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Abstract

This study examines the trends in MODIS/TERRA derived Normalized Difference Vegetation Index (NDVI) and its
correlation with Land Surface Temperature (LST), Soil Moisture (SM), and precipitation over Gautam Buddh Nagar
(India), during the period 2005-2018. The region have a sub-humid and quite moderate climate, scattered into cultivable
land, forest and fast growing urbanization zone, making it suitable for monitoring vegetation trends and its accompanying
factors. The NDVI-derived vegetation growth patterns over the study region of District Gautam Buddh Nagar, illustrate
vigorous seasonal cycles, and interannual variations. The correlation between NDVI, and LST (— 0.45) was observed to be
higher than the correlation of NDVI with SM (r = 0.43), and precipitation (r = 0.341), suggesting NDVI as more sensitive
to LST as compare to SM, and precipitation, while SM shows the worthy positive correlation (r = 0.63) with the pre-
cipitation. On a seasonal basis, NDVI shows high values during winter (0.45 % 0.02) followed by monsoon (0.44 £ 0.04),
post-monsoon (0.41 £ 0.02), and pre-monsoon (0.37 £ 0.04). This study also aims to determine the phase wise status of

NDVI and associated parameters.

Keywords Normalized Difference Vegetation Index - Precipitation - Land Surface Temperature - Soil Moisture -

Remote Sensing - Gautam Buddh Nagar

1 Introduction

The regional monsoon system, atmospheric variability, air
trajectory, and Spatio-temporal distribution of emission
sources exhibit a remarkable importance for seasonal. and
inter-annual inconsistency over the Indo-Gangetic plain
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(IGP) of the Northern region, (India) considered to be most
densely populated as well as polluted regions of the
world (Ramachandran et al. 2008; Abish and Mohanaku-
mar 2011; Henriksson et al. 2011; Kaskaoutis et al. 2011;
Gautam et al. 2011). The meteorological parameters
especially surface air temperature and relative humidity
have ability to alter the deposition process of particulate
matters and the migration of other weighty atmospheric
pollutants (Ambade et al. 2021; Gautam et al. 2021; Gau-
tam and Brema, 2020). Numerous researchers across the
globe, proved the correlation and impact of environmental
pollution to human health and distinct diseases (Gollakota
et al. 2021; Cohen et al. 2005; Bangotra et al. 2021, 2019).
Some recent studies showed the impact of lockdown
(COVID 19 phase) on the transportation and concentration
of particulate matter (PM1.0, PM2.5 and PM10) and other
related hazardous pollutants (Gautam et al. 2020a; Gautam,
2020; Wang et al. 2020; Sharma et al. 2020). Conse-
quently, the decline in air quality index affects the
ecosystems and urbanization that may have serious
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climatic implications. Remote sensing has changed the
manner in which the land assets are seen, utilized, and
oversaw. The equivalent applies toward how NDVI is
ensnared with vegetation heath, and status. There is no
uncertainty that NDVI will keep on being a rule vegetation
list, however the compelling utilization of NDVI relies
upon the nature of multispectral information and the
understanding of NDVI esteems (Huang et al. 2020). The
study conducted by Dagnachew et al. (2019) broke down
the spatial and fleeting NDVI varieties in the yearly,
month-to-month, and four unique seasons in the Gojeb
River Catchment and their reaction to climatic variables
(precipitation) from 1982 to 2015. Temperature and pre-
cipitation are firmly connected with the vegetation amount
and quality in a spot. Regular fluctuation in environment
alongside human cooperations has significant effect (Sha
et al. 2020).

The long-term knowledge of vegetation dynamics and
its associate factors play a substantial role in demonstrating
the climate change pattern and monsoon variability. NDVI
has been recognized as one of the important parameter to
study the seasonal vegetation cover and crop health (Sellers
et al. 1986; Piao et al. 2004; Mabuchi et al. 2005; Kumar
et al. 2013). Solar radiation, LST, SM and precipitation
have a great impact on vegetation growth pattern (Kumar
et al. 2013). NDVI represents the greenness on the land
surface, and confirms the density of vegetation (Choubin
et al. 2017; Hosseini et al. 2018).

