ISSN 2348-1900 (online)

= PLANT SCIENCE TODAY
* Vol 11(sp4): 01-09

=

RESEARCH ARTICLE

https://doi.org/10.14719/pst.5571

HORIZON
e-Publishing Group {j.pG

Time-series analysis of evapotranspiration using normalized
difference vegetation index over north-eastern and north-
western agro-climatic zones of Tamil Nadu

Sabthapathy M?, Ragunath KP%, Pazhanivelan S?, Selvakumar S?, Sivamurugan AP?, Kumaraperumal R*, Mohammed Ahamed J3, Chandrasekar K* &

Thiruvarassan S°

! Department of Remote Sensing and GIS, Tamil Nadu Agricultural University, Coimbatore 641 003, Tamil Nadu, India

2Centre for Water and Geospatial Studies, Tamil Nadu Agricultural University, Coimbatore 641 003, Tamil Nadu, India

3RRSC-South, National Remote Sensing Centre, Indian Space Research Organization, Bengaluru 560 017, Karnataka, India

“National Remote Sensing Centre, Indian Space Research Organization, Hyderabad 500 037, Telangana, India

°Qilseeds Research Station, Tamil Nadu Agricultural University, Tindivanam 604 002, India

*Email: ragunathkp@tnau.ac.in

ARTICLE HISTORY

Received: 06 October 2024
Accepted: 20 October 2024
Available online

Version 1.0 : 11 December 2024

’i‘} Check for updates

Additional information

Peer review: Publisher thanks Sectional Editor
and the other anonymous reviewers for their
contribution to the peer review of this work.

Reprints & permissions information is
available at https://horizonepublishing.com/
journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group
remains neutral with regard to jurisdictional
claims in published maps and institutional
affiliations.

Indexing: Plant Science Today, published by
Horizon e-Publishing Group, is covered by
Scopus, Web of Science, BIOSIS Previews,
Clarivate Analytics, NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/
index.php/PST/indexing_abstracting

Copyright: © The Author(s). This is an open-
access article distributed under the terms of
the Creative Commons Attribution License,
which permits unrestricted use, distribution
and reproduction in any medium, provided the
original author and source are credited
(https://creativecommons.org/licenses/
by/4.0/)

CITE THIS ARTICLE

Sabthapathy M, Ragunath KP, Pazhanivelan
S, Selvakumar S, Sivamurugan AP,
Kumaraperumal R, Mohammed AJ,
Chandrasekar K, Thiruvarassan S. Time-
series analysis of evapotranspiration using
normalized difference vegetation index over
north-eastern and north-western agro-
climatic zones of Tamil Nadu. Plant Science
Today.2024;11(sp4):01-09.
https:/doi.org/10.14719/pst.5571

Abstract

Estimation of evapotranspiration spatially is mandatory for water budgeting
and water resource monitoring based on crop water demand. The amount
of evapotranspiration can be estimated spatially from reference
evapotranspiration and fractional vegetation cover over the region. The
incorporation of specific characteristics like spatial variability over the land
cover produced highly reliable results. The AquaCrop model gives reference
evapotranspiration based on climatic parameters like temperature, rainfall,
solar radiation, relative humidity and elevation. Normalized Difference
Vegetation Index (NDVI) depicts the health of vegetation spatially ranging
from -1 to +1. The dimidiate pixel model converts NDVI to Fractional
Vegetation Cover (FVC) which was then used as a substitute for crop
coefficient value. The products of these two parameters produce actual
evapotranspiration spatially over the region with high spatial resolution.
The average amount of actual evapotranspiration varies for each Land Use
Land Cover (LULC) type over different agroclimatic zones as the climatic
parameters and water usage patterns vary for each land cover type.

Keywords

actual evapotranspiration; agroclimatic zones; fractional vegetation cover;
normalized difference vegetation index; reference evapotranspiration; spline

Introduction

Evapotranspiration is the consumptive water use over any land cover type. This
evapotranspiration can be estimated spatially using reference evapotranspiration
(ETo) from meteorological parameters and crop coefficient value. The need for
estimation of evapotranspiration in today’s scenario is unavoidable for water
budgeting and to meet crop water demand (1, 2). The process combines
evaporation and transpiration as a single hydrological process irrespective of land
cover (3). The process links soil-water relationship along with energy balance
studies (4). Various methods have been used all over the world for
evapotranspiration estimation viz., field-based instruments like Lysimeter, Bown-
Ratio Energy Balance System, Scintillometer and Eddy Flux Covariance, which
provide location-based evapotranspiration but lack the advantage of spatial
estimation. The spatio-temporal variation of evapotranspiration can be mapped
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only with aid of remote sensing technologies like Surface
Energy Balance Algorithm for Land (SEBAL) model, Mapping
Evapotranspiration at high Resolution with Internalized
Calibration (METRIC) model, Disaggregated Atmosphere Land
Exchange Inverse and vegetative index based estimation (5).
Quantification of such evapotranspiration is inevitable for
water resource management at field and regional scales (6).
This present study estimates the amount of actual
evapotranspiration across two different agroclimatic zones in
Tamil Nadu and its spatial variability over various LULC.

