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1. INTRODUCTION 

The SIMDualKc is a software application aimed at irrigation planning and scheduling that 

implements the dual crop coefficient (Kc) approach for estimating crop evapotranspiration 

(ETc) in the water balance of a cropped soil. The dual Kc methodology consists on a separate 

computation of the two components of ETc, plant transpiration, which is represented by the 

basal crop coefficient (Kcb), and soil evaporation, represented by the soil evaporation 

coefficient (Ke). Therefore, potential (maximum) ETc may be derived from reference 

evapotranspiration (ETo) as: 

ETc = (Kcb + Ke) ETo 

Adjustment (reduction) of Kcb in order to account for water stress is performed through the 

consideration of a water stress coefficient, Ks [0-1], which progressively reduces Kcb as the 

available soil water (ASW) in the root zone drops below the soil water threshold for no stress, 

p (Allen et al., 1998). Further adjustments of Kcb are needed when the crop canopy does not 

fully covers the soil during peak growth, for which a density coefficient, Kd [0-1], is used for 

reducing Kcb, following the approach of Allen et al. (1998, 2007) and Allen and Pereira 

(2009). The Ke coefficient, which is maximum when the topsoil is wet (following a large 

precipitation or irrigation), is also reduced as the topsoil dries and less water is available for 

evaporation, using an evaporation reduction coefficient, Kr [0-1]. The Kr coefficient depends 

on the cumulative depth of water depleted (evaporated) from the surface soil layer, whose 

maximum value is designated by total evaporable water (TEW), and is calculated using a 2-

stage drying cycle (Ritchie, 1972; Allen et al., 1998, 2005), where the first stage is an energy 

limited stage, and the second is a water limited stage, where evaporation decreases as 

evaporable water decreases beyond readily evaporable water (REW) in the soil upper layer. 

The aforementioned considerations imply that a daily water balance relative to the surface 

(evaporable) soil layer needs to be computed in addition to that of the root zone. 

Furthermore, the SIMDualKc incorporates the extensions proposed by Allen et al. (2005) 

aimed at improving the dual Kc methodology and the accuracy in estimating daily Ke when 

the soil surface is partially wetted and crop cover is incomplete. These extensions consist of 

dividing Ke into two components, Kei, relative to the exposed fraction of soil wetted by both 

irrigation and precipitation (fewi), and Kep relative to the exposed fraction of soil wetted by 

precipitation only (fewp). A detailed description of this procedure and its incorporation in the 

SIMDualKc model can be found in Rosa et al. (2011). 

Fig. 1 gives a summary of the procedures for computing crop evapotranspiration in 

SIMDualKc using the dual crop coefficient approach. 
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Kcb mid and Kcb end
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ETa = Kc act ETo  

Fig. 1. Flow-chart for computation of actual crop evapotranspiration with the dual Kc approach 

In complement to the dual Kc approach, the SIMDualKc model considers the impacts of 

mulching on reducing soil evaporation, of active (green) ground cover in-between crop rows 

on increasing total crop ET, and the influence of surface conditions on runoff. Deep 

percolation and capillary rise fluxes may be estimated using the simplified procedure of 

Doorenbos and Pruitt (1977) or a more detailed parametric approach (Liu et al., 2006). A 

detailed description of the theoretical basis of the model and its primary features are 

presented in Rosa et al. (2011). 

2. MODEL OPERATION 

2.1. Main menu 

The Main menu of the SIMDualKc (Fig. 2) is the central node of the application from which 

the user may access the different interfaces where required data on soil, crop, climate and 

irrigation options are loaded. It also enables the access to the simulation window (Fig. 3), 

where the aforementioned data and additional information for particular cases (utilization of 

mulches and active ground cover in-between crop rows, estimation of runoff, capillary rise 

and deep percolation), are gathered in order to recreate the field conditions and compute the 

soil water balance. 



 

Fig. 2. Main menu of the SIMDualKc model as the starting point for accessing the interfaces where 
mandatory data on crop, soil, climate and irrigation are inputted. 

 

Fig. 3. Main menu of the SIMDualKc and its link to the simulation interface, where data on crop, soil, 
climate, irrigation, mulches, active groundcover, runoff, capillary rise, deep percolation and 
intercropping, are combined in order to recreate the field conditions. 



2.2. Soil data 

The basic soil hydrologic characteristics that are considered in the SIMDualKc are the total 

available soil water (TAW), the total evaporable water (TEW) and the readily evaporable 

water (REW). The first one is a main requisite for the computation of the soil water balance in 

the root zone and the last two ones are required for the computation of the soil evaporation 

coefficient (Ke), whose value is adjusted daily according to the water balance of the soil 

surface (evaporable) layer. The definitions and calculation procedures for these parameters 

may be consulted in Allen et al. (1998; 2007). For computing the soil water balance in the 

root zone, the SIMDualKc considers the soil reservoir as a whole unit, i.e., indivisible, 

therefore TAW [mm] correspond to a single averaged value over the entire root zone; TEW 

and REW are computed for the surface soil layer, depending on the hydrologic 

characteristics and thickness of this layer.  

2.2.1. Creating soil data files 

After selecting in the main the option Soil the user should create a new soil by giving it a 

name. In order to compute TAW, the user has to specify which is the option that is intended 

to be used, the number of soil layers and to input data on depth and thickness of the soil 

layers and respective water holding capacity. The latter may be inputted using different 

options, such as: 

• Total available soil water, TAW [mm m-1] (Fig. 4a). 

