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Abstract

Estimation of reference evapotranspiration (ET,) and actual evapotranspiration (ET.) is a key factor for estimation of crop water
requirement, water balance and irrigation scheduling. The FAO-56 Penman—Monteith equation has been accepted universally for
estimating of reference evapotranspiration (ET,). Considering the high spatial variation of meteorological phenomenon and limited
availability of such dense network for data collection, application of remote sensing and GIS has gained momentum for estimation of
ET, and ET, over the larger area with accurately and efficiently. For estimation of ET, and ET,, the most widely applied MOD16
remote sensing images as well as Landsat 8 remote sensing images are applied in this study of Panam canal command area which is
located in the semi-arid middle Gujarat region. Initially, FAO-56 PM method is used to estimate ET, and MOD16 data is used to
estimate ET,, whereas Landsat 8 is used to estimate land surface temperature and then by using the regression equation to estimate
maximum and minimum temperature to find out ET, for the study area. Based on result obtained, it was found that Landsat 8 remote
sensing-based data have better capacity to estimate actual evapotranspiration compared to the MOD16 remote sensing data. The
better performance of Landsat 8 data compared to MOD16 data is due to the reason that it has better spatial resolution(30m)
compared to MOD16 (1 km) remote sensing image and can represent the actual field conditions of farm fields which are generally
smaller.
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Introduction

Evapotranspiration is very important for hydrologic
cycle because it represents a considerable amount of
moisture lost from a plant canopy (Kumar, et al., 2012).
It helps to know about climate change, land use, water
budget and irrigation (Sharma Tare, 2018).
Evapotranspiration is the integrated process of
evaporation and transpiration and is affected by
meteorological variables, crop characteristics, and
management practices, as well as environmental
characteristics (Pandey, et al., 2016). Study of
evapotranspiration is very much important for irrigation
scheduling of crops, water resources planning etc. The
reference  evapotranspiration multiply with crop
coefficient value give the actual crop evapotranspiration
rate and this can be used for irrigation scheduling
(Arunadevi et al., 2017). There are many methods
available to calculate reference evapotranspiration. The
FAO-56 Penman-Monteith method is the standard
method for  computation of the reference
evapotranspiration and it requires weather parameters
like radiation, air temperature, air humidity and wind
speed data (Hargreaves, 1994; Burak et al., 2004).

Estimation of evapotranspiration by remote sensing
became popular in recent years since it is less expensive

than using ground measurement (Sharma, et al., 2018).
Therefore, remote sensing based MOD16 and
LANDSAT-8 data have been used for this study.
Moderate  Resolution  Imaging  Spectroradiometer
(MODIS) ET (MOD16) and global land ET have been
produced at the global scale based on the Penman—
Monteith equation. These ET products provide important
information on global terrestrial water and energy cycles
and environmental changes (Xiong, et al., 2015).
LANDSAT- 8 is the latest satellite from LANDSAT
series, it has given lot of possibilities to study the land
processes using remote sensing. In this study Land
surface temperature (LST) was used to calculate the
actual evapotranspiration. LST was derived from
Operational Line Imager Thermal Infrared Sensor (OLI
& TIRS) satellite data of Landsat-8 because LST is
sensitive to local moisture variations (Semmens et al.,
2016). For estimation of ETO Hargreaves method was
applied that requires minimum and maximum
temperature that was derived using a linear regression
equation fitted between Land surface temperature and
recorded maximum and minimum temperature in Panam
weather station, Gujarat, India. Using this relationship to
estimate the ETO and crop coefficient the actual
evapotranspiration was estimated. In the present study,
an attempt was made to estimate reference
evapotranspiration, actual evapotranspiration using field-
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based FAO-56 PM method and remote sensing based
MOD16 and LANDSAT 8 methods and their
performance comparison.

