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 Since agriculture (mainly irrigation) is the major user of water, improving agricultural 

water management is essential. Efficient agricultural water management requires 
reliable estimation of crop water requirement. The main aim of this paper was to 

evaluate whether the single and dual crop coefficients (single-Kc and dual-Kc) methods 

proposed in FAO-56 are suitable for calculating the crop evapotranspiration (ETc) of 
the dominant crops (i.e., winter wheat and maize) in Tabriz region. The results were 

compared with the data measured by the equilibrium lysimeter at the experimental 

station of University of Tabriz, Iran, form 1991-1992 for wheat and 2000 for maize, 
using the root mean square error (RMSE), mean bias error (MBE) and coefficient of 

residual mass (CRM). The results indicated that although the single-Kc and dual-Kc 

methods had suitable performance in estimating the seasonal evapotranspiration for 
winter wheat, but the single-Kc was inaccurate in predicting the values for maize due to 

existence of advection phenomena. The predicted seasonal values of ETc were 664.97 

and 687.95 mm for wheat in which the measured value was 694.1 mm, and were 624.6 
and 927.24 mm for maize with measured value of 828.55 mm by utilizing single-Kc and 

dual-Kc methods, respectively. Although the dual-Kc approach have over-estimated 

values of ETc for maize, the statistical analysis indicated that the dual-Kc approach had 

2.48 and 7.04 lower values for RMSE and 3.2 and 2 lower percent for CRM for wheat 

and maize, respectively. Therefore, the comparison results from measured and predicted 

values confirmed the precision of dual-Kc method for crops with late spring or summer 
growing season. 
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INTRODUCTION 

 

 The determination of crop coefficients and evapotranspiration are important for estimating irrigation water 

requirements in order to have better irrigation scheduling and water management [15]. During the last two 

decades, several models have been developed to simulate and estimate crop evapotranspiration (ETc) and in 

some cases, its components (soil evaporation and plant transpiration). These models differs from complex, 

physically based ones to more simple and conceptual ones. All of these models, need several input parameters 

that cannot easily be obtained at the appropriate space-time scale, and therefore, are expensive, difficult, 

impractical and perpetual to use on vast area. Selecting the appropriate method to estimate the 

evapotranspiration is an affective factor in water use management [29,3]. 

 In all of the approaches, the FAO-56 approach has been extensively used to derive ET and schedule 

irrigation on an operational basis. This approach is often preferred because of its simplicity and its robustness 

for operational applications. Its requires fewer input data, and provides acceptable ET estimates when compared 

to heavily parameterized physically based models [12,17,6] to measurement [24,11,8] or to satellite 

measurements [12,1,5,7,9]. crop evapotranspiration (ETc) is determined by multiplying the short grass reference 

evapotranspiration (ETo) with a growth stage-specific crop coefficient  (Kc),  which  serves  as  an  aggregation  

of  the  physical  and  physiological differences between crops and the reference condition. 
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 Several reports on the estimation of Kc are available. Doorenbos and Kassam [4] and Jensen et al. [16] have 

reported crop coefficients for many crops. These values are commonly used in places where the local data are 

not available. Allen et al. (1998) have suggested that the crop coefficient values should be derived empirically 

for each crop based on lysimetric data and  local  climatic  conditions  because  the  crop  coefficients  depend  

on  climate  conditions,  soil properties, the particular crop and its variation on irrigation methods.  

 There are two approaches to estimate crop evapotranspiration: the single and the dual crop coefficients. The  

single  crop  coefficient (single-Kc) and  dual  crop  coefficient  (dual-Kc) methods  are  used  to  estimate the  

ETc.  The  single-Kc method  is  much  simpler  and  more  convenient  than  the  dual-Kc. However, a  few  

studies  in  the  arid and semiarid  regions reported that the dual-Kc method  had  a  higher  accuracy  in  

estimating  the  ETc  than the single  one  [13,18]. Therefore, very few studies have been conducted to quantify, 

evaluate, and compare the accuracy of the single-Kc and dual-Kc methods for estimation of ETc in crop systems. 

The  comparison of the single and the dual  crop coefficient  are  to  be  used  in  this  study  because  accurate 

ETc  values  are  important  for  real  time  irrigation  scheduling  in  the  study  area.   

