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ABSTRACT 

Current And Predicted Irrigation Management (CAPIM) model 

was designed to predict and improve irrigation water 

management. Its inputs include daily weather data and the 

outputs are daily evapotranspiration that could be estimated 

under current conditions using Penman-Monteith equation (P-

M), and under climate change using Hargreaves-Samani 

equation (H-S); and determine the irrigation timing and the 

amount of water needed for each irrigation event. The CAPIM 

model was used to develop irrigation schedule for corn crop at 

different geographic regions in Egypt as (El-Dakahlia; El-

Fayoum and Assuit) under RCP8.5 scenario and MIROC- ESM 

climate model during 2018s, 2040s, 2080s. The model was also 

used to determine the best adaptive strategy for conforming to 

the predicted climate changes. CAPIM results were verified by 

comparing them with results from two known programs 

(CropWat-8 and ETo-Estimation). The results showed that 

CAPIM was obtained to predict the ETo values under current 

and predicted climate conditions accurately where the 

agreement value was 0.99. Gross irrigation results during the 

projected periods 2040s and 2080s are higher than 2018s in the 

three selected sites. El- Fayoum Governorate was the highest in 

terms of the number of irrigations and the percentage of 

increasing GIR. As GIR increased by 28% in 2080s and 29 % in 

2040s with 18 hills totaling (2008 and 2077 mm/season), 

respectively. Moreover, increasing system efficiency by 5 % or 

10 % was the best adaptive strategy as it increased the potential 

yield by about 9 % and 18 % and the WP by 9.4 % and 18.7 %.  
 

1. INTRODUCTION 

gypt is water stressed because of aridity, limited natural water resources and increased 

water demand (Abdel Meguid, 2017). The Nile is the main source for water supply in 

Egypt. It provides 55.5 billion m3 year-1 that accounts for quite 90% of the water 

budget, while the remaining (10%) comes from renewable and fossil groundwater beside 

E 
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rainfall (Abdel-Hafez, 2011). The agriculture sector is the main consumer of water, which 

consumes 80-85% of water resources. With only 30% is effectively utilized by the crop, the 

remaining is wasted by poor management practices and deep percolation (Mahmoud and El-

Bably (2017).  

Climate has a significant function in the crop yield. More studies showed that over the next 

hundred years, agriculture yield will likely be severely affected due to unprecedented rates of 

changes in the climate system (Thornton et al. 2011). Globally, changes in climate are 

predicted to impact patterns of rainfall and other climatic variables that may lead to 

significant changes in water supply in many regions and poses an additional threat to water 

security (Hagemann et al., 2012; Arnell et al., 2011). Climate change would have impacts 

on water consumption pattern and crop growth, as well as the required irrigation water 

quantity for well crop growth (Wang et al., 2016).  

A theoretical basis for designing the management of agricultural water resources and 

irrigation water conservation facilities depends on exploring the changes in crop water 

requirement (𝐶𝑊𝑅) and irrigation requirement (𝐼𝑅) under the circumstance of climate change.  

Computer models of the climate system are the best tools available for climate variability and 

change simulation. According to IPCC (2001), confidence on these models reliability for 

climate projections has improved based on tests of the ability for the present average climate 

simulation, including the annual cycle of seasonal changes, year-to-year variability, extreme 

events, such as heat waves and storms, climates from thousands of years ago, and observed 

climate trends in the recent past. 

With the expected low water supplies in Egypt, sustainable irrigation water management 

water management in agriculture under climate change becomes increasingly important to 

match water availability and water needs in quantity and quality, in space and time, at 

reasonable cost and with acceptable environmental impact. Knowledge of crop 

evapotranspiration allows better scheduling of irrigation, resolving problems in the field of 

hydrology and meteorology, improving water management, and precisely providing the water 

needs for crops. Therefore, for sustainable development and water management, the exact 

water loss estimation through actual evapotranspiration is necessary (Irmak and Irmak, 

2008).  Various equations are available for estimation evapotranspiration. They include most 

complex equations such as Penman-Monteith equation (Allen et al., 1989) that requires 

detailed climatological data. They also include simple equations that require confined data 

such as Blaney & Criddle and Hargreaves & Samani equation (Shahidian et al., 2012).  

