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Abstract 
 
Evapotranspiration is a blend of two separate processes where water is 

evaporating from soil and water surfaces as well as transpiring from the 

stomata of plants. The crop evapotranspiration (ETc) is a perfect index for 

crop water requirements estimation, especially in an arid and semi-arid 

region. Remote sensing technologies assist to improve the assessment of ETc 

precision and its spatial distribution. This study aims to compare two remote 

sensing methods for calculating ETc, which was the surface energy balance 

(METRIC) model and the modified FAO 56- Penman-Monteith model. 

Where Landsat 8 images, after the needful processing, were used in 

combination with climate data from the nearest station, Numaniyah 

meteorological station. Satellite images were used to calculate vegetation 

index, land surface temperature, and albedo which was required to calculate  

ETc. The area selected for study was Al-Ahrar irrigation project which is 

located in the south of Iraq within Wassit government. ETc obtained using 

the METRIC model changed from the lowest value (1.0 mm day
-1

) in 

December to the highest value (6.5 mm day
-1

) in July. While the ETc values 

calculated from remote sensing data by application of the Penman-Monteith- 

FAO 56 model changed from the lowest value (1.3 mm day
-1

) in December 

to the highest value (5.7 mm day
-1

) in July. The coefficient of determination 

(R
2
) was 0.82 for the FAO- Penman-Monteith model and 0.77 for the 

application of the METRIC model comparing with reference 

evapotranspiration (ETo) observed by Numaniyah station after dividing by a 

crop coefficient (Kc). 
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1 Introduction 
 

The actual calculation and evaluation of crop evapotranspiration (ETc) 

are very important in water resource management, scheduling irrigation 

models, and the design of hydrologic balance [1,2]. The evapotranspiration 

differs due to a large group of factors like temperature, relative humidity, 

wind speed, and water availability. Also, there are secondary factors that also 

greatly influence ET measurements and they are soil type, soil salinity, crop 

type, the period of growth, crop length/height, leaf area index, and macro and 

micro mineral contents of the soil. All these factors also estimate ET rates 

which are calculated in units of mm/time [3].  

Despite the variety of models for predicting the ETc, decision-makers or 

governmental offices require prompt and simplified approaches. The usage 

of climate information obtained by nearby meteorological stations can be 

applied for such purposes in conjunction with other existing tools, like 

satellite remote sensing [4]. In the recent period, there have been great efforts 

to estimate ETc over considerable areas from remote sensing data. The 

estimation of ETc combining traditional meteorological ground 

measurements with remote sensing data has been vastly investigated. The 

base advantage of using remotely sensed data is that the ETc can be obtained 

immediately without the requirement for measuring any of the other complex 

hydrological processes [5]. Various models are utilizing different satellites 

data have been expanded, as presented by Zhang et al. (1995) [6], Ray et al. 

(2001, 2002) [7, 8], Allen et al. (2007) [9], Papadavid et al. (2011) [10], 

Kadam et al. (2014) [11], and Raoufi et al., (2017) [12]. 

Mainly, there are two primary approaches for estimation ETc: (1) 

measuring ETc depended on albedo and vegetation indexes, and ground-

based weather data, (2) utilizing the thermal infrared sensor to compute a 

surface energy balance, which used in the estimation of  ETc. Here in this 

paper, two methods based on remote sensing data were selected for 

estimating crop evapotranspiration (ETc): the modified FAO- Penman-

Monteith model and surface energy balance (METRIC) model. 