 The dual-Kc method independently estimates daily crop transpiration (T) and soil evaporation (Es) from 

reference grass evapotranspiration (ETo) by applying two coefficients, namely, the basal crop coefficient, Kcb, 

and a soil evaporation coefficient, Ke (dual-Kc= Kcb+ Ke). The basal crop coefficient (Kcb) is crop-specific and 

represents the ratio of ETc to ETo under conditions when the soil surface layer is dry, so that Es is minimal, but 

the average soil water content in the root zone is adequate to sustain crop transpiration at a potential rate. The 

soil evaporation coefficient (Ke) is the ratio of Es to ETo and represents the evaporation from wet soil, which 

occurs in addition to soil water evaporation included in Kcb. When using the dual-Kc method, Kcb values are 

adjusted for local climate and plant water stress conditions, and the Ke values are adjusted for surface soil 

wetness. 

 Lui and Pereira [19] evaluated the single-Kc and dual-Kc methods with measured crop evapotranspiration 

(ETc) data and concluded that the dual-Kc method gave the better results than the single-Kc method. Tolk and 

Howell [28] compared daily ETc limited and fully irrigated grain sorghum to ETc calculated using single-Kc and 

dual-Kc with ETo. As a result of their study, the single-Kc procedure significantly underestimated final 

cumulative ETc in the fully irrigated treatments by as much as 120 mm. Shi Zhang et al.[26] compared ETc with 

estimated ETc using single-Kc and dual-Kc for late rice crop.  They found that the relative error between ETc 

estimated by the single-Kc and dual-Kc methods varied within 12.4 –16.2%, and that the dual-Kc gave better 

estimates than the single-Kc method. Majnooni-Heris et al. [22] evaluated daily ETc of maize crop for two crop 

seasons using single-Kc and dual-Kc methods. They found the seasonal total ETc estimated by the dual-Kc 

method to be greater than those estimated by the single-Kc method by 78 and 68 mm during the two crop 

seasons. They also estimated the amounts of maize ETc by MSM model [22] in the experimental farm of Shiraz 

University, and MSM2 model in the experimental station of University of Tabriz, namely Karkaj. They showed 

that the MSM and MSM2 models gave better estimation for maize ETc in comparison with FAO Penman-

Monteith equation by considering both single-Kc and dual-Kc methods. Furthermore, they pointed out that the 

dual-Kc approach had a more appropriate estimation of maize ETc in comparison with single-Kc method for their 

study area. Todhiambo et al. [27] evaluated and compared the accuracy of the FAO-56 single-Kc and dual-Kc 

methods for soybean ETc estimation. The results indicate that the single-Kc underestimated ETc during the 

initial crop growth stage by 21.1% in 2007 and 33.6% in 2008 while the dual-Kc unadjusted for residue cover 

overestimated ETc during the same growth stage by 16.8% in 2007 and 16.5% in 2008. Adjustments in Es for 

every 10% of the soil surface covered with crop residue improved the accuracy of ETc estimated by the dual-Kc 

method. Results indicated that inaccurate selection of percentage reduction in Es can result in substantial 

overestimation or underestimation of seasonal ETc by the dual-Kc method. Zare Abyaneh et al. [30] showed that 

dual-Kc was more accurate than single-Kc for estimating the ETc of garlic. This can be useful for agricultural 

planning and efficient management of irrigation for cultivation of garlic in semi-arid climates. 

 The overall objective of this study is to determine the capability of FAO-56 proposed single-Kc and dual-Kc 

methods for accessing to the accurate estimation of wheat and maize ETc. The specific objectives were: (1) 

Evaluating the qualification of FAO-56 proposed coefficients for mentioned crops, and (2) Comparing the 

results of lysimetric ETc with the calculated amount by utilizing single-Kc and dual-Kc methods. The main 

purpose of this research was to evaluate whether or not the single and dual crop coefficients (single-Kc and dual-

Kc) methods proposed in FAO-56 were suitable for calculating the crop evapotranspiration (ETc) of the 

dominant crops (i.e., winter wheat and maize) in Tabriz region. 