Study area

Tamil Nadu is the southernmost state in Indian Peninsula
covering an area of 50000 sq. miles. The region is periodically
equipped with dynamic climatic conditions with three major
cropping seasons: kharif, rabi and summer. The Eastern coastal
region of Tamil Nadu is characterized by Bay of Bengal, while
the Kerala state lies in the West. The elevation ranges from 13
m (near Eastern Coastal region) to 914 m above sea level (near
Hilly zone of Western Ghats).

Agro-climatic zones

Tamil Nadu has seven agroclimatic zones, namely North-
eastern Zone, North-western Zone, Western Zone, High-
altitude and Hilly Zone, High Rainfall Zone, Southern Zone and
Cauvery Delta Zone. The spatially and temporally varying
climatic conditions favors agriculture in specific zones due to its
agro-climatic features (7). Northeastern zone covers
Kancheepuram, Chengalpet, Tiruvallur, Cuddalore, Villupuram,
Kallakurichi, Vellore, Tirupathur, Ranipet and Tiruvannamalai
districts of Tamil Nadu. The northeastern zone is characterized
by the second highest rainfall zone in low altitude regions
ranging from 10-200 m above mean sea level owing to frequent
cyclone damage. The majorly grown crops are rice, pearl millet,
sorghum, cashew, jackfruit and sugarcane. Ground nut is the
most widely cultivated rainfed crop in this region.

North-western zone is characterized by increased
poultry farming and cattle breeds all over the region combined

with rainfed cultivation. Major crops cultivated are sorghum,
rice and millet. On average, this zone receives 400 mm of rain
during the southwest monsoon. The zone includes districts of
Salem, Dharmapuri and Namakkal in Tamil Nadu with an
altitude ranging from 200 m to 600 m above mean sea level (8,
9). The location of study area, agroclimatic zones of Tamil Nadu
and districts within each agro-climatic zone are depicted in Fig.
1. The overall methodology followed from agro-climatic zone
delineation, estimation of reference evapotranspiration and
actual evapotranspiration is shown in Fig. 2.

Water resources

The agro-climatic zone receives more rainfall during the
Northeast monsoon than southwest monsoon. Western Ghats
block the Southwest monsoon preventing it from entering the
state (10). The state lies in the shade region of Western Ghats
Mountain range covered with extreme vegetation and extreme
aridity. The region experiences two rainfall periods: southwest
monsoon in the months of June-September and northeast
monsoon in the months of October-December. Stanley
reservoir in North-western agro-climatic zone acts as major
water source for surrounding districts including Salem,
Dharmapuri, Krishnagiri and northern part of Erode districts.
Thirumukkudal, a confluence of three rivers, namely Palar,
Cheyyar and Vegavathi river, flows across the region as a major
source for irrigation and other domestic activities. Similarly,
Thenpennai river, the second longest river in the state
originating from Karnataka state, flows across the region
directly into Bay of Bengal.

Materials and Methods
Reference evapotranspiration

Reference evapotranspiration (ET,) is the rate at which the
water content is vaporized through evaporation and
transpiration from the vegetation surface. Amount of ET, is
based on the crop biophysical characteristics like the structure
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Fig. 1. Location of study area depicting North-eastern and North-western agro-climatic zones of Tamil Nadu
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Fig. 2. Methodology to estimate ET, from weather data and NDVI

of vegetation, density spread, growth stage, stomatal
characteristics and climatic conditions (11). The standard
condition where the grass completely covers the soil is
assumed as optimal agronomic conditions. The evaporative
demand of the atmosphere without referring to crop type and
its management practices based on climatic conditions of the
environment is referred to as ET, (12, 13).

ET, for North-eastern and North-western agro-climatic
zones were calculated from AquaCrop Model (14). The control
points for estimating ET, for the entire zone are fixed based on
the availability of weather parameters from NASA's Prediction
of Worldwide Energy Resources (NASA POWER). Nine control
points were chosen for ET, estimation in (North-East) NE zone
and 3 control points for (North-West) NW agro-climatic zone of
Tamil Nadu based on NASA POWER data collection sources. For
interpolation of ET, from nearby agro-climatic zones, 31 points
were chosen. ET, was calculated for the entire study period for
all 43 control points. The ground control points selected for
estimation of reference evapotranspiration are shown in Fig. 3.

Weather data

The AquaCrop model calculates ET, based on Penman-
Monteith equation using several weather parameters like
maximum temperature (°C), minimum temperature (°C), mean
temperature (°C), solar radiation (MJ/sq. m), relative humidity
(%), rainfall (mm) and wind speed (m/s) (15). The model
requires all input parameters precisely defined from the
starting date to the end date for the simulation, the elevation of
the input sites and the latitude of a particular location. The
model incorporates all weather parameters to calculate ET, for
a defined period (16).