• Soil water content at field capacity and wilting point, FC and WP [m3 m-3], if they are 

expressed in terms of soil volume (Fig. 4b). 

• Soil water content at field capacity and wilting point, FC and WP [kg kg-1], plus the bulk 

density of the soil [kg dm-3], if the first two are expressed in terms of soil weight (Fig. 

4c). 

• Parameters of pedo-transfer equations (validated for the Portuguese conditions only) 

such as the percentage of coarse sand, fine sand, silt, clay, and the bulk density of 

the soil [kg dm-3] (Fig. 4d). 

In order to help the user in selecting the appropriate values for TAW, FC, WP and bulk 

density when these values were not measured at the field, the model is equipped with 

auxiliary tables that relate the aforementioned parameters with generic soil textural classes 

(from Allen et al., 1998). 

 



(a) 

(b) 

(c) 

(d) 
Fig. 4. Depth and thickness of the soil layers and respective water holding capacity, expressed as: a) 
total available soil water, TAW; b) soil water content at field capacity, FC, and wilting point, WP; c) soil 
water content at FC and WP, and the bulk density of the soil; and d) parameters of pedo-transfer 
equations (validated for the Portuguese conditions only) such as the percentage of coarse sand, fine 
sand, silt, clay, and the bulk density of the soil. 

2.2.2. Surface layer characterization 

As mentioned above, the characterization of the soil surface layer is made in terms of the 

total evaporable water (TEW) and the readily evaporable water (REW), which are required 

parameters for the computation of the Ke coefficient. The model offers the following options 

for entering data: 

• Insert TEW and REW directly; as for TAW, FC, WP and bulk density, the model 

is equipped with auxiliary tables regarding standard values of TEW and REW for 

several textural classes (Fig. 5). 



 

Fig. 5. Direct input of TEW and REW supported by auxiliary tables containing standard values for 
those parameters for several textural classes. 

• Compute TEW through FC and WP (expressed in terms of soil volume), and REW 

through the relative percentage of coarse sand, fine sand and clay (Fig. 6), according 

to Allen et al. (1998). 

 

Fig. 6. Computation of TEW through the soil water content at field capacity, FC, and wilting point, WP, 
and REW through the relative percentage of coarse sand, fine sand and clay. 

• Compute TEW through FC and WP (expressed in terms of soil weight) plus bulk 

density (ρb), and REW through the relative percentage of coarse sand, fine sand and 

clay (similar to Fig. 6 but requiring the specification of ρb). 



• Compute TEW through the percentage of coarse sand, fine sand, silt and clay, plus the 

bulk density; REW is computed through the relative percentage of coarse sand, fine 

sand and clay (similar to Fig. 4d but regarding the surface soil layer). 

2.3. Crop data 

Crop characterization as considered in the SIMDualKc model follows the approach of Allen et 

al. (1998; 2007), which requires the following data: 

• dates of the start of the crop development stages: initial, crop development, mid-

season, late season (senescence/maturity), and harvest/end of season; for winter 

crops or evergreen trees and shrubs it may be required the initial and ending dates of 

the non-growing/dormant period, which may occur before or after the 

planting/initiation date; 

• root depths Zr [m], plant height h [m] and soil water depletion fraction for non-stress (р) 

at the start of each crop development stage. 

• tabled (standard) or observed basal crop coefficients (Kcb) for the initial, mid-season 

and end-season stages; the minimum value for Kc for bare soil (Kc min) should be also 

specified; 

• data for the adjustment of the potential (standard) Kcb according to crop density, which 

includes the multiplier parameter ML and the fraction of ground covered by the crop; 

in the case of row crops, additional information on the row orientation and row width is 

required;  

• the percentage of reduction in TEW and REW during periods of frozen soil to account 

for the reduction in soil evaporation (for winter crops). 

The introduction of the aforementioned data is performed using the crop interface as 

presented in Fig. 7. 

2.3.1. Adjustment of Kcb to climate and crop density 

The tabled (standard) values of Kcb, such as the ones given in Allen at al. (1998; 2007) and 

Allen and Pereira (2009), concern ‘standard’ climatic conditions, i.e., sub-humid climate with 

moderate wind speed (Allen at al., 1998; 2007). Thus, if the actual climate differs from those 

‘standard’ climatic conditions, the values of Kcb for the mid- or eventually end-season 

(if Kcb end ≥ 0.45) are internally adjusted (at runtime) for the actual climatic conditions, more 

properly considering the average wind speed and average minimum relative humidity (RHmin) 

during the aforementioned periods (Allen et al., 1998; 2007).  



In the case of crops that do not cover completely the soil during the peak growth period, as 

for fruit trees and shrubs, additional adjustment of standard Kcb according to crop density is 

required for the mid-season and end-season stages, and eventually, initial and off-season 

stages (only for evergreen fruit trees and shrubs). This adjustment is performed in a proper 

section of the crop interface, located at the bottom left corner (Fig. 7). 

 

Fig. 7. Interface for the introduction of crop data. 