In Egypt, adaptation in the agrarian sector is highly significant, where water use in agriculture 

is the greatest among all water users. According to Abouelenein et al. (2009), developing 

adaptation strategies to reduce climate change risks requires understanding of the climate 

change potential impacts.  

The main objectives of this study are: (1) Developing CAPIM model to predict and improve 

irrigation water management. (2) using CAPIM model to develop irrigation schedule for corn 

crop at different geographic regions in Egypt such as (El-Dakahlia; El-Fayoum and Assuit) 

under RCP8.5 scenario and MIROC- ESM climate model during 2018s, 2040s, 2080s; and (3) 

determining the best adaptive strategy for conforming to the predicted climate change under 

the same climate scenario and model.  
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2. METHODOLOGY 

Study areas 

The study area composed of three governorates (El-Dakahlia, El-Fayoum and Assuit) located 

at different geographic regions in Egypt (Lower, Middle, and Upper Egypt). These 

governorates have different weather conditions. They are also having the largest cultivated 

area distributed for corn (BAS, 2014). 

 

Weather data  

Daily meteorological data such as: 𝑇𝑚𝑎𝑥 ,𝑇𝑚𝑖𝑛 (℃), wind speed (𝑢2, 𝑚/𝑠), 𝑅𝐻𝑚𝑎𝑥,𝑅𝐻𝑚𝑖𝑛(%) 

and rainfall (mm/day) were obtained from the following website 

https://www.worldweatheronline.com.  The predicted climate data such as predicted (𝑇𝑚𝑎𝑥 , 

𝑇𝑚𝑖𝑛 ,℃), predicted solar radiation 𝑅𝑎   (MJ  𝑚−2 day−1), and predicted rainfall (mm/day) 

were obtained from http://gismap.ciat.cgiar.org/MarksimGCM for "MIROC-ESM" climate 

model with the "RCP8.5" scenario through 2040s and 2080s to calculate the reference 

evapotranspiration under the current condition and under climatic changes. 

 

Soil data 

The soil parameters that were determined for this study included soil texture, soil type, and 

available water capacity (AWC, mm/m). These parameters vary among the regions on which 

this study was conducted. The soil texture was clay, sandy clay loam, and sandy loam in El-

Dakahlia, El-fayoum and Assuit, respectively. The AWC were 192, 183 and 125mm/m, 

respectively. 

 

Crop data 

The crop input data for the CAPIM in the three governorates' is shown in Table 1. 

 

Model description 

The model which is called CAPIM “Current and Predicted Irrigation Management”. CAPIM 

is a computer- based irrigation decision support system that was designed and implemented 

using Oracle Developer Suite 10g (forms, reports), and Oracle Database10g (PL/SQL 

Language). This model was used to predict and analyze the effects of short and long-term 

climate changes on irrigation water management in Egypt for different crops under some of 

the Representative Concentration Pathways (RCP) using downscaled climate projections from 

the many General Circulation Models (GCMs) included in the Coupled Model Inter-

comparison Project Phase 5 (CMIP5). And it also analyzes and evaluates strategies used for 

adapting to climatic changes so as to mitigate its negative effects on agriculture in Egypt.  

CAPIM model is comprised of three basic modules; the first module is the Area Module, the 

second module is the Irrigation Management Module under Current Climate conditions 

(IMMCC) and the third module is the Irrigation Management Module under Predicted 

Climate change (IMMPC) these modules require an important input data items to make 

calculation and get results as shown in the following flow chart. Also, the model presents the 

results in form of tables and printed reports. 

https://mjae.journals.ekb.eg/?_action=article&issue=27860&sb=2409&_sb=Agricultural+Irrigation+and+Drainage+Engineering
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Table (1): Initial input data for corn crop in the selected Governorates. 