- NearIR — Red (1)
"~ NearlR + Red

Here IR represents the infrared (0.841-0.876 um),
while, Red denotes the band of Red color
(0.620-0.670 um). The value of NDVI varies from — 1 to
1 as shown in Eq. 1 (Tucker et al. 1979). The negative
value of NDVI represents water coverage, the values
approaching to zero (— 0.1 to 0.1) are associated to barren
land of rock, sand, and snow, while 0.2-0.4 characterizes
the plant and vegetation cover. The deep understanding of
NDVI and its association with climatic variables is an
imperative and attractive aspiration for predicting outlook
vegetation expansion, and their responses to climatic
change. Satellite derived vegetation index has been also
identified as significant, to explore the response of vege-
tation on climate change (Tucker, 1979; Piao et al. 2011;
Zhang et al. 2013). Eastman et al. (2013) quantified the
long term regional vegetation dynamics with the help of
third-generation Global Inventory Modelling and Mapping
Studies (GIMMS) derived from the Advanced Very High-
Resolution Radiometer (AVHRR) sensors. Various tech-
niques based on artificial neural network, simulation, dis-
crete wavelet transform dependent satellite image contrast
enhancement, and singular value decomposition were used

NDVI
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to estimate the dynamical characteristics of NDVI
(Demirel et al. 2010; Yamaguchi et al. 2010; Bhandaria
et al. 2012). Mallick et al. (2012) used the Landsat-7 ETM
data to study the LST, an excellent indicator of the earth’s
energy balance. Further, Senanayak et al. (2013) validated
the association of NDVI and LST using inverse proportion
to NDVI i.e., Environmental Criticality Index (ECI) and
the same was also confirmed by Fricke et al. (2014). On a
seasonal basis, Singh et al. (2014) used Landsat Thematic
Mapper (TM) satellite images of Delhi and described the
dissemination, and fluctuations in surface temperature.

The long-term analysis of precipitation has great
importance due to its critical consequences on the regional
climate, annual crop, and local economy (Kumar et al.
1992; Basistha et al. 2009; Duhan et al. 2013). The similar
characteristics have been increasingly examined over dif-
ferent regions of India by revealing the dynamical nature
of vegetation and their dependence on rainfall, as well as
on temperature (Gautam et al. 2020b; Kundu and Dutta
2011; Dutta et al. 2015; Sahoo et al. 2015; Kundu et al.
2017). Gao et al. (2014) also studied the significance of SM
on the growth of vegetation by considering its role as prime
interface between surface and atmosphere.

The present attempt is the foremost study to examine the
NDVI trends for fourteen years of satellite data and its
sensitivity to LST, SM and Precipitation on a monthly and
seasonal basis over District Gautam Buddh Nagar. Robust
statistical tools have also been applied to validate the
important consequence of dynamical characteristics of
NDVL

2 Study location and data sets
2.1 Study location

Gautam Buddh Nagar (GBN) district (Fig. 1), a part of
Ganga-Yamuna Doab approximately River Yamuna was
formed in year 1997, by merging different blocks as Noida,
Greater Noida, Jewar and Sikandrabad etc. The district is
enclosed by Ghaziabad and Delhi in Northside, by Aligarh
in South, in the East by Bulandshahar, and West side by
border of Haryana State. The GBN (1265 km?) is basically
a sub-humid, and quite moderate climatic zone. Due to
evolving urbanization and industrialization this zone
severely affected by the high pollution level. The soil
quality of this region varies from pure soil to hard clays.
The utilization pattern of the total area (125,422 ha) of the
district is primarily scattered into net sown area
(65,164 ha), forest (2003 ha), barren cultivable waste
(2047 ha), current unplanted land (16,111 ha), other
unplanted land (6145 ha), land put to non-agriculture use
(33,694 ha) and grasslands (506 ha).
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Fig. 1 Location map of District
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2.2 Data Sets and statistical techniques

Fourteen years monthly NASA supported Giovanni data of
NDVI and associated meteorological parameters were used
to see the vegetation pattern over GBN district (Table 1).
Karl Pearson’s coefficient of correlation “r” (Eq. 2), kur-
tosis (K) skewness (Sk), inter-quartile range (IQR), and
trend analysis were also used to analyze the dynamical
variability of NDVI and its interrelationship with precipi-
tation, LST and SM.

S X=X
VX X=X, — )

where X and Y are variables. The Secular or long term
trend analysis was used to observe the effect of trend
whether it happens to be a growth factor or a decline factor.
In view of this, the percent change in NDVI for the two
periods i.e. 2005-2011 (Z;) and 2012-2018 (Z,) were
determined using Eq. (3).

