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ABSTRACT

In this paper, the preliminary results on Crop Coefficient (Kc) estimation are presented with the view
to assess the crop evapotranspiration in specific cotton fields during the growing season of 2015 and
2016 in Thessaly, Greece. Several World View 2 (WV-2) satellite images were used. The so-called
ETcsat (Evapotranspiration from satellite data) produced by using the Reference Evapotranspiration
(ETo) from Food and Agriculture Organization of the United Nations (FAO) based on meteorological
data and Kc extracted from Normalized Difference Vegetation Index (NDVI) utilizing the Red and
Near Infra-Red (NIR) bands. The values of ETcsat are close to Crop Evapotranspiration (ETc) during
the cultivation period of cotton and the estimation of ETc is successful. Kc and RedNDVI relationship
is based on WV-2 images and water balance in the field scale. The methodology has proved to be
very useful for the implementation and verification of any Integrated Management Programme
System for optimal agricultural production.
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1 INTRODUCTION

Agricultural production strongly depends on water availability. Similarly, climate
variability has a significant impact on agricultural production at local, regional, as well as
global scales. Indeed, crop yields are affected by variations in meteorological variables,
such as air temperature and precipitation. Several regions around the world, including the
entire Mediterranean basin, are characterized as vulnerable areas affecting agriculture due
to the combined effect of reduced precipitation and temperature increases in areas already
facing water scarcity [1]. Agricultural production risks to become an issue in
the Mediterranean region as mainly droughts and heat waves are likely to increase the
incidence of crop failure. Irrigation has always been significant for crop production in most
Mediterranean countries mainly due to high evapotranspiration rates and restricted rainfall
inputs. The demand for irrigation water is projected to rise in a warmer climate, increasing
the competition between agriculture and urban, as well as industrial, users of water [2].
More water is expected to be required per unit area under drier conditions, and peak
irrigation demands are also predicted to rise due to more severe heat waves. Precision
agriculture, which is considered in this paper, is a rather recent approach to address the
issues of water needs for effective crop water and fertilizer monitoring in vulnerable agro-
ecosystems [3].

For the assessment of water needs for agriculture, the estimation of Crop
Evapotranspiration (ET.) is required. Kc is a vegetation coefficient that is closely related to
the phenological cycle of vegetation and is related to the NDVI values. The Kc is also
closely related to vegetation canopy and the degree of vegetation vigour and it is
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also related to ET. Several research works have shown [4], [5] that it is possible to estimate
the water irrigation needs of a crop by calculating the ET. from satellite data mainly using
the Kc coefficient, which is derived by a vegetation index. The full ET. estimation equation
is based on eqn (1).

ET.= (KsKcb +Ke) ETo, (1)

where the Basal Crop Coefficient (Kcb) is defined as the ratio of the crop
evapotranspiration over the reference evapotranspiration (ETc/ETo) when the soil surface is
dry but transpiration is occurring at a potential rate, i.e., water is not limiting transpiration.
Therefore, '"KcbETo' represents primarily the transpiration component of ETc. Ke is the soil
water evaporation coefficient; it describes the evaporation component from the soil surface.
The water stress coefficient (Ks) describes the effect of water stress on crop conditions. For
soil water limiting conditions, Ks<1. Where there is no soil water stress, then Ks=1.

Kcb = 1.5625 *NDVI-0.1 ©)

Kcb values were between 0.15 and 1.15 using a set of Landsat7 satellite images [6].
An approximation to a single crop coefficient Kc is the following:

Kc=1.25*NDVI + 0.20 3)
for the initial, development and mid-season, and
Kc=1.5625 * NDVI -0.05 4

for the late season [6]. Kc is a spectral crop coefficient that is taking values between 0.15
and 1.20.
In addition, the following equations have been found in the literature [7]:
Kc = 1.15*NDVI+0.17 (5)
Kc =1.25*NDVI+0.10 (6)

The present work describes the calculation of Kc from RedNDVI time series and is
compared to Kc generated by FAO approach. Then the ETcsat is produced by using the
reference ETo from FAO, based on meteorological data and Kc extracted by NDVI
utilizing the Red, the first and the second NIR bands of WV-2, respectively.
Fig. 1 delineates the above methodology.