               Variables El-Dakahlia Fayoum Assuit 

Crop name  Corn crop 

Planting date 15-May 1-May 

Crop height 2  m 
Management Allowable Depletion (MAD) 55  % 

Current length of each growth stage (days) Initial =20   Dev = 35   Mid = 40   Late = 30 

Lower threshold temperature (Tbase
 ) 8  oC 

Upper threshold temperature (Tuppe
 ) 30  oC 

Minimum effective rooting depth (Zn) 0.3   m 
Maximum effective rooting depth (Zx) 0.9 m 
Time to reach 90 % crop emergence(to) 10 (days) 
Time to reach the maximum root (tx) 80 (days) 
Shape factor of root zone expansion(n) 1.3 
Yield response factor (Ky) 1.25 
Irrigation method Surface irrigation 

Model validation 

Evaluation is an important step of model verification. The CAPIM model was verified under 

current and predicted management by comparing its results with the outputs from some ready-

to-use software programs such as CropWat-8 Windows version 8.0, introduced by Smith et 

al. (2007) in case of current management, and ETo-Estimation program, introduced by Milan 

and Trajkovic (2010) in case of predicted management, for the estimation of reference 

evapotranspiration ETo, as assessing changes in ETo is considered a crucial factor in water 

management on field level. Different statistical indices including (R2), regression 1:1 and root 

mean square error (RMSE) according to France and Thornley (1984) were employed to find 

out how accurate the CAPIM program is to rely on its accounts. 

Model application  

After model validation, the model used the weather data for the three selected governorates 

through 2018s, 2040s and 2080s under "MIROC-ESM" climate model with the "RCP8.5" 

climate scenario, crop parameter and the soil characteristics for predicting and improving the 

irrigation water management.  These were obtained by estimating the irrigation water applied 

to the root zone, developing irrigation scheduling and strategies for decreasing the irrigation 

water demand and increasing the productivity for corn crop by the following equations in this 

order: 

Calculating the effective root depth FAO (2017): 

𝑍𝑟 = 𝑍0 + (𝑍𝑥 − 𝑍0) √
𝑡 −  

𝑡0
2

𝑡𝑥 − 
𝑡0
2

𝑛

    ……………. (1) 

Where; 𝑍0 = starting depth of the root zone (m); 𝑍𝑥= maximum effective rooting depth (m); n 

= shape factor describing root zone expansion; t = time after planting (days or growing degree 

days); 𝑡0 = time to reach 90 % crop emergence (days or growing degree days); 𝑡𝑥 = time after 

planting when Zx is reached (days or growing degree days); and 𝑍𝑛  = the minimum effective 

rooting depth (m). 
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Fig. (1): CAPIM Model schematic diagram. 
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 Continued Fig. (1). 
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Continued Fig. (1). 
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Continued Fig. (1). 
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Calculating the total and readily available water as in (FAO 1998): 

    𝑇𝐴𝑊 = 𝐴𝑊𝐶 × 𝑍𝑟     ………………..… (2) 

Where; AWC = Available water holding capacity (mm/m) and 𝑍𝑟= Effective root zone depth 

(m)  

𝑅𝐴𝑊 = 𝑀𝐴𝐷 × 𝑇𝐴𝑊  …….………….…… (3) 

Where; 𝑅𝐴𝑊 = Readily available water (mm) and 𝑀𝐴𝐷 = Soil water depletion fraction (%) 

Calculating soil water depletion (𝑫𝒊, mm) according to (FAO 1998): 

The world-wide accepted and practiced method, by irrigation researchers and professionals 

for irrigation scheduling; is the soil-water balance method. This method is computed 

consistent with crop water use and rainfall by the subsequent equation: 

   𝐷𝑖 =  𝐷𝑖−1 + (𝐸𝑇𝑐 −  𝑃𝑒)𝑖    ………….…… (4) 

Where: 𝐷𝑖 = Soil water depletion (mm) on day I, 𝐷𝑖−1  = Soil water depletion on day i-1 

(mm), for the first day equal zero and 𝑃𝑒 = Effective rainfall (mm) 

Calculating gross irrigation requirements (𝑮𝑰𝑹, mm), (FAO 1998): 

Gross irrigation requirements are the actual amount of water supplied to satisfy crop 

evapotranspiration and or percolation/seepage observed under field conditions, 𝐺𝐼𝑅 was 

calculated by taking into account the leaching requirements and the irrigation system 

efficiency'' Surface irrigation was 55% in this study ''. 