(2)

Z1— 2>
1

AGR = X100 (3)

3 Result and discussion
3.1 Estimating of vegetation dynamics

The linear trend was estimated for NDVI, LST, SM, and
precipitation for the period of 2005-2018 (Fig. 2a—d). The
NDVI over the GBN region was found to be from 0.18 to
0.66 with average of 0.42 (Fig. 2a). The maximum and
minimum monthly mean NDVI was observed in February
2005 (winter month) and May 2010 (pre-monsoon month),
respectively. The trend of NDVI shows minor distribution
of vegetation growth around its mean value by giving the
standard deviation and variance as 0.13 and 0.02, respec-
tively. A higher annual mean NDVI (0.44) with
LST (32.37 °C) is observed in the 2006, where relatively
lower NDVI (0.40) during 2009, 2010, and 2014 with LST

Table 1 Details of the selected satellite/platforms, data source and data resolution

Data set Data Source Resolution

(NDVI) MOD13C2: MODIS/Terra Vegetation Indices Monthly L3 Global Giovanni, Goddard Earth Sciences 0.05° x 0.05°

(LST): MYD11C:MODIS/Aqua Land Surface Temperature Monthly L3 Global Giovanni, Goddard Earth Sciences 0.05° x 0.05°

(Precipitation): TRMM_3B42RT_Daily.7: Precipitation, L3 https://disc.gsfc.nasa.gov/datasets/ 0.25° x 0.25°
TRMM_3B42_7

(Soil moisture) Area-Averaged Soil moisture content (0—10 cm underground) Giovanni, Goddard Earth Sciences 0.25° x 0.25°

3-hourly. [GLDAS]
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Fig. 2 Linear trend of domain-
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of 32.70, 31.96 and 32.36 °C, respectively (Fig. 2b),
declaring the evidence of declining trends of vegetation
growth. The high NDVI during 2006 indicates a more
sustainable climate for photosynthesis, and low NDVI in
further years of 2009, 2010, and 2014, and it may be due to
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any shattering event and associated human activities like
urbanization, industrialization etc. The inter annual varia-
tion of NDVI (Fig. 2a) and SM (Fig. 2d) is noteworthy due
to their similar pattern, and strong association. The highest
(0.44) and lowest (0.40) annual mean NDVI depicts a good
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association with the highest (21.82 kg m™2) and lowest
(14.55 kg m~?) mean value of SM, and precipitation (high-
79.57 mm per month, low-36.38 mm per month).

The variability of NDVI is interrelated with the pro-
duction of crops and natural vegetation growth due to the
dynamical characteristic of SM, and precipitation (Fig. 2c).
Precipitation and SM are closely related to the growth of
vegetation by the contribution of rainfall and LST. Karl
Pearson’s coefficient of correlation was estimated to
understand the pattern of vegetation growth, and its asso-
ciations to LST, SM, and Precipitation (Table 2). The
NDVI shows the negative correlation (r = 0.45) with LST,
whereas positive correlation with SM (r = 0.44) and pre-
cipitation (r = 0.34). The SM explains a positive correla-
tion (r = 0.63) with the precipitation. The moderate-to-
strong correlation between NDVI and associated meteo-
rological parameters clearly reflects the dependence of
climatic influence on vegetation growth.

3.2 Periodic Investigation of NDVI

The paired sample t-test method has been used to measure
the performance of NDVI, LST, SM and Precipitation in
two different phases by considering the period 2005-2011
as phase-1, and 2012-2018 as phase-II. In each phase, the
seven years of monthly mean data was estimated (Table 3).
The analysis shows the attained t-value of 0.82 with six
degrees of freedom (DOF), and the statistical significance
(2-tailed p-value) of paired t-test (Pr (171 >lfl). The p-value
of 0.44 indicates statistically significant difference (rejec-
tion of null hypothesis) which supports the finding of the
percentage decrease of NDVI by 2.38% from phase-I.

In case of LST, phase-I and phase—II was observed a
mean difference of — 0.064 and a standard deviation of
0.703, standard error of 0.26 at 95% confidence intervals
(lower: 0.714 to upper: 0.585). The r (— 0.243) and
p (0.816) values confirm the statistically significant dif-
ference between the two phases of LST (increase of
0.06 °C by 0.2%). Further, the SM (¢ value = 1.58 and p-
value = 0.16), and precipitation (¢ value = 1.85 and p-

Table 2 Karl Pearson’s coefficient of correlation of NDVI with LST,
Precipitation, and SM based on the annual mean

Pearson correlation

Parameters NDVI LST Precipitation ~ Soil moisture
NDVI 1 - 045 034 0.44

LST —045 1 0.14 —0.14
Precipitation  0.34 0.14 1 0.63

SM 0.44 — 014 0.63 1

value = 0.114) also explain the statistical significance of
accompanied test via demonstrating a decrease of 11.99
and 14.39% from phase-1, respectively. The complete
paired #-test analysis validates the decrease in growth of
vegetation. The decline in SM, and precipitation by 11.99
and 14.39% from phase-1, respectively validate the sensi-
tivity of NDVI to SM, and precipitation over the District
Gautam Buddh Nagar, UP, India.