Materials and Methods
Data Collection

The data of pan evaporation, air temperature (maximum
and minimum), relative humidity (maximum and
minimum), wind speed, rainfall and sunshine hours were
collected from Panam Dam Circle Office Godhra,
Gujarat, India for a period of two years (January-2018 to
Sepetember-2019) and were applied in this study,

whereas the remote sensing data of MOD16 and
LANDSAT-8 were downloaded from USGS (United
States Geological Survey) official website.

Study Area

The study area of the Panam Canal Command (Shown in
Figure 1) which comes under the periphery of
Panchmahal district, lies between latitude 22°27° to
22°48’ N and longitude 7324’ to 73°32° E. It has a total
length of canal about 99.73 km and a cultural command
area of about 36405 ha.
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Figure 1. Location Map of Study Area.

Table.1: Stage wise crop duration and crop coefficient for the selected crops in Panam canal command

Sr. No. Crop Stages Duration (Days) Crop Coefficient
Initial 1To20 0.3
1 Maize Mid 21 To 90 1.08
End 91 To 120 0.23
Initial 1To 50 0.4
2 Sugar Cane Mid 51 To 210 1.25
End 211 To 365 0.75
Initial 1To 30 1.05
3 Paddy Mid 31 To 100 1.2
End 101 To 150 0.9
Initial 1To30 0.35
4 Caster Mid 31 To 100 1.15
End 101 To 150 0.55
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Methodology
Estimation of reference evapotranspiration

The FAO-56 Penman-Monteith equation being used for
estimating the reference evapotranspiration is given as
(Allen, et al., 1998).

900
0.408A(Ry—G)+Y 573 U2 (es—€a)

1)

To= A+y(1+0.34uy)
Where, ET, = Reference evapotranspiration in mm/day,
A = Slope vapour pressure curve in kPa/°C, R, = Net
radiation at crop surface in MJ/m?day, G = Soil heat flux
density in MJ/m? day, y = Psychometric constant in
kPa/°C, T, = Mean air temperature in°C, u, = Wind speed
at 3 m height in m/sec, e = Saturation vapour pressure
in kPa, e, = Actual vapour pressure in kPa. The ET,
was estimated for the period of 1% January-2018 to 30"
Sepetember-2019 using the equation 1.

Estimation of Actual evapotranspiration using Crop
Coefficient and reference Evapotranspiration

In this study a total of 13 Farmers with 26 defined point
distributed at different locations in the Panam canal
command were selected as presented in Figure 2 to
estimate the crop coefficient and then to estimate actual
evapotranspiration. Initially, based on the crop length the
crop coefficients are identified for the selected farmer’s
field and then actual crop evapotranspiration was
estimated using ETO.

As the crop coefficient (Kc) value is influenced by
weather parameters and crop growth stages, its value
differs not only from stage to stage but also varied with
crops. In generally, for middle Gujarat area the crop
duration and crop coefficient of different crops for their
different stages are given by (Mehta et al. 2016; 2021)
and for the selected crops in this study area are presented
below in Table 1

Location of the Farmer's Field
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Figure 2: Location of the Selected Farmer’s Field.

According to the crop coefficient and reference
evapotranspiration,  actual  evapotranspiration  for
duration from October 2018 to February 2019 at defined
location point in Panam canal command area was
estimated using the following equation.

ET. =K% ETy 2)

Where, ET. is crop evapotranspiration, K. is crop
coefficient and ET) is reference evapotranspiration.

Estimation of actual evapotranspiration based on
MODIS data

Based on the MODIS sinusoidal grid select grid of our
area of interest, here Gujarat region is falls under the
horizontal 24 and vertical tile number 6, based on that
select grid h24v6 for study area. These types all required
MOD16A2.006 images were downloaded from official
website of USGS. In these images MOD16 ET algorithm
was used and it is based on the Penman-Monteith
equation. The MODIS global ET algorithm is a part of
NASA’s Earth observing system for estimating ET from
Earth’s land surface using MODIS remote sensing
data(Running, et al., 2019).

