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1. Introduction

Evapotranspiration is considered as one of the most important components of
the hydrological cycle. On the Earth’s surface, evapotranspiration plays an
important role in context of water-energy balance and irrigation, as well as
agriculture practices. The watershed hydrology is influenced by the global
climate change as a result of varying evapotranspiration (ET) processes at
different scales (Rao et al., 2011; Srivastava et al., 2013). Evapotranspiration
(ET) is the combined loss of water in the form of evaporation from the soil
surface and transpiration from the plant through the stomata (Kar et al., 2016).
There are several methods available to estimate ET, but the most robust
method is the Hamon’s method, which needs minimal amount of data to
calculate this variable. Hydro-meteorological applications such as assessment
of climate and analysis of human-induced effects on natural and agricultural
ecosystem require various parameters at local as well as regional scales (Rao
et al., 2011; Srivastava et al., 2016).

Evapotranspiration (ET) is one of the most useful hydrological fluxes used
for maintaining water balance of the terrestrial ecosystems. Reliable and
accurate quantification of changes in ET is imperative for effective irrigation
management, crop Yyield forecast, environmental assessment, ecosystem
modelling and solar energy system (Almorox and Hontoria, 2004; Khoob,
2008; Singh and Pawar, 2011; Amatya et al., 2014; Petropoulos et al., 2018).
For assessment of ET some conventional methods have been used such as
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weighing lysimeter, Energy Balance Bowen Ratio (EBBR), eddy covariance
techniques, pan-measurement, sap flow, and scintillometer. They are mainly
based on a variety of complex models and are limited to local, field and
landscape scales (Liou and Kar, 2014). Potential evapotranspiration (PET) is
mainly used to measure the actual evapotranspiration that is difficult to assess
using these conventional methods (Liou and Kar, 2014). Assessment of
accurate PET is useful for many applications including irrigation scheduling,
drought monitoring and understanding climate change impacts (Allen et al.,
2007; Senay et al., 2007; Wagle et al., 2017; Petropoulos et al., 2015).
However assessing or modelling PET is the most difficult task especially
at global scales. Reason is that the traditional approaches can accurately
measure ET over homogeneous areas but cannot be directly extended to
large-scale ET, due to natural heterogeneity of the land surface and
complexity of hydrologic processes and because of the need for a variety of
surface measurements and land surface parameters (Thakur et al., 2011;
Srivastava et al., 2017). In this context, remote sensing proves to be a
cost-effective approach to assess PET at both regional and global scales.
Satellite-derived remote sensing images are a promising source, which pro-
vides data for mapping regional- and meso-scale patterns of PET on the
Earth’s surface and surface temperature helps to establish the direct link
between surface radiances and energy balance components (Bartholic and
Wiegand, 1970; Idso et al., 1975a; Idso et al., 1975b,c; Jackson, 1985;
Caselles et al, 1992; Kustas and Norman, 1996). Information can be obtained
from different regions of EMR viz. visible, near-infrared, and thermal
infrared regions which can be utilized to determine the land surface tem-
perature (LST) and atmospheric temperature. These important surface and
atmospheric parameters then serve as inputs to simulate surface fluxes and
PET based on the energy balance equation (Srivastava et al., 2020). Remote
sensing tool extends a large and continuous spatial coverage within a short
period. It is a cost-effective way of measuring ET compared to the conven-
tional measurements, and it is the only approach for ungauged areas where
manual measurements are extremely difficult to conduct (Rango, 1994;
Schultz and Engman, 2012). Spatially retrieved surface temperature can
provide a surface measurement from a resolution of a few cm? to several km?
from certain satellites (Hatfield, 1983). Remote sensing—based ET estima-
tion and its development have been reviewed from time to time (Moran and
Jackson, 1991; Kustas and Norman, 1996’ Quattrochi and Luvall, 1999).
Bastiaanssen developed SEBAL model for estimation of ET and used
satellite remote sensing techniques for knowledge of spatiotemporal
distribution of ET on large scale, and it can provide important information on
issues related such as evaluating water distributions, water use by different
land surfaces, water allocations, water rights, consumptive water use and
planning, and also better management of ground and surface water resources
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(Singh et al., 2008). As we know for the study of water rights management and
water regulation and also for the quantification of ET irrigated projects have
been playing a main role. Traditionally, ET has been calculated by using
weather-based reference ET by crop coefficients (K.) that depend upon the
crop type and the crop growth stage (Allen et al., 2005). This study provided
the estimation of evapotranspiration using temperature data of INSAT-3D over
an agricultural area of Northern India.