3.3 Seasonal characteristics of NDVI and its
association with LST, SM and precipitation

Different statistical tools were applied on data sets related
to NDVI and its associated parameters (LST, SM, and
Precipitation) to authenticate the accuracy of the findings.

3.3.1 Statistical analysis

The asymmetry distribution and tailless of seasonal NDVI,
LST, SM and precipitation during 2005-2018 have been
discussed to check the variation of normality and data
spread (Table 4). All parameters exhibit fairly and mod-
erately skewed values for winter, pre-monsoon, monsoon,
and post-monsoon. The positive (1.29) and negative
(— 1.01) skewness was observed during winter and mon-
soon season, respectively, for precipitation suggest the
highly skewed values, while the negative (— 0.07) skew-
ness in pre-monsoon and positive (0.58) in the post-
monsoon demonstrate the symmetrical distribution. The
Kurtosis related to NDVI, LST, and SM show the shorter
distribution with thinner tails as compared to normal dis-
tribution, which illustrates lack of outliers and platykurtic
behavior. In case of precipitation, the high kurtosis
(K =2.19 and 3.19) exhibit heavy-tailed or abundance of
outliers that demonstrate the leptokurtic behavior of dis-
tribution during winter and monsoon seasons, respec-
tively. The Q-Q plots demonstrate approximately common
distribution between the expected normal values, and the
observed values of NDVI, LST, and SM. However, the
precipitation shows the leptokurtic behavior with the
heavy-tailed or profusion of outliers (Fig. 3).

The technique of grouping various observations has
been applied to four dominant seasons and the results are
summarized in box and whisker plot (Fig. 4). The results
depict the seasonal spread of observed data i.e. winter, pre-
monsoon, monsoon, and post-monsoon. The low
interquartile range (IQR) of NDVI (0.03) during winter,
and post-monsoon suggest high level of agreement (range:
0.07), whereas IQR (0.05 and 0.04), and range (0.13 and
0.14) respectively, to pre-monsoon and monsoon attribute
some inconsistency and highlights the significant influence
of the LST, SM, and precipitation (Table 5).
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Table 3 Paired Samples

Statistics (a) and Paired Sample | ired Samples Statistics (a)