In order to account for the variation of Kcb according to crop density, the model offers 4 

possibilities (Fig. 8): 

• No adjustment to the specified potential (full-cover) Kcb (Fig. 8a) 

• Adjust the potential Kcb for randomly planted crops or for crops with spherical shaped 

canopies, which do not completely cover the soil (Fig. 8b). In this case information 

about the ML parameter (Allen et al., 2007; Allen and Pereira, 2009) and the fraction 

of ground covered by the crop (fc) is required. 

• Adjust the potential Kcb for row crops or for crops with rectangular shaped canopies, 

which do not completely cover the soil (Fig 8c and 8d). In this case additional 



information besides the ML parameter and fc is required, namely the row orientation 

and row width. 

  
(a) (b) 

 
(c) (d) 

Fig. 8. Options for adjusting Kcb according to crop density, which include: a) no adjustment to the 
specified potential Kcb; b) adjust the potential Kcb for randomly planted crops/spherical shaped 
canopies according to the fraction of ground cover; c) adjust the potential Kcb for row crops/rectangular 
shaped canopies with North-South orientation according to the fraction of ground cover; d) adjust the 
potential Kcb for row crops/rectangular shaped canopies with row orientation of 45º relative to North-
South direction according to the fraction of ground cover. 

2.3.2. Fraction of ground cover – estimation of Ke 

Considering the role of the fraction of ground covered by the crop (fc) in the amount of energy 

available at the soil surface for water evaporation, hence Ke, the crop interface has a proper 

section at the bottom right of the page, where the fc values along the crop growth season 

needs to be specified; fc may be accounted in the model using 3 different approaches: 

• Using default values for fc (Fig. 9a), which are derived from the daily Kcb values, 

adjusted or not to plant density, following the approach of FAO-56 (Allen et al., 1998) 

• Specifying fc at the beginning of each crop development stage (Fig. 9b) 

• Introducing values of fc at specified dates throughout the growth season (Fig. 9c). 



a) b) 

(c) 
Fig. 9. Options for inputting the fraction of ground cover by the crop, fc, throughout the growing 
season: a) using default values for fc, which are derived from the daily Kcb values; b) specifying values 
for fc at the beginning of each crop development stage; c) introducing fc at specified dates across the 
growing season. 

2.3.3. Estimation of crop ET during non-growing/dormant periods 

Another subject that is considered for the crop characterization in the SIMDualKc model is 

the occurrence of non-growing/dormant periods, which may occur prior or after the 

planting/initiation date. This may be particularly useful for winter crops or evergreen fruit 

trees that many times present a significant growth decrease during a substantial part of their 

growing cycle due to low temperatures or frozen soil. In order to consider the effects of these 

aspects on crop ET, a lower value for Kcb accounting for a reduction of crop transpiration may 

be attributed during these periods, as much as a reduction in TEW and REW, given as a 

percentage of TAW and REW, in order to account for the reduction in soil evaporation (Ke) 

when the soil is frozen. In Figure 10a is given an example of an evergreen fruit tree (the olive 

crop) for which the dormant or lower activity period was assumed to begin in December, thus 

prior to the initiation date, which was assumed to begin in March when shoots and leaves 



begin to grow. In Figure 10b the winter wheat crop sown in October is used to exemplify the 

occurrence of a dormant period with frozen soil after the initial stage, for which a reduction of 

TEW and REW was accomplished. 

(a) 

 

 
(b) 

Fig. 10. Examples of the placement of the dormant/non-growing period within the crop growing 
season: a) before planting/initiation/beginning of growth, as for the olive crop in Mediterranean 
environments; b) after the initial stage, as for the winter wheat sown in Autumn in central Asia, for 
which a reduction of TEW and REW due to frozen soil was accomplished. 

2.4. Climate data 

Climate data requirements of the SIMDualKc model for computing the soil water balance are 

daily precipitation, reference evapotranspiration (ETo), minimum relative humidity (RHmin) and 

wind speed at 2 meters height (u2). The latter two are used in the model for adjusting tabled 

(standard) Kcb values for the mid or, eventually, end season (if Kcb end ≥ 0.45) when the actual 

climate differs from the ‘standard’ climatic conditions, i.e., sub-humid climate with moderate 

wind speed (Allen at al., 1998; 2007). The model offers two possibilities for importing the 

aforementioned climatic data into the model’s database: 1) import weather data including 

ETo; and 2) import weather data and compute ETo. The first option is to be used when the 

user has previously computed ETo elsewhere and the second allows the computation of ETo 



by the SIMDualKc for a given set of weather data files (maximum and minimum 

temperatures, wind speed, average relative humidity, etc.). 

The climate interface (Fig. 11) is the starting point for introducing new weather data in the 

database; in addition it allows the user has an overview of the climatic data already stored.  

 

Fig. 11. Introductory interface for consulting and inputting climate data in the database. 

In order to import new weather data, the user must click the New Climate Data button at the 

upper right corner of the page (Fig. 11), which brings up a new interface where information 

about the station name/code, geographic situation (latitude and altitude) and basic technical 

information (anemometer height) must be inputted (Fig. 12).  



Fig. 12. Interface for the geographic and basic technical characterization of new weather stations for 
which new climate data is intended to be imported. 

By clicking Next, the user will call on another interface where all the communication with the 

weather data files, external to the model, is performed (Fig. 13). In this window, the File path 

button allows the user to select the path for the file containing the identification of the 

weather data files (designated hereafter by reference file) which are to be imported into the 

database. Each of these weather files concern one climatic variable (Tmax, Tmin, wind speed, 

precipitation, etc.) and need to be placed in the same folder as for the reference file. 

