
325

INTRODUCTION

Estimating the water requirement of agricul-
tural crops is important for calculating and sched-
uling the amount of water needed for irrigation. 
Thus, it is the cornerstone in managing and pre-
serving water resources. The most widespread 
methods for determining the actual water needs 
of agricultural crops depend on the use of the 
reference evapotranspiration and the crop coeffi-
cient curve (Abdalkadhum et al., 2020, Acharya 
and Sharma, 2021). However, one of the most 
important disadvantages of this method is the dif-
ficulty of determining the yield coefficient curve 
and the lack of published data on this curve for 
all regions and for all agricultural crops. Remote 
sensing techniques have developed in the last de-
cade were became used in various fields, the most 
important of which are agricultural applications, 
because they provide high accuracy in temporal 

and spatial information about the wide cultivated 
areas, types of agricultural crops, and it also pro-
vides a real monitoring system for the crop and its 
stages of development during the growing season 
for plants, through vegetation indices like (NDVI, 
SAVI, RVI, and DVI) (Adamala et al., 2016; Al-
Mansoori et al., 2021). Several researchers (Al-
face et al. 2019; Allen et al.,1998) have indicated 
the possibility of using these vegetation indices to 
calculate the crop coefficient. In central Arizona 
in the United States of America, a study was con-
ducted (Hunsaker et al., 2003) in which the rela-
tionship between the crop coefficient for cotton 
and NDVI) retrieved from remote sensing data 
was analyzed. The relationship was initially lin-
ear with a correlation coefficient (R2  = 0.97), later, 
it turned into a curve with a correlation coefficient 
(R2 = 0.82) at the value (0.80) of the vegetative 
index (NDVI) which represents the end of the full 
coverage phase. 
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The important challenges for agricultural hor-
izontal extending policies and procedures in Iraq 
are limited water resources and water scarcity. 
At the same time, population growth is outpac-
ing agricultural land availability. As a result, food 
quantity and quality diminish. To address this is-
sue, policies of horizontal growth of agricultural 
fields and activities focused on saving irrigation 
water to agriculture in another region were imple-
mented (Dingre, Gorantiwar and Kadam, 2021). 
Crop water requirements must be precisely as-
sessed, irrigation efficiencies must be improved, 
and high-efficiency irrigation methods such as lo-
calized irrigation, scheduling irrigation, cultivat-
ing drought-tolerant crops, and cultivating short-
term varieties must be used. For water resource 
planning and irrigation management, data on crop 
evapotranspiration or consumptive water usage is 
critical (Rawat and Singh, 2016).

Managing scarce water resources to meet ris-
ing demands is trouble in such a scenario. The 
precise quantification of ETc at regional and lo-
cal scales can assist in the development of water 
resource-based decision making and policy, as 
well as helping in the management of our water 
resources. ETc is an energy-driven process that 
is a significant component of the water budget 
(Trenberth et al., 2007), as well as an important 
component of irrigation water, need estimation, 
irrigation planning, and design, soil, and flood 
management (Allen, Pereira, D Raes, et al., 1998; 
Abdalkadhum, Salih and Jasim, 2020), water us-
age efficiency (Yimam, Ochsner and Kakani, 
2015; Hassan, Jafaar and Mohamm, 2019), and 
carbon flux (Yan et al., 2015; Ali, Hassan and 
Mohammed, 2021). Various highly accurate ETc 
measurement approaches have been proposed 
over time, each with its purpose, advantages, and 
limitations, the most widely used methods for 
measuring ETc are. Lysimeter (Evett et al., 2012; 
Al-Mansoori, Abdalkadhum and Al-Husainy, 
2020); the eddy of covariance (Moorhead et al., 
2019); Bowen ratio water balance (Irmak, 2010); 
method of the crop coefficient (Allen et al., 1998 
; Hassan et al., 2021); the vegetation monitoring 
(sap flow) approach (Smith and Allen, 1996); the 
energy balance method (Allen et al., 2007; Aljan-
bi, Dibs and Alyasery, 2020); and the soil water 
balance method (Gibson, 2002) are some of the 
frequently utilized approaches. When extrapolat-
ing to a regional scale, the footprint of ETc mea-
surement using the aforementioned methods is 
relatively smaller (Foken and Napo, 2008), which 

might cause significant bias. As for Iraq, no pre-
vious study was carried out on the use of remote 
sensing techniques to determine the yield coef-
ficient curve. Therefore, the main objectives of 
the study are as follows: (1) Using the vegetation 
cover indicators obtained from Landsat 8 satellite 
images, estimating the crop coefficient (Kc) Yield 
evaporation (ETc) of wheat crop in the study area 
during different growing ages; (2) For different 
growth stages, mapping of crop coefficient and 
crop transpiration evapotranspiration across the 
entire field of study area.