The month of November received very high rainfall from
2021 to 2023 for entire NW and NE agro-climatic zones other
than Cuddalore block. Solar radiation was minimal during
November of 2021. In 2022 and 2023, the month of January
received minimal or no rainfall. The temperature curve over the
region shows a wavy format, especially increasing pitch in
March and April months during the study period, indicating a
high air temperature. The relative humidity is at peak during
high rainfall conditions. Despite minimal rainfall, the Relative
Humidity (RH) is high in Cuddalore block. On average, the wind
speed ranged from 2 m/sto4 m/s.
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Fig. 3. Ground control points for estimating ET, using AquaCrop model for
North-eastern and North-western agro-climatic zones of Tamil Nadu

Normalized difference vegetation index (NDVI)

NDVI represents the health of vegetation spatially, based on the
spectral reflectance of canopy. The health dynamic status is
independent of seasons and climatic conditions (17). The
spatial distribution of plants over the region is influenced by
climatic conditions and other high-impacting factors like
elevation and soil parameters. NDVI is the normalized ratio
between the surface reflectance of Red (R) and Near Infra-red
(NIR) bands. In other words, NDVI typically represents the
chlorophyll content of the plant (18). NDVI measures the
greenness and density of vegetation from spatial data (19).
NDVI can be calculated from the bands using the formula:
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NDVI = (NIR-R)/(NIR+R)  (Eqn. 1)

NDVI value ranges from -1 to +1. Values near -1 suggest barren
areas, rock and snow. Values between 0.2 and 0.3 correspond
to shrubs and grasslands. Higher values near 0.6 to 0.8
correspond to temperate and tropical rainforests. Actual Total
Evapotranspiration (ET.) can be predicted from NDVI by
leveraging the Surface Energy Balance Algorithm for Land
(SEBAL) model (20). Water balance methods utilize remotely
sensed vegetation indices to quantify the more temporally
stable biomass amount that would be transpiring in well-
watered conditions. The amount of Total Evapotranspiration in
the grape field can be estimated using the Crop-coefficient (k)
value and NDVI value of the field (21).

Fractional vegetation cover

FVC for a ground is the ratio of vegetation covered area to the
total area. FVC depicts the distribution of vegetation over the
earth’s surface and the interaction between land surface,
atmosphere and hydrological processes (22-24). Various
models in the vicinity use estimation of FVC from spatial
vegetation indices are statistical model and dimidiate pixel
model.

i. Statistical model considers the correlation and sensitivity
indices to vegetation information and reflects its ability to
estimate FVC. Based on correlation analysis, primary linear
models, quadratic, cubic and exponential statistical models
can be developed.

ii. Dimidiate pixel model assumes that any image is composed
of two components viz., vegetation and non-vegetation. This
model considers the biophysical parameter relating
morphological structure and physiological characteristics of
the crop, which can be derived spatially from NDVI (18, 25).
The FVC value of each pixel can be calculated from NDVI
using the formula:

FVC =[(NDVI - NDVlo) / (NDVImax — NDVl)]? (Eqn.2)

Here, NDVl, denotes NDVI value of barren soil and
NDVImaxdenotes maximum NDVI of the region under study (26).

The main use of FVC is that crop coefficient value will be
similar despite the spatial variability over a large scale. FVC was
calculated using the Enhanced Vegetation Index from
Moderate Resolution Imaging Spectroradiometer (MODIS) data
over non-forest regions in Republic of Korea to estimate soil
moisture (27).

Computation of actual evapotranspiration (ET.)

ET. can be calculated from FVC and ET.assuming that ET,
increases proportionally as the fractional vegetation cover
increases (28, 29). It is obvious that the surface area for
evapotranspiration to occur increases as the area of vegetation
increases (30). Accounting these parameters into the calculation
of ET,, FVC approximately denotes the crop coefficient value of
the crop, then ET, is given by:

ET.=FVC*ET, (Eqn. 3)
Results and Discussion

This study describes the methodology for estimating ET. from
NDVI and ET, with higher accuracy. The use of NDVI from

MODIS data and ET, from AquaCrop Model favors
evapotranspiration estimation over various LULC in North-
eastern and North-western agroclimatic zones of Tamil Nadu.

Land Use Land Cover (LULC)

LULC depicts the socio-economic parameters like population
density, transportation, agricultural activities, water resources
and other factors relating to human habitat (31, 32). LULC of the
North-eastern agro-climatic zone was characterized by five
different classes viz., agricultural land, barren land, settlement
region, forest and waterbodies (including wetlands), whereas the
North-western agro-climatic zone varied with one additional
positive zone namely grass/grazing land. Agricultural land in the
North-eastern zone occupied an area of 2.26 million ha and
North-western zone occupied 1.15 million ha. The forest region
in the North-eastern zone occupied an area of 0.35 million ha and
North-western zone occupied 0.38 million ha. Barren land in the
North-eastern zone occupied an area of 0.09 million ha and the
North-western zone occupied 0.05 million ha. Settlements and
buildings in the North-eastern zone occupied an area of 0.24
million ha and the northeastern zone occupied 0.05 million ha.
Waterbodies and wetlands in the North-eastern zone occupied
an area of 0.32 million ha and the North-western zone occupied
0.09 million ha. Grazing land in the North-western zone
accounted for a very less area of 300 ha. Various LULCs over
North-eastern and North-western agro-climatic zones of Tamil
Nadu are shown in Fig. 4.

Clearly, the water use over the settlement region cannot
be mapped and visualized. NDVI and ET, for the specific land
use has been masked out for both agroclimatic zones of Tamil
Nadu. Rainfall was simulated from 1982 to 2006 using the
RegCM model. The rainfall conditions increased over decades
due to land-mass under forced conditions of Era-Interim (33).