  

MATERIALS AND METHODS 

 

 This  experiment  was  carried  out  during  the  growing  season  of  1991 to 1992 and 2000 for wheat and 

maize, respectively, in the Faculty of Agriculture, experimental farms of the University of Tabriz, Iran (latitude, 

longitude and elevation of station are 37º 03´ north, 46º 37´east and 1567.3 m above sea level, respectively). The 

climate in the experimental area is terrestrial, summers are mild and dry, and winters are cold and snowy. The 
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soil of the research area has a sandy-loam texture. The average values of field capacity, permanent wilting point 

and bulk density of soil in effective root depth are 0.28 m
3
m

-3
, 0.125 m

3
m

-3
 and 1.58 gm

-3
, respectively. The 

water holding capacity of the experimental site was observed as 140 mm in 0-90 cm profile. The investigated 

crops were sown in a drainable lysimeter located in the middle of the experimental field and surrounded by the 

same crops. The surface area of the lysimeter was 7.065 m
2
 and its depth was 2m. Agricultural practices inside 

the lysimeter and in the surrounding field were the same. 

 

2-1 Meteorological data: 

 The weather data was taken from meteorological station that is located 4km from karkaj station. The 

maximum and minimum temperature and relative humidity, wind speed and sunshine hours of study area are 

shown in figures of 1 and 2. 

 

 
 

Fig. 1: Daily maximum, minimum air temperature and relative humidity, wind speed and sunshine durations 

      during maize growing season in 2000. 

 

 
 

Fig. 2: Daily maximum, minimum air temperature and relative humidity, wind speed and sunshine durations 

      during wheat growing season in 1991-1992. 

 

 The evapotranspiration rate from a reference surface, without water lack, is called the reference crop 

evapotranspiration or reference evapotranspiration and is denoted as ETo. The concept of ETo was introduced to 

study the evaporation demand of the atmosphere independently of crop type, crop development and 

management practices. As water is abundantly available at the reference evapotranspiration surface, soil factors 

do not affect ETo. The only factor affecting ETo is climatic parameters and can be computed from 

meteorological data. According to the FAO Penman-Monteith  method  as  the  standard  method  for  the  

computation  of  ETo as it can be used for wide range of locations and climates. The FAO Penman-Monteith 

equation is used for computation of daily ETo as follows: 

                           (1)  

 where the ETo is the reference evapotranspiration (mmday
-1

); ∆ is the slope vapor curve (kPa⁰C
-1

);T is  the 

mean daily air temperature (⁰C); U2 is the wind speed at 2 m (m s
-1

); Rn is the net radiation flux density (MJ m
-

2
d

-1
); G is the soil heat flux density (MJ m

-2
d

-1
); VDP is vapor pressure deficit (kPa) in the atmosphere, and  is 

the psychrometric constant (kPa⁰C
-1

). 

 In the 1991 and 2000, the field was planted with winter wheat and maize that were sown and harvested on 

21 Nov-30 May 1991 and on 2 Aug- 8 Sep 2000, respectively. The required field data in this study was the 

measured evapotranspiration of wheat and maize by equilibrium lysimeter of Karkaj station, which its surface 

area and depth was 7.065 m
2
 and 2m, respectively. According to type of lysimeter, the maize evapotranspiration, 

ET, is determined as:  

                    (2) 

 where I, P, D and ΔW are irrigation, precipitation, drainage and soil moisture changes in lysimeter, 

respectively. The amount of ΔW  is the difference between moisture storage in the beginning and end of the 

period in lysimeter.  
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 Crop coefficient is defined as the ratio of the crop ET to the reference crop evapotranspiration and 

calculated by single crop and dual crop coefficient methods (Jensen et al., 1990; Allen et al., 1998) 

                       (3)  

 The combination of two separate processes whereby water is lost on the one hand from the soil surface by 

evaporation and on the other hand from the crop by transpiration is referred to as evapotranspiration [2]. 

 

2-2 Statistical analysis: 

 Three statistics analysis methods were used for analyzing the data:(1) root mean square error 

(RMSE),which measures the variation of predicted the values around observed values;(2) mean bias error 

(MBE),which indicates the average deviation of the predicted values from measured values, and (3) coefficient 

of residual mass (CRM), which is a measure of the tendency of the model to overestimate or underestimate, the 

measurements a negative value indicates that the majority of simulated values are greater than the observed 

values, and a positive value vice versa. 

 

RMSE=                                                                                                                                                                                         

              (4) 

MBE=                                                                                                                                                                                         

             (5) 

 

CRM=                                                                                                                                                                                           

             (6)   

 where x, y, n and i are measured, estimated data, number of d at and number of order of variable in the 

sample. 

RESULTS AND DISCUSSION 

 

 The obtained results for ETc from dual-Kc and single-Kc methods and measured lysimetric data are shown 

in table 1. 