Test results (b) of NDVI, LST, Mean N Std. Deviation Std. Error Mean
SM, and Precipitation for two
phases (phase-1: 2005-2011 and Pair 1 NDVI1 0.421 7 0.016 0.006
phase-2: 2011-2018) NDVI2 0414 7 0.010 0.004
Pair 2 LST1 31.864 7 0.567 0.214
LST2 31.929 7 0.407 0.153
Pair 3 SM1 19.385 7 1.988 0.751
SM2 17.061 7 2.375 0.897
Pair 4 PRECEPITATION 1 67.019 7 11.813 4.465
PRECIPITATION 2 57.373 7 11.882 4.490
Paired Samples Test (b)
Paired Differences t df  Sig.
2-
Mean Std. Std. 95% Confidence iailed)
Deviation Error Interval of the
Mean Difference
Lower Upper
Pair NDVII-NDVI2 0.006 0.022 0.008 —0.013 0.027 0.823 6 0.442
1
Pair LSTI1-LST2 — 0.064 0.703 0.265 — 0714 0585 —0243 6 0.816
2
Pair SMI1-SM2 2.324 3.890 1.470 — 1273 5922 1.581 6 0.165
3
Pair PRECIPITATION1 9.645 13.785 5.210 — 3.103 22.394 1.851 6 0.114
4 _
PRECIPITATION
2
Table 4 Seasonal variation of NDVI, LST, SM, and Precipitation during 2005-2018
Parameter Min Max Mean SD Median Range Variance IQR S, K
NDVI Winter 042 049 045 0.02 045 0.07 0.0005 0.03 025 —0.88
Pre-monsoon 032 045 037 004 037 0.13 0.0013  0.05 059 —-0.12
Monsoon 037 050 044 0.04 044 0.14 0.0014 0.04 — 047 0.25
Post-monsoon  0.37 044 041 0.02 041 0.07 0.0005 0.03 —0.38 —0.53
Land Surface Temperature (LST) Winter 22.03 24.80 2322 0.81 23.09 2.78 0.66 1.16 042 — 0.66
Pre-monsoon  36.15 39.36 3747 087 37.27 3.21 0.75 0.90 0.81 0.46
Monsoon 31.98 38.35 35.01 2.00 35.01 6.38 4.01 2.78 020 —0.71
Post-monsoon 30.43 3377 31.88 0.87 31.78 3.34 0.76 1.12 0.51 0.41
Precipitation Winter 0.69 3943 1140 10.83 11.51 38.74 117.2 13.97 1.29 2.19
Pre-monsoon 0.50 40.05 18.08 15.51 12.49 39.55 102.5 1468 —0.07 —0.82
Monsoon 495 40.79 16.02 999 1347 35.84 1609.5 3574 —1.01 3.19
Post-monsoon  6.62 2993 19.71 7.44 1795 23.31 847.0 32.36 0.58 0.47
Soil Moisture Winter 10.09 20.67 15.87 3.11 16.51 10.59 9.67 464 —025 —0.83
Pre-monsoon 947 1595 1279 2.07 12.62 6.48 4.27 3.46 0.02 —1.13
Monsoon 17.88 28.67 2247 318 2149 10.79 10.13 3.72 0.59 —0.40
Post-monsoon 16.06 28.73 21.77 426 22.51 12.68 18.18 7.23 0.01 —1.33
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The NDVI shows higher values during winter
(0.45 £+ 0.02), associated to elevated seasonal LST
(23.22 £ 0.81) followed by monsoon (0.44 £ 0.04), post-
monsoon (0.41 £ 0.02), and pre-monsoon (0.37 £ 0.04).
The high value of NDVI during winter may be associated
to the expansion in irrigation with surface water. However,
in all seasons the standard deviation of NDVI was observed
to be little bit large considering their differences in average
NDVI that emphasis the need of long-term observations in
order to understand the fluctuations caused by specific
meteorological parameters. Box and whisker plots show
the mean, median, and range of values related to LST, and
precipitation (Fig. 4). Most of the outliers in LST were
observed during pre-monsoon, whereas precipitation
demonstrates large distributions of outliers during winter,
monsoon, and post-monsoon.

Over district Gautam Buddh Nagar, the summer season
mostly starts from April month and continues until the end
of October, while the rainy season commences from June
and withdrawal in the first week of October. The existing

nine driest months i.e. September to April shows the lower
values of precipitation as compared to rest of the wet
season (Fig. 3). Maximum precipitation was observed
during July and August (Fig. 5) and it may be strongly
influenced by south-west monsoon winds coming from
Indian Ocean by carrying moisture driven air masses. As
annual vegetation growth is very sensitive to rainfall pat-
terns, while the maximum outliers in October show the
random consequences of uncertain rain and untimely con-
ditions for condensation nuclei that further responsible for
skewed distribution.

3.4 Association among NDVI, LST, SM,
and precipitation

This section of the manuscript discusses the season-wise

correlation coefficients among NDVI, LST, SM, and pre-
cipitation (Table 5).

@ Springer
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Table 5 Karl Pearson’s

. . Parameter NDVI LST Precipitation Soil moisture
coefficient of correlation of
NDVI with LST, Precipitation NDVI Winter 1 — 015 0.40 033
and SM based on different ' ’ ’
Seasons Pre-monsoon 1 — 0.61 0.59 0.57
Monsoon 1 — 0.65 —0.28 0.47
Post-monsoon 1 —0.87 0.41 0.45
LST Winter —0.16 1 —0.59 — 0.60
Pre-monsoon — 0.61 1 —0.71 - 0.75
Monsoon — 0.65 1 — 0.46 — 0.63
Post-monsoon — 0.87 1 — 0.64 — 0.67
Precipitation Winter 0.40 —0.59 1 0.35
Pre-monsoon 0.47 —0.71 1 0.65
Monsoon —0.28 — 046 1 0.1
Post-monsoon 0.41 — 0.64 1 0.33
Soil Moisture Winter —0.33 —0.59 0.35 1
Pre-monsoon 0.57 - 0.75 0.65 1
Monsoon 0.47 — 0.63 0.1 1
Post-monsoon 0.45 — 0.67 0.33 1