Allen et al. (2007) [9] developed METRIC model "Mapping 

Evapotranspiration at High Resolution with Internalized Calibration" for 

daily estimating of ETc. METRIC  model was utilized to calculate ETc by 

joining ground-based meteorological data and remotely sensed spectral data 

to calculate, soil heat and sensible heat fluxes, net radiation, which are 

components of the surface energy balance process to get ETc as a residual 

from the energy balance. METRIC utilizes the pioneering SEBAL "The 

Surface Energy Balance Algorithm for Land" as the basis for it. Where the 

air temperature is an indexed function of the land surface temperature, and  
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therefore cancel the require for absolutely precise of land surface temperature 

and the requirement for air-temperature measurements. METRIC model has 

many advantages comparing with conventional applications of energy 

balance that depend on remote sensing,   therein calibration of METRIC is 

done utilizing ground-based reference and no need to know the crop 

development stages and the crop type. The FAO-56 model, which was 

derivative by the Penman-Monteith equations, which it is lately has been 

approved as a standard model [13]. This method has a big probability of 

accurately estimating ETc in different climates and locations [14]. The 

modified FAO- 56 model utilized to assess ETc depended on the application 

of the Penman-Monteith equation adopted on parameters acquired by satellite 

image data, like the vegetation indexes and surface albedo (α) [11]. 

This paper aims to compare the METRIC and  FAO- Penman-Monteith 

models to calculate ETc during the life cycle of crops. 

 
2 Case Study and Data Collection 
 
2.1 Study Area 
 

Al-Ahrar irrigation project is a vital and important project lies in Iraq 

within Wasit governorate. It consists of three main canals, Howar in the west, 

Husseiniya in the middle, and Mazzaq in the east, as presented in Figure 1. 

The project was reclaimed from 1974 to 1984 to become one of the most 

concentrated areas of the rural population in Iraq. The total area of the 

project is 268486 donums, but the area intended for irrigation and actual 

cultivation is 237000 donums of which 86000 donums are pump-irrigation 

and the rest of the space depends on surface irrigation (Iraq Ministry of 

Water Resources, 2019). The project land is flat with little slope. And it lies 

in an unstable pier within the Mesopotamia plains range which are covered 

by Quaternary sediments [15, 16]. Generally, the study area has two types of 

soils that was loam and clay loam,   which obtained using Arc-GIS software 

and FAO soil map (www.fao.org) [17, 18]. The crops grown in the project 

are Winter crops (barley, wheat, and winter vegetables), the dominant 

Summer crops (maize and summer vegetables), and dominated perennial 

crops (alfalfa and palms) (Iraq Ministry of Agriculture, 2019). 
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Figure 1 Location of Al-Ahrar irrigation project 

2.2 Climate  
 

To estimate ETc using FAO- Penman-Monteith and METRIC models 

which adapted to satellite data, auxiliary climate data from Numaniyah 

meteorological station were used (Iraq Ministry of Agriculture, 

www.agromet.gov.iq. ). The climate of Al-Ahrar irrigation project can be 

specified as arid to semi-arid, it is characterized by the short cool winter, and  
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by the long, extremely hot and dry summer [19, 20]. The geographical and 

astronomical location of the study area have provided climatic properties that 

characterized by the high rate of solar radiation (SRt), high temperatures (T), 

low relative humidity (H) and rain (R), and high reference evapotranspiration 

rate (ETo) especially during Summer season, as presented in figure 2. This 

affected the water supply, soil and plant properties, and agricultural 

production. 

 

 
 

Figure 2 Climatic parameters of Al-Ahrar irrigation project 

 

2.3 Images Source 
 

24 Landsat 8 satellite images were utilized in this study downloaded 

from the website of (United States Geological and Survey, USGS) with  Geo 

TIFF output format. Landsat 8 satellite images consisting of eight spectral 

bands, 1 to 7 and also 9, with a spatial resolution of 30 m. While the 

resolution of the panchromatic band (eighth band) is 15 m. The spectral 

bands 2 to 7 are beneficial to study the vegetation and soil. The band 1 (ultra-

blue) is beneficial for studying the aerosol and coastal. Band 9 is beneficial 

to detect a cirrus cloud. The thermal bands (10 and 11) are beneficial to 

provide more precise land surface temperature, they are collected at 100 m 

[21, 22]. Table 1 shows the Landsat 8 images features used in this study. 