 

𝐿𝑅 =  
𝐸𝐶𝑤

5 𝐸𝐶𝑒− 𝐸𝐶𝑤
   .………………………….…. (5) 

 

𝐺𝐼𝑅 =
N𝐼𝑅

𝐸𝑎
100⁄ (1−𝐿𝑅)

      𝑖𝑓  𝐿𝑅    0.1  ………… (6) 

Where;𝐿𝑅 = the leaching requirement ratio for surface irrigation system (dimensionless), 𝐸𝐶𝑤 

= Electrical conductivity of the irrigation water (dS/m), 𝐸𝐶𝑒 = Electrical conductivity of the 

soil saturation extract for a given crop appropriate to the tolerable degree of yield reduction 

(dS/m), 𝐺𝐼𝑅   = Gross irrigation water depth (mm) and 𝐸𝑎 = Field application efficiency, %. 

Applying strategies for corn crop under climate change condition: 

Three adaptation strategies were considered for corn crop: delaying the planting date, 

applying water stress and increasing the irrigation system efficiency. The impact of these 

strategies on the crop productivity, desired irrigation water quantities and on water use 

efficiency was studied by using the described equations below. Efficient strategy is the one 

that increases the yield, reduces irrigation water demand and increases water productivity 

under the tested climatic change model and scenario. The Wp is a useful indicator for 

quantifying the impact of irrigation scheduling decisions with regard to water management 

(Ali and Talukder, 2008). 

1. Delay in the Planting Date 

The planting date is an important determinant of crop production and water use and it was 

calculated by the following equation: 
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        𝑌𝑝 =
Ya  x  The whole lengh of the growth stage after delaying planting  

 The Whole  lenght of crop growth stage before delaying planting 
  ……… (7) 

Where: 

𝑌𝑎 = Total actual yield (kg/fed), and 𝑌𝑝= Potential yield after delaying the planting date 

(kg/fed). 

 

2. Applying Irrigation Water Stress 

Water stress coefficient 𝐾𝑠  is given by the equation (8) that was given by Savva and 

Frenken (2002). The decrease in relative yield (1 −  
𝑌𝑎

𝑌𝑚
)  𝑜𝑟 𝑌𝑟  is consistent with the 

decrease in relative evapotranspiration (1 −  
𝐸𝑇𝑎

𝐸𝑇𝑐
) given by the formula (10) as described by 

FAO (1979) and illustrated in order as follows:                         

𝐾𝑠= 1- (
𝐷𝑒𝑓𝑖𝑐𝑖𝑡

100
)       if   𝐷𝑖   𝑅𝐴𝑊 ……… (8) 

 

𝐸𝑇𝑎 = 𝐾𝑠 × 𝐸𝑇𝑐…………………………. (9) 

 

(1 −  
𝑌𝑎

𝑌𝑚
) = 𝐾𝑦 (1 −  

𝐸𝑇𝑎

𝐸𝑇𝑐
) ……….……… (10) 

 

If there are yield reduction   

𝑌𝑝1 = 𝑌𝑎 𝑥 𝑌𝑟  ………………..………..… (11) 

 𝑌𝑝 = 𝑌𝑎 −  𝑌𝑝1 …………..……………… (12) 

Where: 𝐷𝑒𝑓𝑖𝑐𝑖𝑡  = Soil water depletion (Di, mm) on day i, (1 −  
𝑌𝑎

𝑌𝑚
)  𝑜𝑟 𝑌𝑟= Relative yield 

reduction %, (1 −  
𝐸𝑇𝑎

𝐸𝑇𝑐
)= Relative evapotranspiration deficit %, 𝑌𝑎 = actual crop yield (kg), 

𝑌𝑚 = maximum crop yield (kg) , 𝐾𝑦  = a yield response factor, dimension less; 𝐸𝑇𝑎 = Actual 

crop evapotranspiration (mm/day) and  𝐸𝑇𝑐 = Crop evapotranspiration for standard 

conditions (mm/day), 𝑌𝑝1= the decreased amount in actual yield due to the yield reduction 

(kg/fed), and 𝑌𝑝= Potential yield after applying water stress (kg/fed). 