2 MATERIALS AND METHODS
Six WV-2 scenes were atmospherically, radiometrically and geometrically corrected [8],
[9], over cotton farm of the Greek FATIMA site. The Kc was continuously generated from
vegetation indices as new satellite data were added in the time series data set. Two
agricultural fields (1.8 ha and 1.0 ha respectively) were used in summer 2015 (May to
September) and 2016 (April to September) as experimental test sites for the project located
in Larisa, Central Greece. In 2015 cotton emerged on the 26" May (it was necessary to sow
twice due to hail storm). In 2016 cotton emerged on the 18" April. They were divided in
blocks, with each block receiving various fertilization treatments: conventional fertilization
(according to the farmers’ practice), variable rate technology fertilization (VRT) and
control (only basic fertilization). Soil moisture was monitored with a ground sensors
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network. Six (6) WV-2 2m multi and 0.5m pan — sharpened images processed during the
growing seasons for the purpose of producing maps of canopy reflectance. The acquisition
dates were May (17), June (13), July (29), Sep (2) 2015, July (8) and August (12) of 2016.
The atmospheric correction was based on ATCOR3 (ATmospheric CORrection, version 3)
model developed by German Aerospace Center (Deutsches Zentrum fiir Luft - und
Raumfahrt - DLR) calibrating the data for Top of Atmosphere (TOA) and Ground
reflectance. The geometric registration was based on two different approaches: geocoding
using image—to— GCPs (Ground Control Points) and image—to—image as a master—to—slave
approach [10]. The first WV-2 acquired on May 2015 was corrected by using 10 GCPs. All
the following images were orthorectified on the first image using, image to image
registration.

This is the first step of a series of comparisons, as FATIMA project is ongoing up to
2018, in order to select the appropriate equation that fits to a specific area, crop type and
sensor. More analytically, for two irrigated crop fields (cotton) in Thessaly (Central
Continental Greece) soil moisture measurements (Ground) and WV-2 satellite (Sat)
recordings are used to perform a new equation for Kc estimation. The following parameters
were collected from satellite:

Spectral bands:

e RED
e NIR X 2 (due to WV-2 two infrared channels)

Vegetation Indices:
e Red NDVI

The Kc presented here is developed from the NDVI indices using and Red, NIR(1) and
NIR(2) of WV-2 channels. This is tried for the first time with new bands, especially with a
second NIR of WV-2, which is less influenced by atmosphere. The indices were applied
onto 2m multispectral data and on pan — sharpened 0.5m data. Pan — sharpening is a digital
synthesis, whereas the 2m multispectral channels are merged with the 0.5m panchromatic
channel to generate another set of multispectral channels that preserve the spectral
information, but in higher spatial feature space of 0.5m, thus enhancing the information
integrity and clarity.

From satellite imagery acquired
during the phenological crop cycle

WV-2 9-band

“ Time series

data

Figure 1: The role of Kc in the estimation of evapotranspiration.
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The Kc work included:

e Development of NDVI from WV-2 and comparison of the produced values
(generation of different NDVIs using as much as possible the same spectral bands
with similar wavelength range).

e Use the Kc of FAO for cotton.

e  Monitoring of the soil moisture, establishment of the water balance in the field
scale, and evaluation of the Kc during the various stages of the two cultivation
periods.

The following data — table is the Kc, given by FAO [11].

3 RESULTS
All available Kc equations mentioned above are based on Landsat — 5 and 7 missions. In
order to adjust the Kc satellite values from WV-2 images it is necessary to build a new Kc
equation that allows the estimation of crop water needs. In other words, to suitably select
the a and b coefficients in the linear system of y=ax+b, where y is the Kc from satellite and
x is the satellite NDVI. The appropriate Kc equation describes the cotton Kc derived from
WV-2 Red and NIR spectral bands and for this specific geographic area.

Table 1: Typical FAO Kc values for cotton.