 

Fig. 13. Interface for the communication, reading and importation of climate data from weather data 
files external to the model into the model’s database. 



2.4.1. Creating the meteorological files 

The type of climatic files and respective file extension that are accepted by the model, 

including for computing ETo, are listed in Fig. 14. As mentioned before data required by the 

SIMDualKc model for computing the soil water balance are daily precipitation, reference 

evapotranspiration (ETo), minimum relative humidity (RHmin) and wind speed at 2 meters 

height (u2). Minimum data requirements for the computation of ETo are maximum and 

minimum temperatures and a default value for wind speed. 

 

Fig. 14. Extension codes for the meteorological data files required by the SIMDualKc model, including 
the ones for computing ETo. 

The structure of each weather data file is the following (Fig. 15): 

• first line, stating the assumed code for daily time step, i.e., 31, followed by the code for 

the unit of the variable. The latter is 0 (zero) except for wind speed and sunshine 

data, which accept more than one unit, hence more than one code (Fig. 14). 

• Second line, stating the number of years and the first and last month with data. 

• Third line, indicating the starting year. 



• Fourth line and thereafter, values for the considered variable and time period, where 

each column correspond to a month, ordered by the statement in line 2 (see Figs. 17 

to 22).  

Code for daily time step

Code for the unit

Number of years of available data

First and last month of available data

Starting year for the data  

Fig. 15. Specification of the codes adopted for the meteorological data files. 

In Figures 17 to 22 are exemplified several types of climatic files, with two years of available 

data and ordered from January to December. It should be noted that inexistent days of the 

year (ex. 30 of February) are expressed as -77. These files may be easily created using 

Microsoft Excel as presented in Fig. 16. When finished, the document must be saved as 

‘Text (Tab delimited)’ with the name of the file and respective extension (.VEN, .TPA, .HUM, 

.INS, etc.) between commas as presented in Fig. 16. It must be remembered that the 

weather files must be placed in the same folder as for the file containing their reference (the 

reference file). 

 

 
Fig. 16. Creating and saving a minimum temperature file (.TPI) using Microsoft Excel. 



Looking at the files shown in Figures 17 to 22, it is noted that while for the maximum 

temperature (Fig. 17) and average relative humidity (Fig. 19) only one unit is allowed, as 

indicated by the code 0, in the case of wind speed (Fig. 21) and solar radiation (Fig. 20) 

different units for these variables are permitted, as indicated by code 1 and code 4 in the 

second row of the wind speed and solar radiation files, respectively. In this cases the code 1 

for wind speed means meters per second (m/s), as opposite to code 2 (km/h), and code 4 for 

the solar radiation file, means that the values correspond to the solar or shortwave radiation 

(MJ/m2/day), in opposition to code 1, which is sunshine hours per day (Fig. 19). 

 

Fig. 17. Example of the format of a file with daily maximum temperature (unit = ºC, code 0), 
considering 2 years of data (code 2 in the 1st column of second line) from January (code 1 in second 
line) to December (code 12 in second line), starting in 1985 (line 3). 

 

 

 

 



 

 

 

Fig. 18. Example of the format of a file with daily average relative humidity (unit = %, code 0), 
considering 2 years of data ordered from January to December starting in 1985. 

 

 

 

Fig. 19. Example of the format of a file with daily shortwave radiation (unit = MJ/m2/day, code 4), 
considering 2 years of data ordered from January to December starting in 1985. 

 

 

 



 

 

Fig. 20. Example of the format of a file with daily average wind speed at anemometer height (unit = 
m/s, code 1), considering 2 years of data ordered from January to December starting in 1985. 

 

 

 

Fig. 21. Example of the format of a file with daily reference evapotranspiration (unit = mm, code 0), 
considering 2 years of data ordered from January to December starting in 1985. 

 



 

Fig. 22. Example of the format of a file with daily precipitation (unit = mm, code 0), considering 2 years 
of data ordered from January to December starting in 1985. 

 

2.4.2. The reference file 

Examples of different combination of weather data files referenced in the reference file, are 

given in Figures 23 and 24, respectively for the option import weather data and compute ETo 

and import weather data including ETo. For both options, missing data of a given variable 

may be estimated by the model using alternative approaches as suggested in FAO-56 (Allen 

et al., 1998), as are the cases of Figures. 23c, 23d and 23e and Figs. 24b and 24c. For 

example, if the option import weather data including ETo is to be used, missing RHmin may be 

estimated from Tmax and Tmin (Allen et al., 1998) and missing wind speed data may be 

approached by an average default value specified by the user. If the option import weather 

data and compute ETo is invoked, missing average relative humidity (extension .HUM) and 

sunshine hours per day (.INS), which are needed for estimating the actual vapor pressure 

(ea) and shortwave radiation (Rs), respectively, may be substituted by Tmin, and Tmax, and Tmin, 

respectively. The reference file may be created with Microsoft Excel, after which it must be 

saved, with a proper name/code, as ‘Text (Tab delimited)’. 



     
(a) (b) (c) (d) (e) 

Fig. 23. Different combination of weather data files to be imported into the database, including the 
ones required for computing ETo: a) and b) using a full set of meteorological variables; c) full set minus 
humidity data; d) full set minus sunshine data; e) only maximum and minimum temperatures and 
precipitation. 