Reference evapotranspiration

ET, over North-eastern and North-western agro-climatic zones of
Tamil Nadu were calculated from daily weather parameters
including maximum temperature (°C), minimum temperature (°
C) and mean temperature (°C), rainfall (mm), relative humidity
(%), solar radiation (MJ/sq. m) and wind speed (m/s). The
AquaCrop model incorporates the weather parameters for the
defined time. Forty-three ground control points were selected for
ET, estimation covering the entire study area. The model
describes daily weather parameters for each location from Jan
2021 to Dec 2023. The daily ET, was averaged to scale into
monthly mean ET.. Scaling from daily ET, to monthly mean ET,
increased accuracy.

The monthly mean evapotranspiration for 43 control
points was interpolated for entire agro-climatic zone. Spline
was considered as the best interpolation technique for
evapotranspiration as the spatial variability over a large scale is
smooth for such parameter. The spline fits a curve throughout
the sample data so that values are assigned to the entire study
area. Spline creates a smooth surface that passes through all
points with the least possible change in slope of all points in the
study area with minimal curvature surface. The ET, for two
different agro-climatic zones was interpolated from AquaCrop
model and Spline technique and the same is shown in Fig. 5.

The amount of evapotranspiration and rainfall was
studied over Pollachi watershed in the Coimbatore district of
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Fig. 5. ET, (in mm) interpolated over North-eastern and North-western agro-
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Tamil Nadu using CropWat software from the Food and
Agricultural Organization (FAO). The variation in rainfall and
evapotranspiration over the region was seen during the
months of October and November (34).

Normalized difference vegetation index (NDVI)

NDVI depicts the health of vegetation based on chlorophyll
content. The reflectance pattern of chlorophyll in the visible

electromagnetic spectrum, specifically in 0.45 um and 0.67 pm,
known as chlorophyll absorption bands, clearly indicates the
health condition of vegetation. Ghorbanian et al. (35) assessed
the potential of Sentinel-2 optical satellite data in developing
crop phenology from parameters like NDVI in Sahiwal district of
Pakistan. Healthy vegetation causes a moderate amount of
total transpiration from the canopy, whereas barren land and
rock show a lower amount of total evapotranspiration.

NDVI value ranges from -1 to +1. In general, -1 indicates
very poor condition of vegetation, probably barren land or
rock. +1 indicates a dense forest region (36). The standard
increase in NDVI values from -1 to +1 was seen in both the North
-western and North-eastern agro-climatic zones of Tamil Nadu
from January 2021 to December 2023. The NDVI over North-
eastern and North-western agro-climatic zones is shown in Fig,
6. NDVI value in both agro-climatic zones ranged between 0.92
to -0.75, indicating a wide range of vegetation conditions and
health status of plants.

Fractional vegetation cover - dimidiate pixel model

The method assumes that there is a fixed or a minimal
predictable relationship between ET, and transpiration from
canopy. Water stress of a crop is a resultant character from soil
and atmospheric parameters along with crop water
requirements (37). An increased plant surface area indicates
more stomatal count and more conductance for water vapor
from leaves as transpiration (18). Though the spatial
application of crop coefficients to wide ecosystem provides
biased estimation of consumptive water use by more than
50%, optimization theory states that the predicted crop
coefficient value from vegetative indices or any other sources
like leaf area index or NDVI will be more like the actual crop
coefficient values. Mapping spatial variability using NDVI
achieves highly varying FVC over the region (38).

Plant Science Today, ISSN 2348-1900 (online)
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zones of Tamil Nadu from MODIS

Actual evapotranspiration

ET. was estimated from ET, and FVC from MODIS-NDVI with a
very good spatial resolution of 500 m. Considering the vast area
of the agroclimatic zones, spatial variability over the region can
be clearly seen within 500 m spatial resolution (39). The
product of FVC and ET, is regarded as spatial ET. because FVC
represents crop coefficient (kc) value.

Monthly average ET, over various LULC from January
2021 to December 2023 is shown in Fig. 7 and 8 and in Table 1.
The highest ET., was seen in August 2023, 3.44 mm per day in
North-western agroclimatic zone followed by 3.40 mm per day
in same month in North-eastern agro-climatic zone. In June
2021, North-western and North-eastern agro-climatic zones
showed ET. of 3.28 mm per day and 3.34 mm per day,
respectively. The highest ET, was observed in forest type of
Land Cover in both, North-eastern and North-western agro-
climatic zones of Tamil Nadu. In agriculture land type, August
2023 exhibited the highest ET, of 2.98 mm per day and 2.97 mm
per day in the North-eastern and North-western agro-climatic
zones, respectively. Waterbodies/wetlands showed an ET, of
2.7 mm per day in the month of July in 2023. Ironically, the
North-western zone showed 2.31 mm per day of Eta as a higher
amount followed by 2.03, which is much less when compared
to the north-eastern agro-climatic zone.