 

3 Methodology 
 

No one of the satellites measures near-surface vapor content, despite 

their measuring of reflectance of surface and temperature. So, ETc can be 

calculated from satellite image data by employing various models. The 

analysis was achieved utilizing Landsat 8 (OLI/TIRS) satellite and climate 

parameters. LAI, albedo,  and land surface temperature maps, have been 

derived from Landsat 8 images, using specified equations. Eighteen models  
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are designed in ERDAS Imagine 2015 software to estimate the different 

parameters related to the estimation of ETc. 

 

 3.1 Images Processing 
 

Image processing is a manipulation of remotely sensed data to perform 

some operations on an image, to get an enhanced image, and to extract some 

useful information from it [23]. The selection of image processing techniques 

types depends on the aims of each study. So processing techniques for this 

paper include layer stack, conversion digital numbers (DN) to radiance, 

reflectance, and brightness temperature, subset image, and classification 

images. The software used for this purpose was ERDAS Imagine 2015 and 

ENVI 5.2. 

Table 1 Landsat 8 satellite image features (USGS, 2016-2017) 

 

Date Acquired Bath Row Sun-Elevation 
Earth-Sun 

Distance 

2017-01-10 168 37 30.57232442 0.9833964 

2017-02-04 167 38 36.32951258 0.9858388 

2017-02-11 168 37 37.16209242 0.9869934 

2017-02-20 167 38 41.04918780 0.9888322 

2017-03-08 167 38 46.63411398 0.9926361 

2017-03-15 168 37 48.23383741 0.9944944 

2017-04-16 168 37 59.63780945 1.0035697 

2017-05-11 167 38 66.52810785 1.0099856 

2017-05-27 167 38 68.42599765 1.0132659 

2017-06-03 168 37 68.43912395 1.0143402 

2017-06-12 167 38 68.85163468 1.0154529 

2017-06-28 167 38 68.22461452 1.0166062 

2017-07-21 168 37 65.80684858 1.0160869 

2017-07-30 167 38 65.04724647 1.0151850 

2017-08-06 168 37 63.48568395 1.0142219 

2017-08-15 167 38 62.51078781 1.0127659 

2017-08-31 167 38 59.16266972 1.0093875 

2017-09-16 167 38 54.99940162 1.0053460 

2017-09-23 168 37 51.89510498 1.0034200 

2017-10-09 168 37 46.81117821 0.9988087 

2017-10-18 167 38 45.08848818 0.9962998 

2016-11-16 167 38 36.55238770 0.9888007 

2016-12-18 167 38 31.33683775 0.9839302 
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3.2 Surface Energy Balance (METRIC) Model 
 

The theoretical and computational basis of this model was explained by 

Allen et al. (2007) [9] which depended on surface energy balance. The 

energy consumed by ETc process is computed as a residual of the energy at 

the surface,  as shows in equation (1): 

                                                                                          (1)                

Where, LE is the latent energy consumed by ETc, G is the soil heat flux, Rn 

is the net radiation at the crop surface, and H is the sensible heat. Al 

parameters of equation 1 were measured in the unit (W m
-2

). 

Net radiation refers to the radiant energy at the land surface. Thus it is 

calculated by subtracting outgoing from incoming radiant fluxes and includes 

solar and thermal radiation, as present in equation (2): 

                                      (     )  ↓             (2) 

Where, RS↓ is the short-wave radiation (incoming), RL↑ is the long-

wave radiation (outgoing), RL↓ is the long-wave radiation (incoming), ɛ is 

the surface thermal emissivity, and α is the surface albedo. All radiation was 

measured by (W m
-2

), while albedo and emissivity was (dimensionless). 

The general METRIC applications calculate  G as a ratio G/Rn, as in 

equation (3) which developed by Bastiaanssen (2000) [24]: 
 

  
 (           )(                )(              )      (3) 

Where, LST is the land surface temperature (Kelvin), NDVI is the 

normalized difference vegetation index (dimensionless). 

NDVI is the difference between the near-infrared (0.85– 0.88 μm) and 

red (0.64– 0.67 μm) bands divided by sum of those bands in conventional 

fashion. 

LST is an important parameter in many areas and studies, as worldwide 

climate alteration, and agricultural and hydrological processes. Calculating 

LST from Landsat 8  images was conducted according to Avdan et al. (2016) 

[25].  