 
  

(a) (b) (c) 

Fig. 24. Different combination of weather data files, including ETo, to be imported into the database: a) 
full set of the required meteorological variables; b) full set minus minimum relative humidity data; c) 
missing minimum relative humidity data and wind speed data. 

2.4.3. Importing a new meteorological data file 

Once all the weather files are ready and located in the same folder as the reference file, the 

importation of data begins, as already mentioned above, by clicking on the File path button 

(Fig. 13), which allows the access to the reference file that contains the name and the type of 

weather data files required by the model, including those available for the calculation of ETo, 

if the latter is to be computed. In the next step the user must click the Read Files button 

(Fig. 25) so that the climate files may be read by the program; this should bring up the names 

of the weather files that have been read and validated against formatting errors, missing 

values, incorrect codes, etc. into the "List box" located at the bottom left of the interface. 

Finally, for computing/importing ETo and the remaining weather variables, the user must click 

one of the buttons: Import weather data and compute ETo or Import weather data including 

ETo (Fig. 25 and 26). At this point the values of the climate variables required by the model 

should appear in the table of the current interface, from which the user should examine the 

consistency of the results, namely using charts that allow a quickly and efficiently visual 

analysis. Finally, the process ends by saving the results by clicking the Save button. 



 

Fig. 25. Reading and validating meteorological data files before importing data and computing ETo. 

 

Fig. 26. Importing validated weather data and computing ETo. 



 

Fig. 27. Importing validated weather data including ETo. 

2.5. Irrigation data 

The irrigation data refers to the characterization of the irrigation system, the management 

criteria and irrigation restrictions.  

1) Data considered in the SIMDualKc for the characterization of the irrigation system are: 

• The faction of the soil wetted by irrigation, fw [0-1] 

• The maximum irrigation depth. 

2) The management criteria consist of the following options: 

• No irrigation 

• Irrigation to avoid water stress, using the concepts of maximum allowed depletion 

(MAD) and water depletion fraction for no stress, p (Allen et al., 1998), for which two 

sub-options are available: 

 MAD = p 

 MAD < p 

• Deficit irrigation, where the soil water depletion is allowed to pass the p threshold by a 

given percentage of p, thus defining MAD as a % of p beyond p. 



• Variable irrigation depths according to an upper threshold of soil water content (defined 

as a percentage of TAW) 

• Simulate a pre-defined irrigation schedule. 

3) The irrigation restrictions, both in volume and in timing, consist of: 

• Irrigation water delivered at specified dates (e.g., rotation deliveries) 

 Unlimited volume; the user may input irrigation depth directly (mm) or as a 

consequence of the percentage of TAW to be attained. 

 Limited volume; the user may express irrigation depth directly (mm) or as 

consequence of the percentage of TAW to be attained, but effective irrigation 

application will be limited by the specified available volume. 

• Restricted irrigation volume at a given period. 

In Fig. 28 is presented the interface where the aforementioned data is inputted  

 

Fig. 28. Interface where irrigation data is inputted. 

 



2.5.1. Irrigation management criteria 

As for point 2), when the option is to irrigate to avoid water stress, the model computes a 

fixed or variable irrigation depth every time the soil water depletion reaches a given 

percentage of the physiological threshold for no stress, p; therefore, the maximum allowed 

depletion (MAD) is set lower or equal to p, more properly as a % of p, which may vary or not 

according to the crop development stage (Fig. 29). 

 

Fig. 29. Example of setting irrigation to avoid water stress, with MAD being inferior to p during mid-
season and end-season. 

If water stress is intentionally allowed, as for deficit irrigation, the soil water depletion is 

allowed to pass the p threshold, i.e., MAD > p. In the SIMDualKc, the user should specify the 

MAD threshold for each crop development stage as a % of p beyond p (Fig. 30). 

 

Fig. 30. Example of setting deficit irrigation, defining MAD as a percentage of p beyond p for each 
crop development stage. 

Still focusing on point 2), the irrigation depths computed by the model can be set according 

to the amount of soil water storage to be reached after irrigation (Fig. 31), if not constrained 

by the irrigation system, generally defined as a percentage of TAW. This % of TAW may be 

fixed or it may vary according to the crop development stage. 

 

Fig. 31. Example of defining a variable upper limit of soil water storage to be reached with irrigation, 
defined as a % of TAW, in addition of practicing deficit irrigation. 



The last option of point 2), refers to the possibility of simulating a pre-defined irrigation 

schedule, where irrigation depths and dates are fixed (Fig. 32). This option is generally used 

with field measured soil water content to calibrate and validate the model as described for 

various case studies in Rosa et al. (2011). 

 

Fig. 32. Example of the introduction of a pre-defined irrigation schedule. 

2.5.2. Irrigation restrictions 

The model is able to consider water restrictions both in volume and in timing (point 3), which 

are subdivided in two types: 

• Restricted delivery schedules, e.g., rotation deliveries where irrigation water is 

delivered at specified dates, having limited or unlimited volumes. In cases where the 

interval between dates and the irrigation depths are fixed, the schedules can be set 

automatically and sequentially. Thus, like presented in Fig. 33, the user may specify 

the first irrigation date, a fixed interval between irrigation events and a fixed irrigation 

depth, and then by clicking the Set button, these values will automatically be created. 