 

3. Increasing the Irrigation System Efficiency 

The user determines the rate of increase in irrigation system efficiency through the CAPIM 

model which affects the water demand of irrigation network by the following equation:  

   Yp =
Ya  x  Efficiency of the irrigation system after eff.increment   

  Efficiency of the irrigation  system before eff.increment
 ……….... (13) 

Where: 𝑌𝑝= Potential yield after improving the irrigation system efficiency (kg/fed),  

 And   𝑌𝑎 = Total actual yield (kg/fed) 

Finally, calculating the 𝑊𝑃 in each strategy by the following equation: 

                𝑊𝑃 = 
𝑌𝑝

𝐸𝑇𝑎 𝑥 4.2
  …………………………..……..………………… (14) 

Where: 

 𝑊𝑃 = Crop water productivity (kg/m3) and  𝐸𝑇𝑎 = Actual crop evapotranspiration (mm/day). 
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3. RESULTS AND DISCUSSION 

CAPIM model verification for current and predicted ETo calculation. 

Dakahlia Governorate was selected as one of the most important governorates present in the 

study cases to create a verification for the CAPIM model through estimating the reference 

evapotranspiration where the ''ETo'' estimation is of great importance for the management of 

irrigation water, scheduling irrigation and resolving problems in the field of hydrology and 

meteorology  Shahidian et al. (2012) during July 2018s as a current and 2080s as a long term 

predict using MIROC- ESM climate model with RCP 8.5 climate scenario as example. 

Figures 2 and 3 show the predicted values of ETo under current and predicted climate. As it 

can be seen CAPIM model accurately predicted the values of ETo under the current and 

predicted climate conditions. The analysis of variance results are shown in Tables 2 and 3. 

Percent difference among the created output of CAPIM model with the CropWat-8 model in 

current and ETo-Estimation in prediction of the July 2018s and 2080s was less than 1%, Root 

mean squared error (RMSE) was 0.001 and the value of agreement was 0.99. These results 

indicated the reliability of CAPIM model in calculating reference evapotranspiration with a 

high degree of confidence when depending on its results under different irrigation application 

situations.  

 
Fig. (2): The correlation of ETo values (mm/day) between CAPIM and CROPWAT 

models during July 2018s for El-Dakahlia governorate. 

Table (2): Analysis of variance for the relationship between ''CropWat-8.0'' ETo and 

CAPIM ETo values through July 2018s in El-Dakahlia area.  

S.V. D.F. S.S. M.S. F value Significance 

Treat 1 2.654779 2.654779 2296.085 ** 

Residual Error 29 0.03353 0.001156   

Total 30 2.68831    

   ** Highly significant at 1% level.       D.F.= Degrees of Freedom         M.S.= Mean squares. 

       S.V.= Sources of Variation       S.S.= Sum of Squares  
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Fig. (3): The correlation of ETo values (mm/day) between CAPIM and ETo 

Estimation Models during July 2080s for El-Dakahlia governorate. 

Table (3): Analysis of variance for the relationship between the ''CAPIM Model'' ETo 

and''ETo Estimation Model'' ETo through July 2080s in El-Dakahlia governorate for 

the selected climate change model ''MIROC-ESM ''and RCP8.5 emission scenario.  

S.V. D.F. S.S. M.S. F value Significance 

Treat 1 17.82702 17.82702 14139.77 ** 

Residual Error 29 0.036562 0.001261   

Total 30 17.86359    

     ** Highly significant at 1% level.      D.F.= Degrees of Freedom       M.S.= Mean squares. 

         S.V.= Sources of Variation         S.S.= Sum of Squares 

Gross irrigation for Corn crop under current and predicted climate 

Fig. (4) and Table (4) show the gross irrigation requirements for corn crop along the growth 

season under 2018s and predicted climate (2040s and 2080s). The total gross irrigation in 

2018s was 1808.29 mm, 1572.72 mm and 1275 mm in Assuit, El-Fayoum, and El-Dakahlia, 

respectively. Whereas, in 2040s it would be 2076.99 mm, 2076.99 mm and 1618.16 mm; and 

in 2080s, it would be 2068.64 mm, 2008.4 mm and 1523.9 mm, respectively. Generally, the 

results illustrated the expected higher amounts of gross irrigation for corn crop in projected 

periods than 2018s in the three selected sites because of the projected increments in the crop 

evapotranspiration and crop water requirements. 

