
surface radiometric temperature corresponding to the
instantaneous field of view of the sensor. Information about
land surface temperature is obtained using Landsat data
from the following formula (Eq. 2). These data are being
used as input for the TCl and VHI computation, an
advanced and optimized model of agricultural drought
monitoring.

LST=BT/1+w*(BT/p)*In(e) )
where BT = At satellite temperature, W = wavelength if
emitted radiance, P = h*c/s (1.438*10"-23 m k), h =
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Plank’s constant (1.38*107-23 j/Kk), s = Boltzmann constant
and ¢ = velocity of type (2.998*1078 m/s).

Vegetation Condition Index (VCI): The index is widely
applicable for the assessment of vegetation stress and for
the analysis of vegetation response.’® In this study, the s
NDVI data are used as input to compute the VCI model.
Vegetation Condition Index values indicate how much
vegetation has improved or degraded about environmental
conditions. According to Kogan'?, the VCI value is
expressed in the percentile ranged from 0 to 100. A high
VCI value indicates a healthy and unstressed condition of
vegetation. The VCI value of 50-100% indicates above
normal or wet conditions. In this study, the VCI model is
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used to examine the agricultural drought condition of the
study area as follows eq. 3:

VCI =100 x NDVI;— NDVlyin -/ NDVlpe — NDVIpnin  (3)
where NDVIi= the current smoothed NDVI value of i
month, NDV i, and NDV I .., are multi-year (2001- 2019)

absolute minimum and maximum NDVI values for every
pixel at a particular period.

Temperature Condition Index (TCI): The LST data is
used as an indicator of the energy balance at the earth’s
surface called the greenhouse effect in climate change
studies.” The TCI has proposed that higher temperatures
appear to cause deterioration or drought during the
vegetative growth cycle whereas low temperatures are
generally beneficial to vegetation during its production.
The model has improved considerably in order to determine
the vegetation response to temperature. In this study, the
LST data are rescaled and converted into °C (degree
Celsius) unit. The TCI is estimated using the following
mathematical expression eq. 4:

TCIl =100 X (LSTmax — LST)/(LSTmax — LSTrmin) (4)
where LST;=LST value of i"-month, LSTax and LSTin
are the smoothed multi-year maximum and minimum LST.

Vegetation Health Index (VHI): The VHI show the
availability of moisture and temperature or thermal
condition in vegetation.® The VHI has been used for
various applications such as prediction of drought, extent
and duration of drought, early warning of drought.”” The
VHI model has been described as a comprehensive
agricultural drought-monitoring index and has strong
effectiveness in exploring the spatial scale of extreme
agricultural drought. VHI depends on the weather and
environmental factors of the area.”®

Seiler”” has shown that the VVHI combination of TCI and
VCl is significant in classifying the spatial area, frequency
and intensity of agricultural droughts in a manner
consistent with precipitation patterns. This drought index
has improved performance for monitoring agricultural
drought.?* Marufah et al'’ stated that VVHI had been used to
consider the duration, spatial distribution and intensity, or
type of agricultural drought. The VHI is mathematically
computed as follows eq. 5:
VHI =a x VCI + (1 —a) x TCI (5)
where VHI=Vegetation Health Index, a=0.5 (contribution
of VCI and TCI), VCI=Vegetation Condition Index,
TCI=Temperature Condition Index.
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Results and Discussion

NDVI: Theoretically, NDVI values are represented as a
ratio ranging in value from -1 to 1, but in practice, extreme
negative values represent water, values around zero
represent bare soil and values close to one represent dense
green vegetation. The spatial distribution of NDVI over
part of the Manganga river basin area for 2001, 2010, 2015,
2017 and 2019 is shown in figure 3.

After January's observation month (2001 and 2010), most
of the area has been covered by non-vegetation, but for
January 2015 and 2017 months, vegetation cover has
decreased and the 2019 non-vegetation area has decreased.
May is a very hot month this month. The temperature is
also high in Maharashtra. High temperature affects
vegetation as well. The vegetation is scarce in May 2001
and 2010, although some increase in greenery in 2015 and
2017.