2. Materials and methodology
2.1 Study area

In this study, Varanasi district of Uttar Pradesh was used as a study area,
which lies geographically between 25°14" 54.94” N to 25.17' 06.57” N and
82° 58" 30" E to 83° 00’ 35”E and mean elevation of 80.71 m from the Mean
Sea Level (MSL) (Cai et al., 2009). This study area mainly consists of
agriculture landscape and is also part of Indo-Gangetic plain that supports
good agricultural productivity, and the land is composed of very fertile
alluvial soil deposited by the River Ganga and Varuna. Varanasi lies in the
humid subtropical climatic zone that is characterized by the hot summer
having a temperature between 22 to 46°C and winters with a temperature
drop of up to 5°C. The mean annual rainfall is about 1056 mm (4172 SD)
(Mall and Gupta, 2002). According to the study of Rao et al. (1971) Potential
ET estimated approximately 1525 mm/year. The percentage distribution of
annual rainfall for Varanasi district was recorded season-wise. Firstly, for
monsoon season (June to September) it was about 88%; likewise, for winter
season 7.7% (October to February) and lastly for summer season (March to
May) 4.3%. whereas, about 90% of the total rainfall takes place in monsoon
season from June to September. Lowest temperature recorded in the last
week of December and first week of January is about 9.3°C, and highest
temperature reaches maximum by the end of May or early June. During
winter season normally wheat crops are planted and harvested in April to
May month. The soil of the study area is alluvial in origin. Ustochrepts and
Ustifluvents groups define the six categories of soil for Varanasi district.
Those groups belong to USDA soil taxonomy (Singh et al., 1989). Soil
texture found for this study area is 15%—30% clay and 30%—70% sand. The
profile is 1.2 m deep (Mall and Gupta). In this study, data was collected from
department of Agriculture Farm of Institute of Agricultural Sciences, B.H.U.,
Varanasi. Gravimetric lysimeter (mechanical weighing) instrument was used
for daily ET data collection. India Meteorological Department installed this
instrument which comes in fully fabricated design. Lysimetric data are
available for long periods, especially for crop season. For the estimation of
ET data weather data temperature were collected from the study site.
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2.2 INSAT-3D

INSAT series of multipurpose spacecrafts have been providing meteorolog-
ical services over Indian Ocean since early eighties through Very High
Resolution Radiometer instruments. Kalpana-1 launched in 2002 was the first
dedicated met satellite of ISRO. ISRO plans to deploy a new generation
dedicated met satellite INSAT-3D over Indian Ocean in 2007—2008 time
frame. This chapter presents an overview of the INSAT 3D mission and a
detailed description of its Met Payloads, viz., Imager and Sounder (Rani and
Prasad, 2013).

Indian National Satellite System (INSAT) is a set of geostationary sat-
ellites launched by ISRO in which INSAT-3D is an advanced geostationary
meteorological satellite launched on 26 July 2013 from French Guiana using
ARIANE rocket (Hawkins et al., 2008). The major applications of INSAT-3D
are to improve imaging system for meteorological observations, land surface
monitoring and vertical profile generation for weather forecasting and
disaster predictions. It is one of the famous satellites developed by ISRO to
enhance domestic weather forecasting and also useful for tracking cyclones
and monsoons originating from Bay of Bengal and Arabian Sea. INSAT-3D
is located at 82° east. It carries a multispectral imager (optical radiometer)
for meteorological operations and produces images of Earth in six wave-
length bands (Mishra et al., 2014).

This instrument has meteorological payloads on board the spacecraft:

e Six-channel imaging radiometer intended to estimate radiant and solar
reflected energy from Earth.

e Nineteen-channel sounder for measuring vertical temperature profiles,
humidity as well as for ozone distribution.

e Data relay transponder (DRT) useful to provide data collection and data
dissemination using data collection platforms

e Satellite-aided search and rescue (S&SR) system (Katti et al., 20006).

Present study is based on the LST product of INSAT-3D Imager which
provides data per day with a temporal resolution of 0.5° x 0.5° which can be
downloaded from MOSDAC website (https://mosdac.gov.in/data/).

2.2.1 Instrument detail
2.2.1.1 Imager

INSAT-3D has four meteorological payloads that are mainly designed to
observe solar and radiant energy for sampled areas of the Earth’s surface.
Imager payloads have six imaging radiometer channels, in which one is
visible, and five are infrared channels. These channels are designed to
observe radiant and solar reflected energy (Pandya et al., 2011). INSAT-3D
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Imager can be considered an enhanced version of Very High Resolution
Radiometer (VHRR), Series of INSAT five original instruments flown on
INSAT 2A through INSAT 3A satellites and on Kalpana-1.