Table (4): Total gross water requirements (mm) and Percentage Increase (PI %) for corn 

crop in the three selected governorate under 2018s, 2040s and 2080s climate. 

Governorates 

Gross irrigation (mm/season) for corn crop 

Current 

climate 

Predicted climate 

using MIROC-ESM model and RCP8.5 scenario 

2018s 2040s 2080s 

Total Total PI Total PI 

El-Dakahlia 1275 1618 27 1524 20 

El-Fayoum 1573 2035.7 29 2008 28 

Assuit 1808 2077 15 2069 14 
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Fig. (4): Seasonal gross irrigation water requirements (mm/season) for corn crop at 

the three selected governorate under the current, 2040s and 2080s. 

Irrigation schedule developed by CAPIM model for corn crop under the current and 

predicted climate conditions 

The CAPIM detailed output for corn real time irrigation scheduling in El-Dakahlia, El-

Fayoum and Assuit under 2018s and predicted 2040s, 2080s are shown in Figs. (5,  6 and 7). 

The daily deficit of corn along the whole season are plotted together with the daily RAW and 

rainfall. In El-Dakahlia, corn scheduling showed 11 peaks totaling 1275 mm/season; 14 peaks 

totaling 1618 mm/season; and 14 peaks totaling 1524 mm/season in 2018s, 2040s and 2080s, 

respectively. Each of them represented the applied amount of water in each irrigation time. 

The rainfall values in current and the predicted periods can also be seen. The RAW curve in 

the three periods showed no difference as it increased gradually till reaching a fixed rate in the 

late stage, which could be explained by that the Zr starts to increase from an initial depth to 

the maximum effective rooting depth. 

Corn irrigation scheduling in El-Fayoum governorate under 2018s and predicted climate is 

shown in Fig. (6). As it can be seen, in 2018s, there were 14 peak totaling 1573 mm/season. 

While in future projections there were 18 peaks totaling 2077 mm/season and 18 peaks 

totaling 2008 mm/season in 2040s and in 2080s, respectively.  Each of these peaks 

represented the irrigation water amount in each episode. 

The results of the developed irrigation scheduling by the CAPIM model revealed that El-

Fayoum Governorate was one of the highest governorates in terms of the number of 

irrigations and the percentage of increasing gross irrigation water requirements during the 

current 2018s and expected management periods 2040s and 2080s. As the GIR increased by 

28% in 2080s and 29 % in 2040s with 18 peaks totaling 2008 and 2077 mm/season, 

respectively. 

The corn scheduling in Assuit is shown in Fig. (7). For 2018s, there were 13 peaks  totaling 

1808 mm/season, and in 2040s there were 15 peaks totaling 2077 mm/season. Whereas; in 

2080s there were 15 peaks totaling 2069 mm/season.  
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Fig. (5): Simulation the depletion of the irrigation amounts developed by the CAPIM 

model for corn crop under 2040s, 2080s using RCP8.5 scenario along with 2018s 

in El-Dakahlia governorate.  
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Fig. (6): Simulation the depletion of the irrigation amounts developed by the CAPIM 

model for corn crop under 2040s, 2080s using RCP8.5 scenario along with 2018s 

for El-Fayoum governorate. 
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Fig. (7): Simulation the depletion of the irrigation amounts developed by the CAPIM 

model for corn crop under 2040s, 2080s using RCP8.5 scenario along with 

2018s for Assuit governorate.    
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Effect of adaptation strategies developed by CAPIM model on the irrigation water 

amount, and corn crop yield and water productivity 

The three strategies for corn crop under predicted climate applied in El-Dakahlia governorate 

which was selected among the three governorates as one of the largest cultivated districts and 

main strategic source for corn production in Egypt are shown in Table (5). The outputs of 

delaying the planting date one week as a first proposed strategy showed that there was a two 

days predicted decrease in season length of corn when compared to that without strategy and 

a decrease in the amount of GIR where it reaches 1473 mm/season and the potential yield by 

about 1.62 % respectively along the corn season as shown in Fig. (8). whereas, there was an 

expected increase in WP by about 2.1 %. Application of the second strategy; (water stress 

by 15 % and 30 %), revealed that there was no change in the length of corn growing season. 