Sensible heat flux estimated in METRIC as in equation (4). It is 

estimated from an aerodynamic function. 

                                             (  )                                         (4) 

                                                                             

Where,  rₐ is the aerodynamic resistance (s m
−1

), ρair is the air density 

(kg m
−3

), dT is the difference between LST and Tair (kelvin), Cp is the 

specific heat of air (J kg
−1

 K
−1

). 

The rah computation betwixt two heights, z1 and z2 (commonly 0.1 and 2 

m).  rah utilizes wind speed at 100 to 200  height above the land surface. 

 
 

 

 



                                                                                                                  
 

 

 

8374     Mohammed S. Shamkhi et al. 

 

Following the establishment of H, G, Rn, and LE, the obtained LE 

dividing by the density of water (ρw) and latent heat of vaporization (λ) and 

this is equivalent to the ETc (mm day
-1

), as explained in equation (5): 

                                                  
     

   
                                     (5) 

Other parameters equations of METRIC model are calculated according 

to Allen et al. (2007) [9]. 

 

 3.3 FAO 56- Penman-Monteith Model 
 

FAO 56- Penman-Monteith model based on satellite and climate data 

was utilized to calculate ETc. Equation 6 explains how ETc (mm 
day-

1) can be 

calculated using this method, under certain conditions. All the climate data 

were obtained from the Numaniyah station which located near the area of 

interest [11]. 

          
 

 
[
 (((   )   –    )            ) 

    (     )  
   

   (  
  

        
)

]                      (6) 

                               

Where, λ is latent heat of vaporization (MJ kg
-1

), Rs is the shortwave 

incoming radiation (MJ m
-2

 day
-1

), Rnl is the net long-wave radiation (MJ m
-2

 

day
-1

), ∆ is the slope vapour pressure curve (kpa), (es-ea) is vapor pressure 

deficit (kpa), LAI is the leaf area index (dimensionless),  Pa is air density (kg 

m
-3

), γ is thermodynamic psychometric constant (kpa °C
-1

), Cp is air specific 

heat (MJ kg
-1

), U2 is wind speed at 2 m height (ms
-1

). 

LAI can be calculated by using an exponential equation proposed by 

Papadavid et al., (2011) [10] was used, equation (7): 

                                                                                           (7) 

                                                                   

Where, WDVI is the (Weighted Difference Vegetation Index) presented 

by (Clevers, 1988) [26].  

Remote sensing data is the only workable means for mapping the earth's 

surface albedo. So, calculating albedo primarily count on top of atmosphere 

(TOA) reflectance. The use of all six bands is presented in an empirical 

equation, (8) [27]. 

                                                
                                                                                                (8)                                                                                                            

 
                                                                      

Where αTAO represents albedo, Ref2,3,...7 represents reflectance for each 

band. 

the albedo computation is a Landsat image that has been transformed 

from digital numbers to TOA reflectance. The equations which are used to 

compute the parameters of FAO- Penman-Monteith equation was according 

to Allen et al., (1998) [28]. 
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4 Results and Discussion 
 

The surface energy balance (EB) method and Penman-Monteith (PM) 

models have been applied using 24 medium resolution images of Landsat 8 

satellite and meteorological records for calculating ETc . The primary goal of 

remote sensing projects is to describe the type, amount, and condition of 

vegetation in the scene. Vegetation Indexes (VIs) were obtained from the 

remote sensing based on joining Red and NIR bands, with simple and active 

algorithms for qualitative and quantitative valuation of the vegetation cover, 

growth dynamics, and vigor. Each VI has its specified expression of 

vegetation, its propriety for certain utilizes, and some limiting factors. Figure 

3 explains the mean values of NDVI, WDVI, and  SAVI (soil adjusted 

vegetation index). The mean of VIs was increased during Winter months 

(November to April) due to the increment of the cultivated area in contrast to 

the Summer months when the green area within the project is decreased. The 

negative values of VIs represent the soil and water land cover, while the 

positive values represent the vegetation cover. 