3.4.1 NDVI- LST

A significant negative correlation between NDVI, and LST
for pre-monsoon (— 0.61), Monsoon (— 0.65), and post-
monsoon (— 0.87) seasons, respectively, was observed.
Such high strong negative correlation in post-monsoon
season may be persist due to high SM over the region
(Fig. 4), which is in close agreement with the earlier
reported observations (Hope et al. 1988). Although a weak

@ Springer

NDVI-LST correlation was observed during winter due to
influencing effect of distinctive constraints and climatic
conditions. For high altitude regions, a positive correlation
between NDVI and LST was earlier reported, mainly due
to increase of microbial activities, biochemical processes,
and nitrogen availability (Dormann and Woodin 2002; Van
Wijk et al. 2003). The microbial activities and biochemical
processes play an important role in soil fertility that helps
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the growth of plant. In case of low altitude regions, the
increase of LST causes the decline in plants growth.
Additionally, GBN region has an elevation of 205 m as
compared to 605 m of Shiwalik range of Himalayas, and a
negative NDVI- LST correlation declares the effect of
predominant solar radiations as compared to other bio-
physical variables.

3.4.2 NDVI—precipitation

A significant positive as well as moderate correlation
between NDVI and precipitation during winter (0.40), pre-
monsoon (0.59) and post-monsoon (0.41), However, a
negative correlation (-0.28) was observed during Monsoon
season (Table 4). In earlier studies, it was observed the
decline in photosynthesis during extreme wet seasons due
to less availability of solar radiation (Schultz and Halpert
1993). NDVI-precipitation correlation further rely on land
cover (grassland, cropland, forests, and urban area), cli-
matic conditions (temperature, rainfall, humidity, and soil
moisture), and elevation of particular region, and many
researcher reported negative as well as positive correlation
based on region choice, and weather conditions (Wang
et al. 2013).

3.4.3 NDVI- SM

SM plays a vital role in a life span of plants that affect
evaporation rate (water from the soil) and

evapotranspiration (water from leaves) of crops and plants
(Xiong et al. 2003; Huang et al. 2017).

In present study, a negative correlation (— 0.33) was
noticedbetweenNDVI,andprecipitationforwinterseasonand
positive for pre-monsoon (0.57), monsoon (0.47), and winter
seasons (0.45). In spite of that, the higher values of NDVI were
observed for winter, and monsoon seasons (Table 4) due to
typical climatic conditions over Indian Subcontinent region
(methodology section) as compared to other continents. It was
foundthe maximumNDVIduring AugustandFebruary, which
isinclose agreement with the findingsrelated to wet and rainy,
seasons (Zhang and Schilling 2006).

During monsoon season, the higher values of SM, and
moderate values of LST, while in winter season, lower
LST, and moderate SM were observed. These both con-
ditions are in favor of photosynthesis, consequently due to
the presence of energy source; maximum sugar can be
produced from available water and carbon dioxide that
supplementary increases the plant’s metabolism to achieve
healthy NDVI. Conversely, the lowest average NDVI in
May month of pre-monsoon season has been recorded due
to higher LST and lower SM. These circumstances elevate
the evaporation and evapotranspiration rate from Soil and
plants leaves, respectively during pre-monsoon that leads
to decline the growth of plants, and trees. Fig-
ure 4 and Table 5 reveals a negative correlation between
SM and LST for all seasons, and together these both
parameters decide the fate of plants growth that further
affects the NDVI over different regions, and seasons across
the globe (Zhang et al. 2018).
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4 Conclusions

The findings in the manuscript depict the normal. under-
dispersed, and lower tailed distribution of NDVI, LST, and
SM except precipitation. The average NDVI (2005-2018)
in the study region was assessed as 0.45, which indicates
healthy vegetation. Nevertheless, the maximum NDVI was
observed during the transition phases of winter to pre-
monsoon (February), and Monsoon to post-monsoon (Au-
gust). LST and SM were found to be positively correlated
with NDVI due to less solar energy, and moderate soil
moisture accessibility. Such circumstances support the
photosynthesis process that results an excellent growth of
vegetation. The negative and positive correlation were
observed between NDVI, and precipitation for different
seasons due to the higher uncertainty of precipitation. It has
been observed that the soil moisture (SM) is most notice-
able feature and responsible for the evolution of vegetation.
As the altitude, variation also plays a critical role, which
need the supplementary investigated. The finding of paired
t-test validates the decrease in vegetation by claiming the
dynamical characteristic of NDVI. The deteriorating values
of SM, and precipitation by 11.99 and 14.39% from the
phase-1, respectively validate the sensitivity of NDVI to
SM and precipitation over the District Gautam Buddh
Nagar, UP, India.
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