_ A(Rn—(;)+pacp%

A+y(1+:—;)

@)

Where, ET = Daily evapotranspiration (mm d™), A=
Gradient of saturated vapour pressure to air temperature
(Pa K™%), R, = Net radiation (J d*), G = Soil heat flux (J
d?), p, = Air density (kg m®), C, = Specific heat of air
at constant pressure (J kg* K™), e and e, = Saturated
vapour pressure and actual vapour pressure respectively
(P.), ¥ = Psychometric constant (0.066 kPaK™), r, and r,
(s m™) = surface and aero dynamic resistance.

Estimation of actual evapotranspiration based on
LANDSAT-8 data

The remote sensing data of LANDSAT-8 were
downloaded from USGS (United States Geological
Survey) official website. It includes the nine shortwave
bands and two longwave thermal bands. For the
estimation of actual evapotranspiration, using the
Thermal infrared (Band 10), near infrared (Band 5) and
red (Band 4) of LANDSAT-8 land surface temperature
(LST) was calculate using the following equation for the
study area.

BT
T, = W (4)

Where, T, is land surface temperature (°C), BT is
brightness temperature, ¢,is land Surface Emissivity, 4
limiting wave length (10.895), and p is 1.438 x 107,

Land surface temperature (LST) for the Panam weather
station is modelled to simulate maximum and minimum
temperature by using linear regression equation. A linear
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regression equation is fitted between Land surface
temperature and maximum and minimum temperature in
Panam weather station. Using this relationship between
the LST and maximum and minimum temperature
Figure 3 of Panam weather station the reference

evapotranspiration (ETy) is estimated for the period of
October-2018 to February-2019. After that the product
of crop coefficient and reference evapotranspiration
gives the actual evapotranspiration.

y=1.3082x - 1.8449
a5 R2=0.6074
40 ®e.
— ol
< 25 el
Ezo o
= 15
10
5
0
0 10 20 30 40
LST

y=1.0702x - 8.0035
R2=10.4336
35
30 ° a»
~25
E .
= !
5
0
0 10 20 30 40
LST

Figure 3: Relationship between the LST and maximum minimum temperature of Panam Weather Station

Results and Discussion
Estimation of Reference Evapotranspiration Using the
FAO-56 Penman-Monteith Equation

The daily reference evapotranspiration (ET) for the year
2018 and year 2019 calculated using the FAO-56 PM
methods is presented in Figure 4. It can be observed
from the Figure 4 that the ET, for the year 2018 is
varying from a minimum of 0.571 to a maximum value
of 7.876 mm/day in the month of August (29 August)
and June (15 June), respectively. Similarly, in year 2019
daily reference evapotranspiration (ET,) was varying
from a minimum of 0.547 to a maximum value of 6.807
mm/day in the months of September (23 Sep) and June
(11 June), respectively.

Daily Reference Evapotranspiration (ET,)

ET, (mm/day)

® @ ® ® © © © ©
3 4 1 & ¢ o

07
0,
2
%
%
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s 3 ) $ s
¥ < N N N < ¥ ¥

Date

Figure 4: Daily reference transpiration (ET,) for the year
2018 and 2019.

Estimation of Actual Evapotranspiration Using the
satellite based MOD16 data

As the result for the estimation of ET using the MOD16
image considering the capability to produce the results for
each 1 km x 1 km grid. The MOD16 were applied to access
the temporal and spatial variation of the monthly ET over
the Panam canal command area. Average daily temporal
and spatial variation over the Panam canal command was
estimated using the MOD16 data for the October-2018 to
February-2019. MOD16 gives 8-day evapotranspiration
data. This image processing is done using the ArcGIS 10.0

The daily evapotranspiration was estimated using FAO-
56 method PM method for daily basis and then it was
also averaged to present the average monthly ET,. The
mean monthly ET, estimated from FAO-56 PM method
is plotted for the year 2018 and 2019 in the Figure 5. It
can be observed from the Figure 5 that in the year 2018,
monthly mean ET, is varying from a minimum of 1.17
mm/day to a maximum value of 4.46 mm, in the months
of September and May, respectively. It can also be
observed from the Figure 5 that in the year 2019,
monthly mean ET, is varying from a minimum of 0.80
mm/day to a maximum value of 5.13 mm/day in the
months of September and May, respectively.
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Figure 5: Mean monthly reference evapotranspiration of
year 2018 and 20109.