 

 
                             Figure 3 Mean value of the vegetation indexes NDVI, SAVI, 

and WDVI. 
 

LAI has been derived from  WDVI, as present in equation (7). The 

purpose of using the WDVI to estimate LAI was to improve the vegetation 

signals by reducing the soil background effects. The coefficient of 

determination between LAI and WDVI was 0.98 as shown in Figure 4. 
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Figure 4 The correlation between LAI and WDVI. 

 

The Earth's surface consists of a different group of objects and materials 

each one has a different albedo value. The surface with high albedo reflects a 

lot of radiation into the atmosphere, while the surfaces with low albedo 

reflect a little of the radiation as the remaining amount is absorbed. Albedo 

ranges between 0 and 1, the surface with a value of zero is the ideal energy 

absorber, while the surface with a value of one is the ideal reflector. The 

mean values of albedo decrease by the increment of the cultivated area, as 

presented in Figure 5 because the albedo values of crops are less than that of 

soil, while the water surface has a very low albedo. 

 
                    Figure 5 The mean value of albedo for the study area. 

 

The METRIC model mainly utilizes a linear relationship between the 

difference in air temperature (Tair) and land surface temperature (LST) to 

calculate the sensible heat flux. LST was estimated depending on the NDVI 

and the top of atmosphere (TOA) radiance and brightness temperature, which 

is retrieved directly from the thermal infrared bands. This method provides 

maps of heat distribution over the land’s surface. After comparing the  
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average instantaneous air temperature of the remote sensing (RS), which 

derived from LST, with the average daily temperature of Numaniyah station 

(NS), coefficient of determination (R
2
) between them was 0.97 and the root 

mean square error (RMSE) was 3.2 C, as present in figure 6. 

    

 
         Figure 6 The air temperature of RS and NS (C). 

 

After separating the pixel value of the vegetation within the area of the 

study, the final results have been shown in Figure 7 and Tables 2 and 3. The 

results show that the values of ETc vary in the time and place of the study 

area. The highest ETc value was 6.8 mm/day on 28
th 

 June, while the lowest 

value was 1.0 mm/day on 18
th
 December by application the surface energy 

balance (EB) model. On the other hand, the highest value recorded by FAO 

Penman-Monteith (PM) model was 6.04 mm/day on 28
th
 June and the lowest 

value was 1.30 mm/day on 18
th
 December. The ETc results obtained by the 

two methods were close and the coefficient of determination (R
2
) between 

them was 0.88, as present in figure 7. Generally,  The lowest values of ETc 

were during the Winter season. Then the rates of ETc gradually was 

increased as Summer coming because of the temperatures rise that 

accompanied the decrement of the rainfall rates and the low relative 

humidity. 

During November, the ETc value was 1.60 mm/day depending on the EB 

model, it became 1.36 mm/day when the PM model was used. The average 

value of ETc during February was 1.93 mm/day by PM and 2.17 mm/day by 

EB. March recorded 3 and 3.53 mm/day by EB and PM methods, 

respectively. While April recorded values higher than that of March, they 

were 3.4 mm/day by EB model and 4.02 mm/day by PM model, as shown in 

Table 2. The main reason for the recorded decrease in ETc values of the 

Winter crops during the growing stages is due to the low-temperature rates as 

a result of the shortage in the hours of sunshine duration, the reduction of 

solar radiation energy, the high rates of relative humidity, the appearance of  



                                                                                                                  
 

 

 

 

 

 

 

cloud cover, the increase in precipitation rates, and finally the low 2-meter 

average wind speed rates, which decrease evapotranspiration rates.  

 

  
 

                       Figure 7 The estimated of ETc using the PM and EB within the area 

of study. 

 
Table 2 Estimated ETc for the winter vegetation land cover using PM and EB. 