A subdivision for this type of water restrictions was created: a) rotation deliveries with 

unlimited volumes (Fig 33a); and b) rotation deliveries with limited volumes (Fig. 33b). 

For both cases the irrigation depth can be directly inputted (option in mm) or it may be 

a consequence of the % of TAW that is intended to be reached (option in % TAW). In 

the case of option a) the user should also input the maximum available volume. 

 

 

 

 



(a) 

 
(b) 

Fig. 33. Example of a rotation delivery schedule for which irrigation depth is computed as a 
consequence of the percentage of TAW to be attained, in the case of having: a) unlimited irrigation 
volume; b) limited irrigation volume. 

• Restricted irrigation volumes during certain periods, in which the user must identify 

those periods (interval between two dates) and the correspondent available volume 

(Fig. 34).  

 

Fig. 34. Example of a restriction on irrigation water availability during certain periods. 

2.6. Capillary rise and deep percolation data 

The capillary rise and deep percolation fluxes correspond to an upward flux from any shallow 

water table into the root zone, and a downward flux of excess infiltrated water out of the root 

zone, which may recharge the water table. The capillary rise (CR) and deep percolation (DP) 

components may be estimated in SIMDualKc using two alternative methods:  

i) Using a simplified procedure described in Doorenbos and Pruitt (1977) in which: 



• all DP occurs during the same day as when excess water is applied, being 

automatically computed by the model without any input data requirements. 

• CR is estimated using pre-determined values of potential groundwater contribution 

Gmax (mm d-1), which are adjusted according to the available soil water (ASW). Data 

requirements for CR computation may consist of a constant potential groundwater 

contribution Gmax (mm d-1) or specified, varying Gmax values at specific dates 

throughout the crop growth period. 

ii) Using the parametric equations proposed by Liu et al. (2006). In order to compute CR this 

option requires the knowledge and calibration of selected soil water parameters, as well as 

leaf area index (LAI) and water table depths (WTdepth). Appropriate soil parameters are also 

required for computing DP. 

The access to the interface where CR and DP data are inputted is made from the simulation 

interface by clicking the Edit/New button in the section Capillary Rise and Deep Percolation 

(Fig. 35).  

 

Fig. 35. Access to the capillary rise-deep percolation parameterization interface from the simulation 
interface. 



Fig. 36a and 36b exemplify the utilization of the approach of Doorenbos and Pruitt (1977) in 

the case of using a constant Gmax value or variable Gmax values, respectively. 

 
(a) 

 
(b) 

Fig. 36. Inputting data for capillary rise estimation using the approach of Doorenbos and Pruitt (1977) 
in the case of using: a) a constant potential groundwater contribution, Gmax [mm d-1]; b) specified, 
varying values for Gmax throughout the crop growing season. 

The utilization of the parametric approach of Liu et al. (2006) for computing CR is exemplified 

in Fig. 37, where the values for the parameters a1, b1, a2, b2, a3, b3, a4, b4, which may be 

initially derived from Fig. 38 (i.e., prior to calibration), are specified as well as the leaf area 

index (LAI) and water table depths (WTdepth) for specific dates along the crop growth period. 



 
Fig. 37. Inputting data on water table depth, WT Depth, leaf area index, LAI, and values for the a1, b1, 
a2, b2, a3, b3, a4 and b4 parameters for capillary rise estimation, and a and b parameters for deep 
percolation estimation using the parametric approach of Liu et al. (2006). 

 

Fig. 38. Standard values for the a1, b1, a2, b2, a3, b3, a4 and b4 parameters for capillary rise estimation 
for three different soil types (taken from Liu et al., 2006). 

2.7. Surface runoff data 

For estimating surface runoff the SIMDualKc model uses the curve number (CN) approach, 

which is a simple empirical model for estimating bulk runoff volumes generated by large rain 

storms, developed by the Soil Conservation Service, USDA-SCS (1972). The value for CN is 

selected from standard tables (e.g. Allen et al., 2007), where it is related to general crop and 

soil type and refers to the antecedent soil moisture condition AWC II, i.e., an intermediate 

moisture situation. Then CN is adjusted for the actual soil water content prior to the wetting 

event. In the SIMDualKc model, CN is adjusted each day to reflect the impact of increase or 

decrease of the soil water content on soil infiltration properties.  



For introducing data for surface runoff estimation the user should access the surface runoff 

interface from the simulation interface, by clicking the Edit/New button (Fig. 39).  

 

Fig. 39. Access to the interface for surface runoff estimation from the simulation interface. 

Then, for choosing the most appropriate CN value the user may consult the auxiliary table 

where the CN values are related to general crop and soil type (Fig. 40), after which he must 

input the chosen value for CN, as presented in Fig. 40. 



 

Fig. 40. Auxiliary table expressing variable curve number, CN, values for antecedent soil moisture 
condition AWC II as related to general crop and soil type. 

2.8. Mulches 

Mulches are used to reduce evaporation losses from the soil surface, to moderate soil 

temperature fluctuation in the top soil layer to accelerate crop development during early crop 

stages, to control erosion and enhance infiltration, or to assist in weed control. Mulches may 

consist of organic plant materials, plastic sheets, or gravel and small stones. Mulches impact 

soil evaporation by reducing the amount of energy available at the soil surface by increasing 

albedo and by insulating the soil surface from radiation and convective heat transfer.  