MATERIALS AND METHODS

Area of study

The research was carried out in the city of Al-
Musayyib, which is located in the center of Iraq 
in the Babylon Governorate, between latitudes 
(32°30ˋ–32°50ˋ N) and longitudes (44°–44°20ˋ 
E) at a height of (32) meters above sea level. The 
total area of the city is 48936.701 hectares and the 
cultivated area is 25916.896 hectares, Figure 1. 
The city of Al-Musayyib is located on the eastern 
and western banks of the Euphrates River, which 
is divided into Al-Hindiya and Al-Hilla branches 
south of the city.

Climatic conditions

The average annual temperature in the city 
of Musayyib is (31℃), and temperatures reach 
their lowest values in January with an average of 
(-1 ℃) and reach their highest values in August 
with an average of (48 ℃), and the average an-
nual rainfall is approximately (21 mm), and most 
of the precipitation occurs In the period between 
December and March, the relative humidity rang-
es between (36 %) in July to (88%) in February, 
and the wind speed in the city ranges between 
(1.6 m/s) in January and (3 m/s) in July, with an 
average of (2 m/s) (need reference).

Data collection

Meteorological data were collected from 
meteorological stations to calculate the refer-
ence evapotranspiration. Five of Landsat-8 sat-
ellite images (path 168/row 37) were download-
ed from https://earthexplorer.usgs.gov/ around 
10:30 a.m. local time with a resolution of 30 m. 
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during winter and spring seasons were used to 
calculate normalized diff erence vegetation index 
NDVI. The satellite imageries were acquired on 
Jan. 3th, 2020. Feb. 4th, 2020. Mar. 32th, 2020, 
Apr. 8th, 2020, and May. 10th, 2020. 

METHODOLOGY

The relationship for both NDVI and Kc is ob-
servable. The Kc curve’s similarity to a satellite-
derived vegetation index revealed the possibility 
of modeling Kc as a function of the vegetation 
index. As a result, the feasibility of determining 
Kc directly from a crop’s satellite refl ectance 
was studied (Hubbard, 2013). Bands 4 and 5 of 
Landsat-8 provide red and near-infrared measure-
ments, therefore they can be utilized to generate 
NDVI data using the formula (Rouse J., Schell 
J.A., Deering D.W., 1973):

  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  (𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌−𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)
(𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌+𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)  (1) 

 
𝐾𝐾𝐾𝐾 =  𝐸𝐸𝐸𝐸𝐾𝐾 𝐸𝐸𝐸𝐸𝐸𝐸⁄   (2) 
 
𝑁𝑁 + 𝑃𝑃 + 𝐶𝐶𝐶𝐶 = 𝐸𝐸𝐸𝐸𝐾𝐾 + 𝐶𝐶0 + ∆𝑃𝑃 + ∆𝛳𝛳𝛳𝛳  (3) 
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 0.408∆(𝜌𝜌𝑛𝑛 −𝐺𝐺)+𝛾𝛾( 900
𝑇𝑇+273)𝑢𝑢2(𝜌𝜌𝑠𝑠−𝜌𝜌𝑎𝑎)

∆+𝛾𝛾(1+0.3𝜇𝜇2)   (4) 
 

 (1)

where: ρRed is the refl ectance in the 4 bands 
(red band);
ρNIR is the refl ectance in the 5 bands 
(near-infrared band).