 
Table 1: Comparing the results with lysimeter data and predicted data. 

plant 
ETc calculation method 

Dual-Kc Single-Kc Lysimeter 

Wheat 687.95 664.97 694.1 

Maize 927.24 626.46 828.55 

 

 The amounts of rainfall and irrigation for wheat and maize are shown in figures 3 and 4, respectively. Due 

to frequent rainfall during the growing season of wheat, the supplemental irrigation has been done only four 

times in the mid period of growing season, which the maximum amounts of it was 84 mmd
-1

 at day 231 of 

growing season, as a result of increasing the crop water requirement and lack of rainfall (Figure 3). Because of 

the lack of rainfall during the maize-growing season, regular irrigation with the greatest amount of 80 mmd
-1

 at 

the 74th days of growing season has been given (Figure 4).  

 

 
 

Fig. 3: Irrigation and rainfall amounts during the wheat growing season. 

 

 The separated variation of ETc, T and E from the soil surface during the growing season of wheat and maize 

are shown in figures 5 and 6, respectively. Figure 5 shows that the intensity of ETc were variable and fluctuated 

due to the climate conditions and soil moisture. These amounts has been decreased and reached to the highest 

amount at the middle period of growing season. The results indicate that the maximum daily values of ETc, T 

and E were 9.32, 9.19 and 3.28 mmd
-1

 in which occurred on days of 242, 242 and 239 after wheat planting, 
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respectively. As the figure 6 shows, the ETc amounts were high at the beginning days of growing season and has 

been gradually reduced. The figure 6 indicate that the maximum daily values of ETc, T and E were 13.28, 12.84 

and 9.59 mmd
-1

 on days of 65, 66 and 9 after maize planting, respectively. The difference between wheat and 

maize ETc at the first days of planting was depended on condition of planting in which the wheat has not been 

irrigated and it has just had supplementary irrigation at the mid period of growing season; so the intensity of ETc 

were overestimated. However, maize has been planted on irrigated condition and the estimated ETc was closed 

to the real amount of it.  

 

 
 

Fig. 4: Regular irrigation during the maize growing season (none recorded rainfall). 

 

 

 
 

Fig. 5: Trends of crop evapotranspiration, transpiration and evaporation from the soil in the field of wheat at the 

      growing season in1991-1992. 

 

 
 

Fig. 6: Trends of crop evapotranspiration, transpiration and evaporation from the soil in the field of maize at 

       growing season in 2000. 

 

 The values of ETc obtained from lysimeter and using single-Kc and dual-Kc methods for two mentioned 

crops are shown in figures 7 and 8, respectively. Figure 7 shows the good predicted values agreement between 

single-Kc and dual-Kc methods, but the lysimeter amounts were more than the predicted values in some days, for 

instance the lysimeter ETc value after 246 days from growing season was 10.4 mmd
-1

, however, the predicted 

amount were 4.75 and 5.7 mmd
-1

 as using single-Kc and dual-Kc approach, respectively. According to the 

growing period of wheat, which placed at fall, winter and spring seasons, the advection phenomenon wasn’t so 

dominant. The results of using single-Kc and dual-Kc methods hadn’t obvious difference, therefore. Despite of a 

good agreement between measured values and obtained from single-Kc and dual-Kc approach, the single-Kc 

method was underestimated the ETc values which was obvious at the first half of maize growing season. The 

dual-Kc method results for maize, which the growing season located at the end of spring and summer, was close 

to the lysimeter data due to existence of advection phenomenon. Sadraddini et al. (2012) reported the advection 

phenomenon for canola at the study area. Majnooni-Heris et al. (2012) reported the advection phenomenon after 
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half of June at canola farm for the study area, and predicted its effect on the increasing of canola ETc about 33 

percent. 

 
 

Fig. 7: Measured and estimated ETc using the single-Kc and dual-Kc methods for wheat throughout the growing 

     season 1991-1992. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Measured and estimated ETc using the single-Kc and dual-Kc methods for maize throughout the growing 

     season 2000. 

 

 Figures 9 and 10 are shown the cumulative amount of ETc for wheat and maize, respectively. The gained 

amount of ETc using single-Kc method has a good agreement with lysimetric data for wheat that was not applied 

for maize. The dual-Kc method has been gained the better results in comparison with lysimeter data. Totally, it 

is recommended that the dual-Kc method is provided a better estimation for crops which are growing on hot 

seasons as end of spring and summer being dependent to irrigation and increasing the evaporation, 

consequently.  