In the case of plastic mulches, their impacts in soil evaporation are modeled in the 

SIMDualKc by restricting the computation of Ke to the area of the vent holes plus the area in-

between plastic sheets or in-between crop rows (if the latter is larger than the first), which are 

wetted by irrigation and precipitation, respectively. The data required in the SIMDualKc 

model for the characterization of the plastic mulch aiming at the Ke calculation are: 

1) If the plastic sheet completely covers the soil surface (Fig. 42): 

• Spacing between crop rows 

• Spacing between holes along a row 

• Hole diameter 

2) If the plastic sheet partially covers the soil surface (Fig. 43): 

• Fraction of soil covered by the plastic film 



• Number of crop rows per plastic sheet 

• Spacing between holes along a row 

• Hole diameter 

For both cases the date of installation of the mulch must be specified. The fraction of soil 

covered by the mulch may be updated throughout the crop growing season in order to 

account for damages that may occur in the plastic film. 

The access to the surface runoff interface is made through the simulation interface, by 

clicking the Edit/New button (Fig. 41).  

 

Fig. 41. Access to the interface for mulch characterization from the simulation interface. 

Figures 42 and 43 exemplify the input of data used for mulch characterization in the case of 

a complete cover plastic sheet and for a partial cover plastic sheet, respectively. In both 

cases the fraction of soil covered by the mulch was updated, which was accomplished by 

clicking the Update button and inputting a new value for the fraction of soil covered by the 

mulch and the respective date. The process is finished by clicking the Save button at the 

bottom of the page. 



 
Fig. 42. Inputting data for the characterization of a full cover plastic mulch, including the date of 
installation, fraction of soil cover, spacing between crop rows, spacing between holes along a row and 
hole diameter. 

 

Fig. 43. Inputting data for the characterization of a partial cover plastic mulch, including the date of 
installation, fraction of soil cover, number of crop rows per plastic sheet, spacing between holes along 
a row and hole diameter. 

In the case of organic mulches the mulch density and depth, and the fraction of the soil 

surface covered by the mulch determines the amount of reduction in evaporation from the 

soil surface. The approach adopted in the SIMDualKc for modeling the reduction in soil 

evaporation consists on specifying the following information (Fig. 44): 



• percentage of reduction in soil evaporation; a general rule applied to mulched surfaces 

is to reduce the amount of soil water evaporation by about 5% for each 10% of soil 

surface that is covered by the organic mulch (Allen et al., 1998), which is the one 

used as default. 

• Mulch density [0-1] 

• fraction of soil covered by the mulch [0-1] 

As for the plastic mulches the date of installation of the mulch must be also specified and the 

user may update the values for mulch density, fraction of soil covered by the mulch and % of 

reduction in soil evaporation (Fig. 44). 

 
Fig. 44. Inputting data for the characterization of a full cover organic mulch, including the date of 
installation, fraction of soil cover, mulch density and percentage of reduction in soil evaporation due to 
mulch cover. 

2.9. Active (green) groundcover 

Orchards and vineyards often have an active green ground cover during the rainy season 

that protects the soil from erosion. However, the active ground cover competes with fruit 

trees or bushes for available soil water and contributes to the total evapotranspiration of the 

orchard. Thus, in order to consider the contribution of the active groundcover on total ETc, 

the approach of Allen et al., (2007) and Allen and Pereira (2009) that computes a combined 

Kcb for the crop and active groundcover is adopted in SIMDualKc. However, the 

aforementioned approach is a simplified procedure that only computes an adjusted 

(combined) Kcb for the mid-or eventually end-season, while the values of Kcb for the remaining 

crop development stages are computed through linear interpolation based on Kcb mid and Kcb end. 



Therefore, with this simple approach, the usual management of the active groundcover in 

order to reduce its competition for water via tillage practices or via application of herbicides 

cannot be properly simulated. Thus, based on the concepts of Kcb computed for natural 

vegetation that fully covers the soil (Kcb full), density coefficient (Kd) and combined Kcb 

(Kcb crop+groundcover), introduced by Allen et al. (1998; 2007) and Allen and Pereira (2009), a 

new procedure that accounts for the aforementioned management of the active groundcover 

was implemented in the SIMDualKc model. A detailed description of this procedure is given 

in Rosa et al. (2011). 

The introduction of data for the characterization of the active groundcover is made using the 

active groundcover interface which may be access from the simulation window (Fig. 45). 

 

Fig. 45. Accessing the interface for active groundcover characterization from the simulation interface. 

 

 

 



The modeling approach implemented in the SIMDualKc for computing the combined Kcb 

(Kcb crop+groundcover) requires the following steps: 

1) Introducing initial values for (Fig. 46): 

• the fraction of the active groundcover [0-1] 

• the density of the active groundcover [0-1] 

• the height of the active groundcover [m] 

2) Introducing a value for a reduction coefficient [0.5-1] for reducing the ET of the active 

groundcover when it is shaded by the crop canopy (Fig. 46). 

 

Fig. 46. Inputting initial values for the characterization of the active groundcover, including the fraction 
of the active groundcover, density and active groundcover height; additionally the coefficient to 
attenuate groundcover ET at shade is specified. 