However, there is less vegetation in May 2019. September
2001 is a very critical condition for vegetation because this
year, the bulk of the vegetation cover is almost lost as per
the observation. However, in September 2010, 2015, 2017
and 2019, vegetation condition changed and vegetation
cover increased. Overall, if we consider all the years, the
year 2001 is not ideal for vegetation in the non-vegetation
areas in general. Afterward, vegetation increased (2010,
2015 and 2017), yet another negative vegetation change
was in 2019.

LST: The LST of the Manganga river watershed highlights
the spatial distributions of the hot areas based on 2001,
2010, 2015, 2017 and 2019 images (Fig. 4). The land
surface temperature has been classified into four classes,
the first less than 20, 20 to 30, 30 to 40 and the last greater
than 40°C. In January 2001 and 2010, the temperature is
decreased below the first two categories, while in 2015 the
temperature increases. Some regions indicated more than
40° C in 2019. The LST marginally decreased in 2017
while the LST increased significantly in 2019. May is a
very hot month. Temperature is pretty high everywhere.
With findings in May 2001, 2010, 2015, 2017 and 2019,
only May 2001 is generally below 40 + C. In September
2001, variability in temperature is everywhere. It implies
all four categories in temperature in the study area.

VHI: The classification scheme for drought monitoring
based on VHI is divided into five groups as extreme
drought (VHI < 10), severe drought (10 < VHI < 20),
moderate drought (20 < VHI < 30), mild drought (30 <
VHI < 40) and no drought (VHI > 40)."° As per the
observation, many areas fell under the medium drought and
mild drought in January 2001. No Drought condition
around the river is due to the availability of a sufficient
amount of water of the river. As the distance from the
stream increases, the various conditions of drought can be
observed. Year 2010 is better for wvegetation health
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condition as much of the region is contained within the area
without drought. However, the VHI decreases in 2015 and
2017 (Fig. 5).

Thus the drought levels begin to increase. May is a very hot
month and high temperatures do have a big effect on
Vegetation Health; therefore, vegetation health condition is
not likely to be good during this period. May 2001, 2010,
2015, 2017 and 2019 are main regions of the mild drought,
medium drought and some portion are in severe drought.

Vol. 14 (2) February (2021)

As per the investigation, the only adjacent area along the
river basin is observed as without drought condition. The
month of September contains rainy days and this time is
well balanced for vegetation health. The healthy condition
of vegetation is found in September 2001, 2010, 2015 and
2017, although it was poor in 2019. According to the result,
the mild and moderate type of drought are observed in the
study area.

Manganga River Basin N

JANUARY

0 1530 60 90 120
- — “e— M

NDVI

MAY SEPTEMBER

D s
Y Y

WYy
N N S

N W 7

NDWVI

P 0.3 to 0.6 (Decidous Forest)

S

INDEX

] -1 to 0.1 (Non Vegetation)
] 0.1 to 0.3 (Agriculture, Vegetation)

Fig. 3: NDVI
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Correlations between indices

The goal of regression analysis is to construct a statistical
model that can be used to measure dependent variable's
values based on an independent variable’s value. The
analysis reveals that the land surface temperature (LST)
and NDVI change over time depending on the changes in
the vegetation health and, ultimately, drought categories of
the study area. Therefore, a comparison of concern indices
has been carried out by using 100 sampling points in the
study area (Fig. 6, 7, 8).
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LST is related to NDVI. Empirically, the temperature
decreases as NDVI increases over a landscape.?*™% It is
observed that the nature of the relationship between LST
and NDVI is linear and negative (Fig. 6). The same
conditions which are observed in the case of LST and VHI
are negative relationships (Fig. 7). However, high NDVI
means strong vegetation health in the case of NDVI and the
VHI relationship between both of these is positive (Fig. 8).
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Correlation between LST and NDVI
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Conclusion

This study attempts to analyze the intensity of agricultural
drought and its spatial extent using the VHI that includes
NDVI, VCI, LST and TCI in the Manganga watershed of
Maharashtra, India. The VHI is successfully used to
determine the spatiotemporal extent of agricultural drought.

As per the outcomes, mild and moderate type of drought is
observed throughout agriculture fields of the study area
excepting only the adjacent area along the river. The study
also shows that the relationship between NDVI-LST and
LST-VHI is negative whereas NDVI-VHI has a positive
relationship. The outcomes of this study could be helpful
for future decision-making processes on drought
management.
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