While, the GIR would be reduced as it reached to 1375.5 and 1132.7 mm/season and also the 

potential yield would be reduced by about 18.8 % and 37.5 % when applying the 15 % and 30 

% water stress strategy respectively as shown in Fig. (9). For the WP under the 15 % and 30 

% water stress was expected to decrease by about 4.2 % and 10.4 %, respectively.  

Table (5): Irrigation water requirements, potential yield and 𝑪𝑾𝑷 for corn crop by 

using MIROC-ESM climate Model with RCP8.5 scenario in El-Dakahlia governorate 

during 2040 with and without adaptation strategies. 

G
o
v
er

n
o
ra

te
 

Variables 
Without 

adaptation 

With adaptation 

Strategy1 

(With 

delaying 

planting) 

Strategy2 

(With applying water 

stress) 

Strategy3 

(With increasing 

irrigation system 

efficiency) 

7 days 15 % 30 % 5 % 10 % 

E
l-

 D
a

k
h

li
a
 

Planting Date 15/05/2040 22/05/2040 15/05/2040 15/05/2040 15/05/2040 15/05/2040 

Harvest Date 14/09/2040 19/09/2040 14/09/2040 14/09/2040 14/09/2040 14/09/2040 

length of the 

crop season 

(day) 

123 121 123 123 123 123 

Change rate  -2 days No change No change 

𝑬𝑻𝒂 (mm/ 

season) 
992.1 955.91 843.2 694.5 992.1 992.1 

𝑵𝑰𝑹 (mm/ 

season) 
890 810.2 756.5 623 890 890 

𝑮𝑰𝑹 (mm/ 

season) 
1618 1473.1 1375.5 1132.7 1483.32 1369.22 

Potential yield 

(kg/Fed) 
4016 3951 3263 2510 4381 4746 

Change rate (%)  - 1.62 - 18.8 - 37.5 9.09 18.18 

𝑪𝑾𝑷 (kg/m3) 0.96 0.98 0.92 0.86 1.05 1.14 

Change rate (%)  2.1 - 4.2 - 10.42 9.38 18.75 
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In regards to the third strategy of increasing irrigation system efficiency by 5 % or 10 % it 

was projected to be better than first and second strategies, as the length of corn growth season 

would be not changed, while the GIR was expected to decrease as it reached 1483 and 1369 

mm/season under 5 % and 10 % increasing efficiency strategy respectively. Also, increase in 

the potential yield by about 9 % and 18 % and the WP by 9.4 % and 18.7 % using the strategy 

of 5 % and 10 % increasing efficiency, respectively was predicted as illustrated in Fig. (10). 

 
 

Fig. (8): Relationship between the predicted changes in yield and gross irrigation for 

corn crop in El-Dakahlia governorate during 2040s under strategy1.    

 

 

Fig. (9): Relationship between the predicted changes in yield and gross irrigation for 

corn crop in El-Dakahlia governorate during 2040s under strategy2. 
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Fig. (10): Relationship between the predicted changes in yield and gross irrigation for 

corn crop in El-Dakahlia governorate during 2040s under strategy3. 

4. CONCLUSION 

Irrigation water management was, predicted using CAPIM model, for corn crop at different 

geographic regions in Egypt under the RCP8.5 scenario and MIROC-ESM climate models 

during the years of 2018s, 2040s and 2080s. The CAPIM model results showed a high 

reliability in calculating reference evapotranspiration with the highest degree of confidence 

under different irrigation application situations. Moreover, the results for scheduling and 

developing strategies were satisfactory.  

The CAPIM model revealed that the GIR in El- Fayoum Governorate increased by 28% in 

2080s and 29 % in 2040s with totaling of 2008 and 2077 mm/season, respectively.  

Based on the results of the three strategies, the third strategy of increasing irrigation system 

efficiency by 5% or 10% was projected to be better than first and second strategies. While the 

GIR was expected to decrease and reaches 1483 and 1369 mm/season under 5% and 10%, 

respectively.  The predicted potential yield increased by about 9 % and 18 % and the WP by 

9.4 % and 18.7 %, respectively.  