Plant | Kcl Kc2 Kc3 Stl St2 St3 St4 total
Cotton | 0.35 1.15 0.70 30 50 60 55 195
Table 2:  Comparison of Kc sat and ETcsat built from WV-2 satellite with Kc and ETc

by FAO for cotton farm of summer 2016.
Comparison of Kc Comparison of ET (mm)
Date Kc sat Kc FAO ETcsat ETc
8 July 1.02 1.15 5.1 5.8
12 Aug 1.07 1.15 4.9 53

Kc e
1

L]
26-Apr-15 16-May-15 5.lun-15 25 nA5 15 k15 4-Aug15 28-Aug-15 13-5ep-15

= Kc sat cotton

—e—Kc FAQ (cotton)

Figure 2: Comparison of Kc built from WV-2 satellite and FAO for cotton farm of summer
2015.
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16-May-15 S-dun-d 5 25-burr-1 5 15-Jub18 & Aug-15 24-Ang15 13-Sep-15 3-0ct-15

= ETe FAD [cotton) ETcsat [cotton)

Figure 3: Comparison of ETcsat built from WV-2 satellite and ETc produced by FAO for
cotton farm of summer 2015.

Figure 4:
The following regression eqn. (7) is obtained from soil moisture measurements,

meteorological data, water balance calculation at the field scale and RedNDVI extracted
from WV-2 data.

Ke=1.33(RedNDVT) + 0.21 (R?=0.92) (7)

It shall be noted that values obtained by eqn. (8) are very close to the Kc derived by FAO
(Fig. 2 and Table 2).

4 DISCUSSION
Kc sat values (average values in the field scale) based on Red and NIR spectral bands of
WV-2 data and Kc values from FAO for the same summer months of the years 2015 and
2016 are close to each other (Fig. 2 and Table 2). It is clear that for both periods the Kc
coefficient was successfully estimated using the WV-2 satellite data. Of course, more earth
observation data are needed to validate these results.

It is understood that this Kc estimation based on satellite data (Kc sat), is a very dynamic
one, and follows the exact conditions of the crop in the field according to its phenological
cycle including the recording of any sudden event occurred within this crop. Overall, the
Kc values from the WV-2 data are close to the K¢ FAO values. Similarly, the ETcsat values
for cotton crop during the summer of 2015 follow the curve of ETc from FAO (Fig. 3) (ETc
obtained using Kc and ETo according to FAO-56 [11]. For the summer of 2016, the ETcsat
is lower than ETc (Table 2), but the values obtained for July and August are close
(ETcsat~5mm/day and ETc~5.5mm/day). Fig. 4 shows the Red NDVI of WV-2 for cotton
fields during the summers of 2015 and 2016.

5 CONCLUSIONS
The results indicate that it is possible to estimate evapotranspiration via the Kc coefficient,
which is derived by satellite data. However, Kc is dependent on the type of satellite data
and cannot be applied in a generic way. Spatial and spectral resolutions are the key
components of any sensor that is going to be used for K¢ extraction. Sensors with different
bandwidth of Red, Red Edge and NIR spectral bands create heterogeneous results.
Additionally, the type and size of farm plays a very important role on the selection of
satellite data and thus on the Kc equation to be used. For example, the small size farms or
land fragmentation, which is mainly present in the Greek and Italian farms, require very
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high spatial resolution data instead of mid resolution data [12]. All these issues are
expected to be overcome with the forthcoming constellations, such as Urthe Daily (2019),
where their daily coverage and robust spatial resolution of 5m, highly — calibrated and
similarity of Red, Red — edge and NIR channel wavelengths with current sensors of
Landsat 8 and Sentinel 2A/2B will eliminate the trade — off between very high and mid
resolution satellites, offering an unprecedented generation of series of pixels or series of
knowledge over an agricultural plot.

Overall, the present work demonstrated that the development and implementation of an
efficient site — specific management system in the case of precision agriculture for reducing
irrigation is possible by combining field measurements and well-defined satellite data
coverage intervals. Satellites have proved to be ideal due to their global repetitive coverage
over an area of interest (every 2-3 days), spatial and spectral resolution. The comparison of
satellite data and field measurements has shown that the utilization of WV-2 is definitely a
useful tool for farm based stakeholders, allowing not only the extraction of crop area, but
also the derivation of useful parameters, such as the Kc satellite and ETcsat that can be used
in the estimation of crop water needs [3]. The latter can lead to the implementation and
verification of any Integrated Management Program System for optimal agricultural
production compliant with EU AGRO 2.1 and 2.2 standards for agricultural production. It
is also expected that this research work will be amplified by Sentinel 2/A/B data and the
results will be presented in the coming months.

RedNVDI for
cotton farms,
summers of

2015 and
2016.
Larisa. Greece

Figure 4: RedNDVI of WV-2 for cotton fields, summers of 2015 and 2016.
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