In barren lands, North-western zone had the highest ET,
of 2.77 mm per day in the month of April 2023, while the North-
eastern agro-climatic zone showed the highest ET, of 2.76 mm
per day in barren land in August 2023. Grazing land in the North

Fig. 7. Monthly average ET (in mm) over North-western agro-climatic zone of
Tamil Nadu
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Fig. 8. Monthly average ET (in mm) over North-eastern agro-climatic zone of
Tamil Nadu
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Table 1. Monthly average evapotranspiration (in mm) over North-eastern and North-western agro-climatic zones of Tamil Nadu under various LULC

NE 1.632.863.07 2.8 2.763.312.642.662.712.270.841.83 1.9 2.722912.982.973.342.392.732.541.711.861.67 2.25 2.932.793.34 3.2 3.223.13 3.4 3.2 2.911.681.63

2.732.692.722.983.282.292.672.511.431.921.92

2.932.873.353.042.982.823.443.22 2.9 1.881.93

1.862.071.832.192.121.662.181.931.341.741.23

2.072.14 2.2 2.232.132.162.41 2.7 2.441.66 1.7

Forest
NW 1.742.94 2.9 2.572.442.952.42 2.672.852.16 0.7 2.04 1.97
G';:;'(;‘g NW 1.391.872.071.93 1.8 2.191.76 1.7 2.251.920.851.58 147
Barren  NE 1412.182.412372252.47 2.2 2262.371.99 0.8 1.63 1.64
land

NW 1.522.272.33 2.3 2.152.372.032.312.421.970.731.85

2.172.382.382.372.612.082.322.051.511.49 1.4

2.17 2.3 2.33 2.5 2.681.932.232.18 1.3 1.7 1.67

1.87

215

2.322.272.642.532.592.732.76 2.672.51 1.4 1.41

2.312.462.772.522.452.332.712.692.611.721.78

NE 1.27 2.1 2.472.482.352.592.222.252.251.880.64 1.43
Waterbody

NW 122179192 2 18 19 1.691.832.02 1.7 0.6 1.4

2.1 242246241 2.6 2.062.231.881.381.291.23

1.661.991.992.012.12 1.5 1.591.541.011.321.24

2.31 2.3 2.642.532.52 2.7 2.642.512.351.241.23

1.81 2.1 2.312.031.951.932.262.312.271.471.49

NE 1.452.392.742.662.542.812.392.46 2.5 2.070.84 1.7
Agriculture

175

2.382.692.722.672.862.24 2.5 2.18 1.491.56 1.47

2.62 2.6 2.932.812.842.952.982.832.561.451.51

lands
NW 1.542.312.512.452.212.392.052.272.411.990.781.79 1.67 2.26 2.5 2.512.482.651.942.232.121.261.711.67 2.17 2.462.722.972.562.512.432.812.712.611.771.81
Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Year 2021 2022 2023

-western agro-climatic zone showed the optimal amount of ET,
(2.7 mm per day) in September 2023. The minimum amount of
ET. was seen in the month of November 2021, wherein the
amount reached to as low as 0.6 mm per day in waterbodies
and as high as 0.84 mm per day in forest areas in the North-
eastern agro-climatic zone. The highest amount of ET. was
seen in the forest region of North-western agro-climatic zone
(~2.83 mm per day), whereas in the North-eastern zone, the
amount of ET, was 2.81 mm per day. In agriculture land, the
North-eastern agro-climatic zone showed ET, of 2.51 mm per
day whereas the North-western agro-climatic zone showed
2.46 mm per day. Hu etal., analyzed the spatial variability of
the amount of ET over the Aksu River Basin for the period of
2001 to 2020. They concluded that high values of ET were seen
in cropland and low amounts of ET were seen in unused and
low-cover grassland (39). High rainfall and high RH act as
driving forces for ET to occur.

The scope for groundwater recharge considering ET as a
factor in Southern parts of Andaman was studied (40). The
amount of ET was high during the peak dry season indicating
no scope for groundwater recharge. Additionally, the study
showed that the southern parts of Andaman experienced a
minimal amount of ET during the rainy season indicating a
higher scope for groundwater recharge.

Conclusion

Estimation of ET. using ET, and FVC from NDVI produces more
reliable results over a large scale covering two different agro-
climatic zones of Tamil Nadu. This model overcomes the
barrier of using several parameters like radiation flux, surface
energy balance, ground heat flux and so on (41, 42). Field-wise
estimation of ET under standard environmental conditions is
limited by practical methods. The spatial variability over the
amount ofET is mainly due to the LULC parameters of the area
(43). Very common LULC classes like agriculture lands,
settlement regions, barren lands and waterbodies including

wetland agriculture systems were seen prominently in agro-
climate zones. ET, is the amount of ET from reference surfaces
like grasses or Alfalfa worldwide. This ET, was estimated from
basic meteorological parameters like temperature, RH, rainfall
and solar radiation over the region during the specific period
using AquaCrop model. These essential parameters were
derived from the open access NASA POWER portal. Crop
coefficient (k.) values, which are specific to each crop, were like
FVCs derived from vegetation index, NDVI. Unlike biased
estimates using any other model, FVC from NDVI was stable as
it was derived using dimidiate pixel model (38). The product of
FVC and ET, was the actual spatial evapotranspiration rate
(ETa). The spatial ET. varied over the various LULC under
different agro-climatic zones.

Acknowledgements

The authors thank professor and head, staffs and colleagues
of Department of Remote sensing and GIS and Centre for
Water and Geospatial Studies, Tamil Nadu Agricultural
University, Coimbatore.

Authors' contributions

SM aided in concept formulation. RKP contributed to overall
methodology. PS and TS supported by providing necessary
sources of data for entire period. SS, SAP and KR helped in
data collection for entire period. MAJ and CK helped in writing
and final drafting of the manuscript. All authors read and
approved the final manuscript.

Compliance with ethical standards

Conflict of interests: The authors declare that they have
no conflict of interest.

Ethical issues: None

Plant Science Today, ISSN 2348-1900 (online)



SABTHAPATHY ET AL

References

L

10.