INSAT-3D Imager spectral channels are very comparable to those of five
channel of NOAA GOES Imager but diverse for additional channels in the
Short Wave IR (SWIR) band. INSAT-3D generates Earth image in six spectral
channels and for scanning the Earth’s disk it uses scan mirror ascended on two
axes Gimbal. The Visible and SWIR channels hold ground resolution at nadir
1 and 8 km in water vapour band. Sufficient radiometric resolution and
dynamic range are provided for all channels to understand the application
science goals. INSAT-3D is also capable of generating full Earth disk image in
26 min. A flexible scan pattern allows tradeoff between the coverage and the
imaging periodicity. Visible band is useful for the monitoring of mesoscale
phenomena and severe local storms. And the other two new bands, SWIR with
resolution of 1 km and MWIR 4 km, will enable improved land-cloud
discrimination and detection of surface features like snow. INAST-3D has
TIR channel that holds 4 km resolution with two separate windows in
10.2—11.2 and 11.5—12.5 pum regions. INSAT-3D has some modules, one of
which is the EO (electro-optics) module which containing the telescope, scan
assembly and detectors with cooler facility. This module is mounted on the
external part of spacecraft, and in the internal part of the spacecraft all elec-
tronic packages are installed. It has a total mass of ~130kg (Misra and
Kirankumar 2014).

2.2.1.2 Sounder

INSAT-3D sounder is the first geostationary INSAT series instrument being
developed by ISRO. The main objective of this instrument is to measure
temperature and humidity profiles that are also known as vertical distribu-
tions. Vertical profiles of temperature and humidity are mainly enabled by
sounder. These vertical profiles can then be used to obtain various
atmospheric stability indices and other parameters such as atmospheric water
vapour content and total column ozone amount. It can obtain three-
dimensional representation of the atmosphere. Sounder has 19 spectral
channels which are used to measure radiation; it is useful to sense specific
data parameters for atmospheric vertical temperature and moisture profiles,
surface and cloud top temperature and ozone distribution. Eighteen narrow
channels are distributed over three IR bands (seven long-wave (LW), five
mid-wave (MW), six short-wave (SW)), while one is a broad visible channel
(Katti et al., 2006). Sounder uses two axes gimbaled scan mirror for
measuring radiance in 18 IR and one visible channel oven an area of
10*40 km at nadir every 100 ms. INSAT 3D Sounder is very similar to the
NOAA GOES Sounder instruments. Sounder provides acceptable radiometric
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resolution that is useful for application of science. The operation of the
Sounder is limited by ground commands using some parameters like gain,
sounding area location and other such parameters, and sounding area is
defined in terms of east—west and north—south ‘blocks’. Like imager
payload, sounder also has EO (electro-optics) module as well as collection of
electronic packages with power supply modules. These modules hold tele-
scope, scan assembly, filter wheels and coolers and work like imager in-
strument mounted in the internal part of spacecraft. It contains a total mass of
~ 145 kg (Prasad et al., 2009).

2.2.1.3 DRT (Data Relay Transponder)

Data Relay Transponder is a meteorological payload of INSAT-3D satellite; its
main focus is to receive global meteorological, hydrological and oceano-
graphic data from automatic DCPs (Data Collection Platforms). That data
stores in the ground segment and relays back to downlink in extensive C-band.
The satellites which have enabled DCPs can provide easily a great solution for
gathering large amount of meteorological data from all over the country
including inaccessible and remote areas. In the collaboration of IMD (Indian
Meteorological Department) and ISRO more than 1800 DCPs have been
established that will be more helpful for meteorological data collection
(Bhattacharya et al., 2009).

2.2.1.4 SAS&R (Satellite Aided Search & Rescue)

SAS&R (Satellite Aided Search & Rescue) is meteorological payload that
mainly focuses on relaying a distress signal/alert detection from the beacon
transmitters for search and rescue purposes with global receive coverage in
UHF band and it operates at 406 MHz (Rani et al., 2016). The downlink
operates in extended C-band. The data are transmitted to INMCC (Indian
Mission Control Center), located at ISTRAC (ISRO Telemetry, Tracking and
Command Network), Bangalore (Prabhu, 2017).

2.3 Hamon’s method

In this study, Hamon’s method is used as a standard method for calculation of
PET. As we know, it is very difficult to get large number of data like solar
radiation, wind speed, rainfall. So, to overcome this problem Hamon’s
method was used in this study that used only minimal amount of data.
Hamon’s method used only temperature data for estimation of PET. Because
of using minimal amount of data Hamon’s method is a very simple and robust
method for calculating ET (McCabe et al., 2015). PET is calculated
using INSAT-3D satellite data, as well as compared with the observed PET
Eq. (8.1).
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Hamon’s equation can be expressed as follows:

€
PET =K +0.165+ 2167 s + (z———) 8.1
Y T 1 273 3 (8.1)
where PET is in (mm/day); k is the proportionality coefficient; N is the day-
time length; e is the saturation vapour pressure (mb) and 7 is the average
monthly temperature. Saturation vapour pressure (e;) can be calculated using
Eq. (8.2).

eS:6.108€< 17.27T )