 
 

Fig. 9: Cumulative ETc measured by lysimeter and estimated by single-kc and dual-kc methods. 

 

 
 

Fig. 10: Cumulative ETc measured by lysimeter and estimated by single-kc and dual-kc methods. 
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 The statistical analysis are shown in table 2 that are included the RMSE, MBE and CRM results for 

measured and predicted methods. According to the table 2, the values of RMSE and MBE for using the dual-Kc 

for ETc prediction was lower than using single-Kc method. All three statistical indicators for maize had a good 

result by utilizing the dual-Kc instead of single-Kc method shows the more accuracy of dual-Kc approach on 

maize ETc prediction. 

 
Table 2: Statistical indicators results between predicted and measured data. 

Plant Model RMSE MBE CRM 

Wheat 
Single-Kc 14.06 0.76 4.19 

Dual-Kc 12.75 0.15 0.88 

Maize 
Single-Kc 11.58 7.22 24 

Dual-Kc 5.71 -3.52 -12 

 

 The performance of single and dual crop coefficient approaches to estimate ETc over growing season which 

are shown in Table 2, indicates that the single-Kc approach values was able to predict ETc with overall values of 

RMSE, MBE and CRM equal to 14.06, 0.76 and 4 for winter wheat and 11.58, 722 and 24 for maize, 

respectively. So, the single-Kc approach underestimate the ETc especially for wheat and maize with a coefficient 

of residual mass (CRM) 4.19 and 24 percent, respectively. In the case of dual-Kc approach values, the statistical 

analysis presented in Table 2 shows that this approach had a higher agreement with values of ETc in comparison 

with using single-Kc. Showing overall values of RMSE, MBE and CRM equal to 12.75, 0.15 and 0.88 for winter 

wheat and 5.71, -3.52 and 12 for maize, respectively. Also, the dual-Kc approach showed overestimation for 

maize, the best estimation of ETc for wheat have been reached. As a result, the dual-Kc approach estimate the 

ETc for wheat and maize with a coefficient of residual mass (CRM) 24 and -12 percent, respectively, that shows 

the predicted values became closer to the measured data in comparison with single-Kc approach. This analysis 

indicated that the use of dual-Kc method instead of single-Kc can be useful to reduce the error of ETc estimation 

and raise the accuracy of estimation to good water managing and irrigation scheduling.  

 

4- Conclusions: 

 This study evaluated the single-Kc and dual-Kc methods for estimation of daily ETc for two dominant crops, 

namely wheat and maize. The ETc estimates from the two methods were compared to the lysimetric-measured 

ETc data.  

 Both methods estimated ETc for the early planted crops such as winter wheat with good agreement and 

there was no significant difference between them. However, the seasonal value of single-Kc and dual-Kc 

estimated ETc were significantly different from the measured values for maize in 2000. The single-Kc method 

had under-estimated amounts from the day of planting to the end of season. However, the dual-Kc method 

showed the good agreements until 50th days before having any advection phenomena. As the pants growth, and 

the climate temperature raised, existence of advection phenomenon effecting on planted crops on lysimeter and 

shows the high amount of ETc in comparison with the predicted or calculated values. This, as a results, impact 

on cumulative amount of ETc and increase the total amount of it in comparison with predicted values. On the 

other hand, because the maize growing season is located in summer season, the single-Kc and dual-Kc approach 

haven’t an ability to apply the prominent phenomenon effect on total ETc values during the summer season. 

However, the predicted trend using dual-Kc method had appropriate values than single-Kc method. 

 The single-Kc and dual-Kc methods underestimated cumulative ETc during the 1991-1992 growing season 

by 0.88 and 4.19% for wheat, but in 2000 dual-Kc method overestimated ETc by 12% for maize. There was, 

however, poor agreement between ETc estimated by both methods and measured ETc towards the initial and end 

of season stage, which are underestimated and overestimated respectively, showing that both methods had poor 

performance for estimating wheat growing season ETc. 

 Also, comparison between the seasonal values of ETc estimated by the single-Kc and dual-Kc methods 

showed insignificant statistical difference for mentioned crops, the usage of dual-Kc for crops that are planting 

at the end of spring or beginning of summer with high amounts of transpiration due to advection phenomena and 

high temperature is recommended. 
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