3) Updating the values of step 1 throughout the growing season, for example before and 

after a given tillage operation or application of herbicides; in the latter case, since the active 

vegetation will dry out, it may behave like a mulched surface, thus data for mulch 

characterization may be required. The following data is needed for updating values of step 1 

(Fig. 47 to 49): 

• tillage operation date 

• fraction of the active groundcover before and after the operation 

• density of the active groundcover before and after the operation 

• active groundcover height before and after the operation 

• if herbicides are used, the fraction of the soil that contains the mulch (dry vegetation), 

the mulch density and the percentage of reduction in soil evaporation due to mulch 

cover. 

The procedure for updating the values begins by clicking one of the buttons: Input operation 

or Update fc (Fig. 47), and entering the new values for the aforementioned data. Then, the 

updated values must be saved by clicking the Save Operation button (Fig. 46), which brings 

up the previously introduced values into the table at the bottom of the page (Fig. 48). 



Fig. 47. Updating the initial values of the fraction of the active groundcover, density and active 
groundcover height immediately before and after a cut of the active groundcover. 

 

Fig. 48. Saving the updated values of the fraction of the active groundcover, density and active 
groundcover height immediately before and after a cut of the active groundcover. 

Fig. 49 gives an example concerning the application of two cuts in the active vegetation 

followed by the application of an herbicide, which turned the active vegetation into mulch. 

Finally, all the information (initial and updated values) must be saved, by clicking the Save 

button at the bottom of the page. 

 

Fig. 49. Updating the initial values of the fraction of the active groundcover, density and active 
groundcover height immediately before and after two cuts and an application of a herbicide; in the 
case of the latter, the dead vegetation is characterized for its mulch effect by inputting the fraction of 
the mulch, its density and the expected percentage of reduction in soil evaporation due to mulch 
cover. 

 



2.10. Intercropping 

Intercropping corresponds to the situation where two different crops are grown together 

within one field. Thus, the corresponding ETc may be approached by estimating a combined 

Kcb for the two crops, for which a distinction is made between (Allen et al., 1998): 

• Contiguous vegetation, where the canopies of the two crops intermingle at some height 

(e.g., corn and beans intercropping); 

• Overlapping crops, where the canopy of one crop is well above that of the other so that 

the canopies cannot be considered to be contiguous (e.g., date trees overlapping 

pomegranate trees at an oasis) 

In the SIMDualKc the computation of the combined Kcb is different for the two cases, 

following approach of Allen et al. (1998). 

The modeling approach followed in the SIMDualKc for combining two different crops has the 

following steps: 

1) Individual characterization of each crop in terms of the dates of crop development 

stages, depletion fraction for no-stress (p), root depths, crop height, Kcb values for the 

initial, mid-season and end-season periods, and the fraction of groundcover (fc) 

throughout the growing season (Fig. 50). It must be noted that the specified Kcb mid and 

Kcb end values for each crop must refer to full-cover conditions, contrarily to the fc 

values, because during the computation of the combined Kcb, those individual full-

cover Kcb values are adjusted for the actual fraction of groundcover of each crop; 

 
Fig. 50. Inputting data for two crops to be combined later in the intercropping interface. 



2) accessing the intercropping interface, which is done by clicking the Edit/New button 

located at the section concerning the crop in the simulation interface (Fig. 51); 

 

Fig. 51. Accessing the intercropping interface from the simulation interface. 

3) Selection of the two crops to be combined among the crops stored in the database; 

4) Specification of the intercropping case, i.e., contiguous vegetation or overlapping 

crops, and the fraction of ground covered by each crop. 

 

Fig. 52. Combination of spring wheat and summer maize crops through the intercropping interface, 
with the specification of the fraction of groundcover of each crop. 

 



2.11. Combining data to simulate field conditions 

All the data described in the previous sections should be combined in order to constitute an 

interacting or interdependent system recreating the field conditions. The place where that 

combination of data is made is the simulation window (Fig. 53), where the user must select 

the previously created data on crop, soil irrigation, climate, mulches, etc. This is done by 

clicking the combo boxes of each section of the simulation window. When the desired 

combination of data is ready, the user should click the Initiate Simulation button, so that the 

model computes the soil water balance and create an irrigation plan or schedule. 

 
Fig. 53. Simulation interface, where previously created data on crop, soil, climate, irrigation, mulches, 
active groundcover, precipitation runoff, capillary rise and deep percolation, and intercropping are 
combined in order to recreate field conditions. 

The main results of the SIMDualKc are the actual crop ET (ETa), or its partition into plant 

transpiration, T (or Ks Kcb), and soil evaporation, E (or Ke), and the other water balance 

components, such as, surface runoff, deep percolation, capillary rise, soil water storage, and 

the irrigation dates and depths, i.e., the irrigation schedule, which may be consulted using 

the table or the graphs in the simulation interface (Figs. 54 and 55). ETa, or T and E, and the 



soil water storage are usually used for model calibration against observed (measured) 

values. 

 

Fig. 54. Presentation of results of the SIMDualKc model in a table of the simulation interface. 

The SIMDualKc offers the possibility of exporting the aforementioned results into an external 

file (.txt or .xls), so that the user may manipulate the results according to his particular 

objectives. In order to export results, the user should click the Export to a txt file button at the 

top right corner of the simulation window, and select the path for the file. 



 

Fig. 55. Graphical visualization of the results of the SIMDualKc model at the simulation interface. 
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