Crop coeffi  cient values were determined 
based on the actual calculeted evapotranspiration 

(ETc) and the reference evapotranspiration (ETo) 
using the relationship:
  

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  (𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌−𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)
(𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌+𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)  (1) 

 
𝐾𝐾𝐾𝐾 =  𝐸𝐸𝐸𝐸𝐾𝐾 𝐸𝐸𝐸𝐸𝐸𝐸⁄   (2) 
 
𝑁𝑁 + 𝑃𝑃 + 𝐶𝐶𝐶𝐶 = 𝐸𝐸𝐸𝐸𝐾𝐾 + 𝐶𝐶0 + ∆𝑃𝑃 + ∆𝛳𝛳𝛳𝛳  (3) 
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 0.408∆(𝜌𝜌𝑛𝑛 −𝐺𝐺)+𝛾𝛾( 900
𝑇𝑇+273)𝑢𝑢2(𝜌𝜌𝑠𝑠−𝜌𝜌𝑎𝑎)

∆+𝛾𝛾(1+0.3𝜇𝜇2)   (4) 
 

 (2)
The actual evapotranspiration (ETc) was esti-

mated from the following water balance equation:

  

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  (𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌−𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)
(𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌+𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)  (1) 

 
𝐾𝐾𝐾𝐾 =  𝐸𝐸𝐸𝐸𝐾𝐾 𝐸𝐸𝐸𝐸𝐸𝐸⁄   (2) 
 
𝑁𝑁 + 𝑃𝑃 + 𝐶𝐶𝐶𝐶 = 𝐸𝐸𝐸𝐸𝐾𝐾 + 𝐶𝐶0 + ∆𝑃𝑃 + ∆𝛳𝛳𝛳𝛳  (3) 
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 0.408∆(𝜌𝜌𝑛𝑛 −𝐺𝐺)+𝛾𝛾( 900
𝑇𝑇+273)𝑢𝑢2(𝜌𝜌𝑠𝑠−𝜌𝜌𝑎𝑎)

∆+𝛾𝛾(1+0.3𝜇𝜇2)   (4) 
 

 (3)

where:  I: Amount of irrigation water (mm)
P: Amount of precipitation (mm)
CR:Water obtained by the plant by capil-
lary action (mm)
ETc: Actual evapotranspiration (mm)
R0: Runoff  (mm(
∆P: deep deposition (mm)
∆ϴ: Moisture change during the period 
during which the evapotranspiration is to 
be calculated (%)
Z: Eff ective depth of roots during the 
studied period (mm)

The values of each of the surface runoff  and 
water obtained by the plant by capillary action 
were considered equal to zero (the land is fl at 
and the groundwater is deep). The values of 
(ETo) were calculated using the equation (Pen-
man-Monteith) (Allen, Pereira, Dirk Raes, et 
al., 1998; Acharya and Sharma, 2021) soil mois-
ture, or groundwater. Over the years, various 
remote sensing-based surface energy balance 
(SEB based on the meteorological data at the 

Figure 1. Area of study
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meteorological station in the city of Musayyib 
for the studied agricultural season.

  

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  (𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌−𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)
(𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌+𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌)  (1) 

 
𝐾𝐾𝐾𝐾 =  𝐸𝐸𝐸𝐸𝐾𝐾 𝐸𝐸𝐸𝐸𝐸𝐸⁄   (2) 
 
𝑁𝑁 + 𝑃𝑃 + 𝐶𝐶𝐶𝐶 = 𝐸𝐸𝐸𝐸𝐾𝐾 + 𝐶𝐶0 + ∆𝑃𝑃 + ∆𝛳𝛳𝛳𝛳  (3) 
 

𝐸𝐸𝐸𝐸𝐸𝐸 = 0.408∆(𝜌𝜌𝑛𝑛 −𝐺𝐺)+𝛾𝛾( 900
𝑇𝑇+273)𝑢𝑢2(𝜌𝜌𝑠𝑠−𝜌𝜌𝑎𝑎)

∆+𝛾𝛾(1+0.3𝜇𝜇2)   (4) 
 

 (4)

In this study, shown in Figure (2), three stages 
were worked. The fi rst stage was the fi eld measure-
ment of the crop coeffi  cient and the calculation of 
(ETo) and (ETc) based on meteorological data and 
eqaution (2). In the second stage, fi nding a predic-
tion equation between remote sensing data and 
crop coeffi  cient data it was measured on the same 
day that the satellite images were acquired, and fi -
nally through the prediction equation and meteo-
rological data (ETc) was calculated and compared 
with equation (3), then maps were made for each 
of the crop coeffi  cient and (Kc) and actual evapo-
transpiration (ETc) on the periods of plant growth.