 
Image Date PM (mm/day) EB (mm/day) 

2016-11-16 
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2016-12-18 

  

2017-01-10 

  

2017-02-04 

  

2017-02-11 
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2017-02-20 

  

2017-03-08 

  

 

2017-03-15 

  

2017-04-16 
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In Summer, May recorded the maximum rate of 4.62 mm/day, it was 

obtained by the PM model, while the minimum rate was achieved by the 

energy balance model, it was 3.55 mm/day. The mean values of ETc were 

recorded in June, they were 5.50 and 5.67 mm/day by the two models, 

respectively. The EB model recorded the highest value during July, it was 6.6 

mm/day, the lower limit of 5.65 mm/day was obtained using the PM model. 

In August, the rates remained high, as they ranged between 5.10 and 5.39 

mm/day, these values represented the lowest and the highest value for the 

two methods. The ETc rate began to decrease during September and October, 

where the highest rates were 4.8 to 4.18 mm/day on 16
th
 September by the 

EB and PM model, respectively, while the lowest values were 2 mm/day on 

25
th
 October by the EB model and 2.2 mm/day on 18

th
 October by the PM 

model, as present in Table 3. 

 
Table 3 Estimated ETc for the summer vegetation land cover using PM and EB. 

 
Image Date PM (mm/day) EB (mm/day) 

 

2017-05-11 

  

 

2017-05-27 
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2017-06-03 

  

2017-06-12 

  

2017-06-28 

  

2017-07-21 

  



                                                                                                                  
 

 

 

Comparison of Two Approaches of Remote Sensing for Estimating the Crops 

Evapotranspiration 8383 

 

2017-07-30 

  

2017-08-06 

  

2017-08-15 

  

2017-08-31 
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2017-09-16 

  

2017-09-23 

  

2017-10-09 

  

2017-10-18 
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2017-10-25 

  

 

 

 4.1 Verification via Reference Evapotranspiration 
 

To verify the results of the ETc obtained by the remote sensing methods, 

the estimated ETc was divided by crop coefficient converting it to the ETo 

and compared the results with the ETo that was observed by Numaniyah 

station (NS). The ETc sourcing from Landsat 8 and climate data is 

corresponding to the data of NS. Where the comparison between the 

estimated ETo by FAO- Penman-Monteith model and that of Numaniyah 

station had a mean absolute error of 1.1, and the coefficient of determination  

0.82, as shown in Figure 8. 

 

 
                   Figure 8 ETo estimated by the remote sensing (PM) and (NS). 

 

While the energy balance (METRIC) model (EB) had a mean absolute 

error of 1.3 and a coefficient of determination of 0.77 as compared with the 

reference evapotranspiration data of Numaniyah station, as shown in Figure 

9. 
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                        Figure 9 The estimated ETo of the remote sensing (EB) and NS. 

 

5 Conclusions 
 

This study is highlighting on the importance of utilizing remote sensing 

data for estimating ETc in Al-Ahrar irrigation project. Remote sensing 

modeling is effective for the mapping of the spatially distributed ETc 

especially for large areas. Different models are applicable,  these models 

have a limitations, they are usually applied to the agricultural areas 

fundamentally to evaluate ETc for irrigation management purposes. Having 

known the ETc by this method and dividing it by Kc, each maker-decision 

can Guess the daily water requirements for agriculture. In the procedure of 

calculating ETc, the results have explained that there is an increase in ETc 

value during the Summer season. This increase was due to the high rates of 

temperature as a result of the falling of the sunlight angle close to the vertical 

which in turn caused an increase in the rates of sunshine hours, this also 

decreased the relative humidity rates, reduced the rainfall, and increased the 

high rates of the speed of hot dry winds in Summer. Moreover, the role of the 

terrain is also an important factor, for the flat land, the speed of wind 

movement or the arrival of direct sunlight cannot be restricted. As it is 

apparent, a forward irrigation schedule can be achieved by utilizing remote 

sensing. And this will contribute to the decline of water losses. The main aim 

of this paper was achieved with the affirmation of the successful conjunction 

of remotely sensed data by using the energy balance (METRIC) model and 

FAO  Penman-Monteith model in producing estimates ETc in irrigated 

agricultural areas of Al-Ahrar irrigation project in Iraq. 
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