Further studies on predicting the impact of the climatic changes on the irrigation water 

management on the field level using different climate scenarios and models will allow 

accounting for uncertainties related to future emissions trajectory and its impact on the 

predicted irrigation management. More applications of the CAPIM model are needed for 

major crops in different agricultural areas in Egypt before submitting the model to extended 

works. 
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 محصول الذرة كدراسة حالة -نموذج للتنبؤ وتحسين إدارة المياه في مصر 

 3محمد ماهر محمد إبراهيم و 2، هشام ناجى عبد المجيد1نادية جمال عبد الفتاح

 . مصر -جامعة المنصورة  -كلية الزراعة  -قسم الهندسة الزراعية ب مدرس  1
 . مصر -جامعة المنصورة  -كلية الزراعة  -قسم الهندسة الزراعية ب  أستاذ 2
 . مصر -جامعة المنصورة  -كلية الزراعة  -قسم الهندسة الزراعية ب  أستاذ مساعد 3

 

 المجلة المصرية للهندسة الزراعية ©

 

 

 

 الكلمات المفتاحية: 

 CAPIM نموذج ؛الري مياه إدارة

 ؛المناخ تغير ؛محصول الذرة

 .المناخ سيناريوهات

 

 

 الملخص العربي 

استنبط نموذج لإدارة مياه الري تحت الظروف المناخية الحالية والمتوقعة قصيرة 

سمي   الأجل  كمبيوتر  CAPIMوطويلة  برنامج  شكل  في  في   وأخرج  يساعد 

المائية تبعا لمنطقة وفترة الزراعة. واستخدمت لغة  التنبؤؤ باحتياجات المحصول 

 .  Oracleالبرمجة 

تم تطبيق النموذج لجدولة مياه الري لمحصول الذرة في محافظات الدقهلية والفيوم 

 -MIROCالمتوقعة ونموذج بيانات المناخ  RCP8.5وأسيوط في إطار سيناريو 

ESM    و  2018لعام حالية  إدارة  متوقعة    2080و  2040كفترة  إدارة  كفترات 

الأجل وطويلة  تكيفية    .قصيرة  استراتيجية  أفضل  لتحديد  أيضًا  النموذج  واستخدم 

استراتيجيات )تأخير ميعاد  بين ثلاث  المتوقعة من  المناخية  التغيرات  لتتوافق مع 

 رفع كفاءة الري(. -تطبيق الإجهاد المائي للمحاصيل  -الزراعة 

للدقهلية بمقارنة نتائج النموذج مع    𝐸𝑇0وتم التحقق من دقة مخرجات النموذج لقيم  

حالة الإدارة الحالية ، أما الإدارة المتوقعة تمت مقارنة   في   CropWat-8برنامج  

 .  Estimation  𝐸𝑇0-النتائج ببرنامج

للظروف المناخية الحالية والمتوقعة   EToتنبأ بقيم    CAPIMوأظهرت النتائج أن  

الارتباط   معامل  )قيمة  عالية  متطلبات    0.99بدقة  وزادت  النموذجين(.  كلا  مع 

بعام   بالمقارنة  الذرة  لمحصول  المتوقعة  الإجمالية  الري  مياه  في    2018أعماق 

،  2077لتصبح    2040جميع مناطق الدراسة، حيث توقع النموذج زيادتها في عام  

عام  يم لأسم1618،  2077 في  بينما  التوالي.  على  والدقهلية  والفيوم    2080وط 

عام  1524،  2008،  2069ستكون   الفيوم  أن  ووجد  التوالي.  على    2040مم 

بالدقهلية وأسيوط. حيث بلغ   الذرة بمقارنتها  لها أعلى معدل لري محصول  يتوقع 

 مم/موسم النمو. 2077رية بإجمالي  18عدد مرات الري  

الإستراتي بنسبة  وكانت  الري  كفاءة  برفع  الخاصة  التكيفية  هي  10و  %5جية   %

بنسبة   الإنتاج  زيادة  على  تعمل  ان  المتوقع  من  حيث  على    18و  %9الأفضل   %

 التوالي. 
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