11.

12.

13.

14.

Gao H, Liu J, Wang H, Mei C, Wang J. Estimation of irrigated crop
artificial irrigation evapotranspiration in China. Scientific Reports.
2024;14(1). https://doi.org/10.1038/s41598-024-67042-5

Pavithran P, Pazhanivelan S, Sivamurugan AP, Ragunath KP, et al.
Estimation of actual evapotranspiration using surface energy
balance algorithm for land in the lower Bhavani basin. Plant Science
Today. 2024. https://doi.org/10.14719/pst.4576

Wang L, Caylor KK, Villegas JC, Barron-Gafford GA, Breshears DD,
Huxman TE. Partitioning evapotranspiration across gradients of
woody plant cover: Assessment of a stable isotope technique.
Geophysical Research Letters. 2010;37(9). https://
doi.org/10.1029/2010GL043228

Gamal R, El-Shirbeny M, Abou-Hadid A, Swelam A, El-Gindy A-G,
Arafa Y, et al. Identification and quantification of actual
evapotranspiration using integrated satellite data for sustainable
water management in dry areas. Agronomy. 2022;12(9):2143. https://
doi.org/10.3390/agronomy12092143

Cammalleri C, Anderson MC, Gao F, Hain CR, Kustas WP. Mapping
daily evapotranspiration at field scales over rainfed and irrigated
agricultural areas using remote sensing data fusion. Agricultural and
Forest Meteorology. 2014;186:1-11.  https://doi.org/10.1016/
j.agrformet.2013.11.001

Carlson TN, Capehart WJ, Gillies RR. A new look at the simplified
method for remote sensing of daily evapotranspiration. Remote

Sensing of Environment. 1995;54(2):161-7. https://
doi.org/10.1016/0034-4257(95)00139-R
Rajkumar R, Magesh Kumaran M, Mathan Prasath RK,

Senthilshanmugavelayutham SP. Agro-climatic zonation for Tamil
Nadu using GIS and AHP techniques. IOP Conference series:
Materials science and engineering. 2020;1006(1):012015. https://
doi.org/10.1088/1757-899%/1006/1/012015

Arumugam S, K.R A, Kulshreshtha SN, Vellangany |, Govindasamy R.
Yield variability in rainfed crops as influenced by climate variables.
International Journal of Climate Change Strategies and
Management. 2015;7(4):442-59. https://doi.org/10.1108/IJCCSM-08-
2013-0096

Vinothkanna S, Geethalakshmi V, Lakshmanan A, Bhuvaneswari K,
Raja AB, editors. Analysis of current trends of temperature and
rainfall for different Agro Climatic Zones of Tamil Nadu. Conference
paper in National Seminar on Geo informatics in Land and Water
Resources Studies At: Bharathidasan University, Tiruchirappalli;
2013.

Chinnadurai M. Situation Analysis of water resources in Tamil Nadu.
International Journal of Agriculture Sciences, ISSN. 2018:0975-3710.

Chatterjee S, Stoy PC, Debnath M, Nayak AK, Swain CK, Tripathi R, et
al. Actual evapotranspiration and crop coefficients for tropical
lowland rice (Oryza sativa L.) in eastern India. Theoretical and
Applied Climatology. 2021;146:155-71. https://doi.org/10.1007/
s00704-021-03710-0

Kim SJ, Bae SJ, Jang MW. Linear regression machine learning
algorithms for estimating reference evapotranspiration using limited
climate data. Sustainability.  2022;14(18):11674.  https://
doi.org/10.3390/su141811674

Raja P, Sona F, Surendran U, Srinivas CV, Kannan K, Madhu M, et al.
Performance evaluation of different empirical models for reference
evapotranspiration estimation over Udhagamandalm, The Nilgiris,
India. Scientific Reports. 2024;14(1):12429. https://doi.org/10.1038/
$41598-024-60952-4

Busschaert L, de Roos S, Thiery W, Raes D, De Lannoy GJ. Net
irrigation requirement under different climate scenarios using
AquaCrop over Europe. Hydrology and Earth System Sciences.
2022;26(14):3731-52. https://doi.org/10.5194/hess-26-3731-2022

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

Rodrigues GC, Braga RP. Evaluation of NASA POWER reanalysis
products to estimate daily weather variables in a hot summer
mediterranean climate. Agronomy. 2021;11(6):1207. https://
doi.org/10.3390/agronomy11061207

Wu H, Yue Q, Guo P, Xu X, Huang X. Improving the AquaCrop model
to achieve direct simulation of evapotranspiration under nitrogen
stress and joint simulation-optimization of irrigation and fertilizer
schedules. Agricultural Water Management. 2022;266:107599.
https://doi.org/10.1016/j.agwat.2022.107599

Rehana S, Monish N. Characterization of regional drought over water
and energy limited zones of India using potential and actual
evapotranspiration.  Earth and Space Science.  2020;7
(10):62020EA001264. https://doi.org/10.1029/2020EA001264

Yan K, Gao S, Chi H, Qi J, Song W, Tong Y, et al. Evaluation of the
vegetation-index-based dimidiate pixel model for fractional
vegetation cover estimation. IEEE Transactions on Geoscience and
Remote Sensing. 2021;60:1-14. https://doi.org/10.1109/
TGRS.2020.3048493