RESULTS AND DISCUSSIONS

Normalized Diff erence Vegetation Index

Figure 3 shows the measured NDVI values   of 
wheat during the growth stages. In general, the 
NDVI values were low in the early stages of plant 
growth, and the reason for the low value is that 
it is mainly related to the vegetative total of the 
plant (Gutman, 1991). Then the value increased 
with the growth stage of the plant and reaching the 
maximum vegetative growth during the fl owering 
stage in April. Then it decreased at the end of the 
season to a lower value, that is, in the stage of ma-
turity. NDVI values   ranged between (0.29–0.62).
These results were consistent agree with (Guan et 
al., 2019; Hassan et al., 2019; Thapa et al., 2019; 
Naser et al., 2020) as the phenological stages of 

Figure 2. The fl owchart of methodology
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the wheat plant in the study area were (0.29) for 
the plant stage during January, then increased to 
reach (0.44) in March in the vegetative growth 
stage and reached (0.63) in April during the ma-
turity stage during May. We note that the values   
are less than (0.2) due to the presence of desert 
areas as well as the Hilla River within the study 
area. The results of the NDVI in Figure 3 shows, 

there is a variation in the density of vegetation 
cover during the study period, and the reason for 
this is due to the change in plant growth with time 
and the change in the prevailing climate in the 
study area, which has a signifi cant impact on plant 
growth, as the basic principle on which the NDVI 
indicator is based on strong refl ection of healthy 
plants based on chlorophyll at near-infrared 

Figure 3. Growth stages for the normalized diff erence vegetation index (NDVI)
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wavelengths and its relatively weak refl ection in 
the visible red color. On the other hand shows the 
temporal variability in the average NDVI over the 
study period, as the red light is strongly absorbed 
by photosynthetic pigments (such as chlorophyll) 
present in green leaves, while near-infrared light 
passes or is refl ected through leaving the tissue, re-
gardless of its color. This means that the areas with 
bare soil in the early stages of plant growth that 
have little or no green space cover are similar in 
refl ectance for both wavelengths. Figure 3 shows 
the NDVI maps for the period of the study area.

Crop coeffi  cient

Figure 4 shows the crop coeffi  cient (Kc) 
curve calculated from the equation based on the 
crop evapotranspiration (ETc) and the reference 
evapotranspiration (ETo) calculated from the 
Penman-Monteith equation. The crop coeffi  cient 
calculated from the prediction equation for the 
study area was equation (2) and the crop coeffi  -
cient was calculated from satellites. The lowest 
values   of the crop coeffi  cient were during the 
season in January, then this value started increas-
ing until it reached the highest value during the 
fl owering stage (1.13) and then decreased during 
the maturity stage to reach (0.72) When compar-
ing the crop values   extracted from remote sens-
ing data and the values   of the actually measured 
crop coeffi  cient and the values   taken from the 
FAO data, it was found that the crop coeffi  cient 
is (0.3, 0.4,0.42) for each of (KcFao, Kc-sat, Kc-
cal.) respectively at the germination stage, then 
the values   increase to reach (0.6, 0.5, 0.65) for 
each of (KcFao, Kc-sat, Kc-cal.) on successively 
at the stage of vegetative growth and continued 

to rise to reach values   of more than 1, a stage in 
which the value of the actual evapotranspiration 
increases over the value of the reference evapo-
transpiration, as it reached (1.15, 1.06, 1.13) for 
each of (KcFao, Kc-sat, Kc-cal.) at the fl ower-
ing stage, but at the maturity stage and because 
of cutting irrigation at this stage, the values   of 
the crop coeffi  cient will return It decreased as it 
reached (0.4, 0.74, 0.72 ) at the maturity stage for 
each of (KcFao, Kc-sat, Kc-cal.) respectively. It 
is clear from the above data that there were no 
signifi cant diff erences between the values   of (Kc-
sat, Kc-cal.) and they diff ered slightly from the 
values   of (KcFao).

It is clear from the above that this factor 
varies according to the diff erent growth stages 
of the crop and climatic conditions, as it is af-
fected by the factors that aff ect the plant densi-
ty and the coverage ratio of the earth’s surface, 
which are aff ected by the leaf area, the part of 
the land covered by vegetation cover, the age of 
the leaves, the opening and closing of the sto-
mata, and the moisture of the soil surface, which 
were negatively aff ected by these characteristics. 
In irrigation, this was mentioned in the charac-
teristics of vegetative growth that were aff ected 
under irrigation management. The FAO (1986) 
showed that the values   of the wheat crop coef-
fi cient ranged from 0.3 to 1.87, depending on 
the climatic data of the agricultural season. The 
decrease in the values   of the crop coeffi  cient Kc
at the stage of physiological maturity due to a 
decrease The crop’s need for water due to the old 
age of the leaves and the low effi  ciency of the 
roots in absorbing water, while the values   of the 
crop coeffi  cient Kc increased in the early stages 
of plant growth due to the concentration of water 

Figure 4. The trend of Kc and predicted Kc for the diff erent growth stages
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consumption through evaporation from the soil 
surface, which leads to an increase in the values   
of ETc over the values   of the reference evapo-
transpiration (Fraenkel, 1986). 