—_— 2
T+273.3 (8.2)

3. Performance analysis

In this study PET was assessed from land surface temperature data of INSAT-

3D satellite and compared with the observed dataset. For understanding the

performance analysis between datasets some statistics used correlation coef-

ficient (r), absolute bias and RMSE (root mean square error). Correlation

coefficient measured association between two variables that variables indicate

the strength and suitable direction of their relationship (Matrix and Variable).
The correlation coefficient (r) is calculated using this Eq. (8.3).

ny xy—=0_x)(_ ) (8.3)
YIrse -z -y

To measure model performance in meteorology, air quality and climate
research, studies root mean square error (RMSE) has been used as a standard
statistical metric (Chai and Draxler, 2014).

RMSE (Root Mean Square Error) is calculated using this Eq. (8.4):

_ STy
RMSE = (n;[y x,]) (8.4)

Bias used to understand under- or overestimate of the true value. Absolute
bias is mainly useful to remove faulty measuring devices or procedures and
also absolute bias calculates to understand the positive or negative deviation
from the actual and observed value (Koch et al., 1982; Walther and Moore,
2005).

Bias is calculated using this Eq. (8.5):

Bias = (y — ) (8.5)

=

where x and y are observed and estimated values respectively. X and y are the
mean of observed and estimated measurements, respectively and n is the total
no. of observations.
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4. Results and discussions

4.1 Evaluation of temperature data from INSAT-3D and ground
base

In this study, land surface temperature was extracted from satellite data and
observed datasets. Comparison of temperature derived from INSAT-3D and
observed data is showing gradual variations that can be shown in (Fig. 8.1).
In line graph, it can be clearly seen that both the temperatures are showing
very close relation with each other. Performance statistics are shown in
(Fig. 8.2). Correlation (r = 0.733), Bias (—2.030) and RMSE (4.993) was
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FIGURE 8.1 INSAT-3D daily temperature with observed datasets.
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FIGURE 8.2 Scatter plot representing INSAT-3D daily temperature with observed datasets.
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observed when INSAT-3D data was compared with that of observed
temperature data indicating a close agreement of temperature with in-situ
observation. A higher temperature was recorded in summer months (April
to June), with gradual increase in both the temperature datasets. In terms of
RMSE and bias, INSAT-3D showed a satisfactory performance with observed
temperatures datasets (Fig. 8.2).

4.2 Comparative assessment of evapotranspiration products

PET calculated using land surface temperature of INSAT-3D satellite data over
agricultural area in Northern India was compared with the observed dataset.
The relative plot of INSAT-3D data with observed PET is shown in Fig. 8.3.
The PET increases during the months of summer season and decreases in
winter season. INSAT-3D data showed an underestimation most of the time
(Fig. 8.4). Higher PET was observed from April to July months; this may be
due to the very high temperatures in these months. Correlation (r) = 0.572,
Bias = 0.524 and RMSE = 0.834 are found between PET of INSAT-3D and
observed data. Overall, INSAT-3D data showed highest discrepancies
(Fig. 8.4). PET estimation has been done on an annual basis using Hamon’s
method and values are compared with the annual observed PET. It is clear that
PET estimated using INSAT-3D is in marginal agreement with observed PET
in annual datasets. The INSAT-3D PET values were always found to be higher
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FIGURE 8.3 INSAT-3D daily PET with observed datasets.
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FIGURE 8.4 Scatter plot representing INSAT-3D daily PET with observed datasets.

in comparison to observed PET values. It is clearly seen in Fig. 8.4. Bias and
RMSE values were higher when compared with the observed dataset. so, it
indicates INSAT-3D dataset could be promising, but needs more research
regarding the quality. Further, as Hamon’s method has some limitations, better
models like Penman Monteith may improve the estimation of PET.

5. Conclusions

In hydrological modelling, weather research and prediction of flood and
drought and accurate estimation of potential evapotranspiration could be very
helpful. Evapotranspiration plays a very important role in hydrological
modelling. Land surface temperature data of INSAT-3D satellite is used for
calculation of potential evapotranspiration (PET). This study has brought out
useful information about evapotranspiration in Varanasi district. The PET
values are calculated using the Hamon’s method. Hamon’s method does not
depend upon any other factor; only climatic factors are enough for this
estimation. The PET values estimated from the INSAT-3D showed some
overestimation as compared to observed PET values from station datasets.
Comparison of INSAT-3D evapotranspiration shows a promising match with
the observed dataset in terms of trend. The comparison of PET showed quite a
close correlation. This study can improve forecasting application and
effectiveness of hydro-meteorological modelling. Accurate information of
evapotranspiration can provide incredible support in the study of sustainable
water resource management (Srivastava et al., 2016). However, the study has
lot of potential and could be extended over other regions where relevant data
are available.
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