Eisfelder C, Asam S, Hirner A, Reiners P, Holzwarth S, Bachmann M,
et al. Seasonal vegetation trends for europe over 30 Years from a
novel Normalised Difference Vegetation Index (NDVI) Time-Series-
The TIMELINE NDVI Product. Remote Sensing. 2023;15(14):3616.
https://doi.org/10.3390/rs15143616

Maselli F, Battista P, Chiesi M, Rapi B, Angeli L, Fibbi L, et al. Use of
Sentinel-2 MSI data to monitor crop irrigation in Mediterranean
areas. International Journal of Applied Earth Observation and
Geoinformation. 2020;93:102216. https://doi.org/10.1016/
j.jag.2020.102216

Er-Raki S, Bouras E, Rodriguez J, Watts C, Lizarraga-Celaya C,
Chehbouni A. Parameterization of the AquaCrop model for
simulating table grapes growth and water productivity in an arid
region of Mexico. Agricultural Water Management. 2021;245:106585.
https://doi.org/10.1016/j.agwat.2020.106585.

Zhang X, Yan G, Li Q, Li ZL, Wan H, Guo Z. Evaluating the fraction of
vegetation cover based on NDVI spatial scale correction model.
International Journal of Remote Sensing. 2006;27(24):5359-72.
https://doi.org/10.1080/01431160600658107.

Purevdorj TS, Tateishi R, Ishiyama T, Honda Y. Relationships
between percent vegetation cover and vegetation indices.
International Journal of Remote Sensing. 1998;19(18):3519-35.
https://doi.org/10.1080/014311698213795

McFeeters SK. The use of the Normalized Difference Water Index
(NDWI) in the delineation of open water features. International
Journal of Remote Sensing. 1996;17(7):1425-32. https://
doi.org/10.1080/01431169608948714

Xiao Q, Tao J, Xiao Y, Qian F. Monitoring vegetation cover in
Chongging between 2001 and 2010 using remote sensing data.
Environmental Monitoring and Assessment. 2017;189:493. https://
doi.org/10.1007/s10661-017-6210-1

Salimi Kouchi H, Sahebi M, Abkar A, Valadan Zoej M. Fractional
vegetation cover estimation in urban environments. The
International Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences.  2013;40:357-60. https://
doi.org/10.5194/isprsarchives-XL-1-W3-357-2013

Cho J, Lee Y, Han K-S. The effect of fractional vegetation cover on the
relationship between EVI and soil moisture in non-forest regions.
Remote Sensing Letters. 2014;5:37-45. https://
doi.org/10.1080/2150704X.2013.866288

Wang X-G, Kang Q, Chen X-H, Wang W, Fu Q-H. Wind speed-
independent two-source energy balance model based on a
theoretical trapezoidal relationship between land surface
temperature and fractional vegetation cover for evapotranspiration
estimation. Advances in Meteorology. 2020;2020(1):6364531. https://
doi.org/10.1155/2020/6364531

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1038/s41598-024-67042-5
https://doi.org/10.14719/pst.4576
https://doi.org/10.1029/2010GL043228
https://doi.org/10.1029/2010GL043228
https://doi.org/10.3390/agronomy12092143
https://doi.org/10.3390/agronomy12092143
https://doi.org/10.1016/j.agrformet.2013.11.001
https://doi.org/10.1016/j.agrformet.2013.11.001
https://doi.org/10.1016/0034-4257(95)00139-R
https://doi.org/10.1016/0034-4257(95)00139-R
https://doi.org/10.1088/1757-899X/1006/1/012015
https://doi.org/10.1088/1757-899X/1006/1/012015
https://doi.org/10.1108/IJCCSM-08-2013-0096
https://doi.org/10.1108/IJCCSM-08-2013-0096
https://doi.org/10.1007/s00704-021-03710-0
https://doi.org/10.1007/s00704-021-03710-0
https://doi.org/10.3390/su141811674
https://doi.org/10.3390/su141811674
https://doi.org/10.1038/s41598-024-60952-4
https://doi.org/10.1038/s41598-024-60952-4
https://doi.org/10.5194/hess-26-3731-2022
https://doi.org/10.3390/agronomy11061207
https://doi.org/10.3390/agronomy11061207
https://doi.org/10.1016/j.agwat.2022.107599
https://doi.org/10.1029/2020EA001264
https://doi.org/10.1109/TGRS.2020.3048493
https://doi.org/10.1109/TGRS.2020.3048493
https://doi.org/10.3390/rs15143616
https://doi.org/10.1016/j.jag.2020.102216
https://doi.org/10.1016/j.jag.2020.102216
https://doi.org/10.1016/j.agwat.2020.106585
https://doi.org/10.1080/01431160600658107
https://doi.org/10.1080/014311698213795
https://doi.org/10.1080/01431169608948714
https://doi.org/10.1080/01431169608948714
https://doi.org/10.1007/s10661-017-6210-1
https://doi.org/10.1007/s10661-017-6210-1
https://doi.org/10.5194/isprsarchives-XL-1-W3-357-2013
https://doi.org/10.5194/isprsarchives-XL-1-W3-357-2013
https://doi.org/10.1080/2150704X.2013.866288
https://doi.org/10.1080/2150704X.2013.866288
https://doi.org/10.1155/2020/6364531
https://doi.org/10.1155/2020/6364531

29.

30.