and ERDAS IMAGINE 11.0 software. After that multiply
with 0.1 over defined location point value and get the actual
ET value in mm/day or mm/8-day. The average daily ET
for the duration from October-2018 to February-2019 is
presented in Figure 6. Now, for the selected farmer’s fields
the actual ET, estimated from the MOD16 data are
extracted for the selected duration considering the
availability of remote sensing data for both the satellites of
MOD16 and Landsat 8. ETc extracted from the MOD16
data for the selected farmer’s fields is presented in Figure 7.
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Figure 6: Average daily ET for the duration from October-2018 to February-2019
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Figure 7: MOD16 Actual ET of defined location point

Estimation of Actual Evapotranspiration Using the
satellite-based LANDSAT-8 data

The model was created in Arc GIS for estimating land
surface temperature, and it can only be used to process
LANDSAT 8 data because of the data complexity. At
the defined location point in to the LANDSAT-8 map,
the land surface temperature was identified for duration
October-2018 to February-2019 which shown in Figure
8. Land surface temperature of temporal and spatial
variation over the Panam canal command was
estimated using the LANDSAT-8 data for the month

Figure 8: LANDSAT-8 land surface temperature of

de
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fined location point.

October-2018 to February-2019 which shown in Figure
9. Using the relationship between the LST and
maximum and minimum temperature of panam
weather station the reference evapotranspiration (ET)
is estimated for the period of October-2018 to
February-2019 is shown in Figure 10. The actual
evapotranspiration is estimated by using LANDSAT-8
reference evapotranspiration and correlated crop
coefficient for defined location point of different field
crop is shown in Figure 11.
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Figure 9: LST for the duration from October-2018 to February-2019.
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Figure 10: LANDSAT-8 Reference evapotranspiration of
defined location point.

Comparison of actual evapotranspiration using the
satellite based MOD16 and LANDSAT-8 data and field
data for different crops in Panam canal command area
Scatter plot between the MOD16 and field based ETg is
presented in Figure 12 It can be observed from the graph
that the MOD16 based ETc values are not in accordance

2.5+ Crop Evapotranspiration (ETc) using Landsat 8
—— A (16/10/2018)
B (01/11/2018)
—— C (17/11/2018)
i D (19/12/2018)
\ E (20/01/2019)
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§AS
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Figure 11: LANDSAT-8 Actual evapotranspiration of
defined location point of different field crop

2.0+

ETc (mm/day)
o
1

)

0.0

with the field based ET. for the selected fields. Scatter
plot between the Landsat based and field based ET, is
presented in Figure 13. It can be observed from the
graph that the Landsat 8 based ET. values are showing
the general behaviour as that of the field based ET, for
the selected fields.
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Figure 12: Comparison of ET, estimated using field-based Figure 13: Comparison of ET estimated using field-based

FAO-56 PM method and MOD16 based method.

Conclusions

Applying the filed climatological data for the Panam
canal command reference ET, is estimated using the
FAO-56 PM method for the year 2018 and year
2019.The highest ET,was observed in the month of May
(138.25 in year 2018 and 159.11 in the year 2019) and
the minimum ET, was found in the month of September
(35.22 in the year 2018 and 24.09 in the year 2019).
Based on result obtained, it was found in this study that
Landsat 8 remote sensing-based data have better
capacity to estimate ET, compared to the MOD16
remote sensing data. The better performance of Landsat
8 data compared to MOD16 data is due to the reason that
it has better spatial resolution(30m) compared to
MOD16 (1 km) remote sensing image and can represent
the actual field conditions of farm fields which are
generally smaller. Therefore, in the reason where
availability of actual climatological data is limited, use
of Landsat 8 based ET, can be recommended.
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