Study of the relationship 
between (Kc) and (NDVI)

The relationship between the crop coeffi  cient 
Kc was fi eld-measured and (NDVI) calculated 
from satellite images in the same period was 
studied. Figure 5 shows a great agreement be-
tween the Kc and NDVI curves in terms of be-
havior during the growth stages, where the val-
ues   of Kc and NDVI were low in the germination 
stage, then these values   increased to achieve their 
highest values   in the fl owering stage and then de-
creased to their lowest value before harvest.The 
correlation between the values   of Kc and NDVI 

was also studied during the months from January 
to May, and the correlational relationship in the 
study area was (Kc = 2.0114NDVI - 0.147 ) with 
a correlation coeffi  cient (R2=0.96). This predic-
tive equation is in agreement with (Er-Raki et al., 
2007; Campos et al., 2010). The diff erence in the 
constants of the equation is due to the diff erent 
types of crop and climatic conditions in the study 
areas (Figure 6).

Crop Evapotranspiration (ETc)

Figure 7 shows the daily crop evapotranspi-
ration ETc values   measured by the water budget 
method, the crop evapotranspiration measured 
by remote sensing data, and the values   extracted 
from the FAO data. Where the data were low at 
the beginning of the season to reach the highest 
value (8.5 mm/day), while the maximum values   

Figure 5. The predicted crop coeffi  cient Kc for growth stages
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of crop evapotranspiration in the days of cap-
turing the satellite image in January, February, 
March, April, and May (1.21, 2.86, 5.61,7.91, 
8.5 mm/day) respectively, while the extracted 
from remote sensing data reached (1.15, 2.18, 
4.9, 7.46, 8.8 mm/day) on Consecutively, there 
were signifi cant, as its statistical criteria (RMSE, 
d) reached (0.98, 0.92, 0.97 ) when comparing 
between (ETc_Satellite, ETc_Calculat) while the 
values   of (ETc_Satellite, ETc_FAO) reached (0.78, 
1.89, 0.86) respectively during the study period. 
As for the statistical criteria when comparing 
(ETc_Calculat, ETc_FAO) were (0.64, 1.92, 0.83) 
respectively, and the diff erence between (ETc_
Satellite, ETc_FAO) was very little. It is clear from 
the results that the statistical criteria were better 
when comparing between (ETc_Satellite, ETc_
FAO) compared to the presence of FAO values, 
and the reason for this is the high drop in crop 
evapotranspiration at the maturity stage men-
tioned by FAO, while it was high at (ETc_Calculat, 

ETc_FAO) due to the diff erent stages of maturity 
added to the changes climatic.

In can be seen from the results obtained, we 
can say that the actual crop evapotranspiration 
ETc of the crop varies according to the stages of 
growth, the number of days of the growth stage, 
the number of irrigations in it, and the increase in 
plant size, height and leaf area. The results show 
that the actual crop evapotranspiration values   in-
creased in the fl owering stage, due to the increase 
in plant height, increase in leaf area, and almost 
complete vegetative growth stage, which caused 
an increase in evapotranspiration (Figure 8).

CONCLUSIONS

The method of determining the crop coef-
fi cient (Kc) based on (NDVI) is a good way 
to determine the crop coeffi  cient. It is a sim-
ple method compared to other methods used 

Figure 6. Relationship between (Kc) and (NDVI)

Figure 7. The trend of ETc and predicted ETc for the diff erent growth stages
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in determining (Kc) such as fi eld methods, or 
relying on the publications of the FAO, and 
one of its most important features is the ease 
of obtaining (NDVI) values, whether through 
satellite images such as Landsat-8 images or 
measurement using terrestrial sensors. But it 
should be noted that equation (2) is valid for 
the conditions of the study area and the studied 
crop only, and other studies must be conducted 
in diff erent areas on wheat or diff erent crops. 
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