3L

32

33

34,

35.

36.

Anwar SA, Mamadou O, Diallo I, Sylla MB. On the influence of
vegetation cover changes and vegetation-runoff systems on the
simulated summer potential evapotranspiration of tropical Africa
using RegCM4. Earth Systems and Environment. 2021;5(4):883-97.
https://doi.org/10.1007/s41748-021-00252-3

Pervin R, Robeson SM, MacBean N. Fusion of airborne hyperspectral
and LiDAR canopy-height data for estimating fractional cover of tall
woody plants, herbaceous vegetation and other soil cover types in a
semi-arid savanna ecosystem. International Journal of Remote Sensing.
2022;43(10):3890-926. https://doi.org/10.1080/01431161.2022.2105176

Saikrishnan K, Anand KV, Aglian V. Coastal vulnerability assessment
along the coast of Kerala, India, based on physical, geological and
socio-economic parameters. Marine Geodesy. 2024;47(2):119-49.
https://doi.org/10.1080/01490419.2023.2285944

Gong JQ, Liu Z, Yan Q, Xu Q. Object-Oriented island land cover
change detection by iteratively reweighted multivariate statistical
analysis.  Marine  Geodesy.  2017;40(2-3):87-103.  https://
doi.org/10.1080/01490419.2017.1304472

Kumar L, Agrawal N, Pandey VK, Rai AK, et al. Era-interim forced
simulation of the indian summer monsoon. Marine Geodesy. 2019;42
(6):558-74. https://doi.org/10.1080/01490419.2019.1654050

Meiaraj C, Jeyapriya S. Comparative study of evapo-transpiration
and rainfall analysis of Pollachi watershed in Coimbatore, Tamil
Nadu, India. 2019.

Ghorbanian A, Mohammadzadeh A, Jamali S. Linear and non-linear
vegetation trend analysis throughout Iran using two decades of
MODIS NDVI imagery. Remote Sensing. 2022;14(15):3683. https://
doi.org/10.3390/rs14153683

Lunetta RS, Knight JF, Ediriwickrema J, Lyon JG, Worthy LD. Land-
cover change detection using multi-temporal MODIS NDVI data.
Geospatial Information Handbook for Water Resources and
Watershed Management, Volume II: CRC Press; 2022:65-88. https://
doi.org/10.1201/9781003175025-5

37.

38.

39.

40.

41.

42.

43.

Singh D, editor Estimation of surface vapour pressure deficits using
satellite derived land surface temperature data2010.

Cao R, Zhang Y, Yang C, Chen T, editors. Estimation of vegetation
coverage based on dimidiate pixel model using remote sensing data
in Songhua Lake basin, Jilin Province. International Conference on
Remote Sensing Technology and Survey Mapping (RSTSM 2024);
2024: SPIE. https://doi.org/10.1117/12.3029281

Hu X, Zhao J, Sun S, Jia C, Zhang F, Ma Y, et al. Evaluation of the
temporal reconstruction methods for MODIS-based continuous daily
actual  evapotranspiration  estimation.  Agricultural ~ Water
Management. 2023;275:107991. https://doi.org/10.1016/
j.agwat.2022.107991

Shankar S, Dharanirajan K, Manahoran K. Quantification of hydro-
meteorological balance around Port Blair, South Andaman, India,
using soil water balance model. Indian Journal of Geo-Marine
Sciences. 2018;47:456-63.

Gebremedhin MA, Lubczynski MW, Maathuis BH, Teka D. Deriving
potential evapotranspiration from satellite-based reference
evapotranspiration, Upper Tekeze Basin, Northern Ethiopia. Journal
of Hydrology: Regional Studies. 2022;41:101059. https://
doi.org/10.1016/j.€jrh.2022.101059

Satpathi A, Danodia A, Nain AS, Dhyani M, Vishwakarma DK, Dewidar
AZ, et al. Estimation of crop evapotranspiration using statistical and
machine learning techniques with limited meteorological data: a
case study in Udham Singh Nagar, India. Theoretical and Applied
Climatology. 2024;155(6):5279-96. https://doi.org/10.1007/s00704-
024-04953-3

Adeyeri OE, Ishola KA. Variability and trends of actual
evapotranspiration over West Africa: The role of environmental
drivers. Agricultural and Forest Meteorology. 2021;308:108574.
https://doi.org/10.1016/j.agrformet.2021.108574

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1007/s41748-021-00252-3
https://doi.org/10.1080/01431161.2022.2105176
https://doi.org/10.1080/01490419.2023.2285944
https://doi.org/10.1080/01490419.2017.1304472
https://doi.org/10.1080/01490419.2017.1304472
https://doi.org/10.1080/01490419.2019.1654050
https://doi.org/10.3390/rs14153683
https://doi.org/10.3390/rs14153683
https://doi.org/10.1201/9781003175025-5
https://doi.org/10.1201/9781003175025-5
https://doi.org/10.1117/12.3029281
https://doi.org/10.1016/j.agwat.2022.107991
https://doi.org/10.1016/j.agwat.2022.107991
https://doi.org/10.1016/j.ejrh.2022.101059
https://doi.org/10.1016/j.ejrh.2022.101059
https://doi.org/10.1007/s00704-024-04953-3
https://doi.org/10.1007/s00704-024-04953-3
https://doi.org/10.1016/j.agrformet.2021.108574

