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Abstract: In order to ensure efficiency in modern irrigation of agricultural lands, several key parameters must 
be monitored and optimized, while these parameters contribute to reduce water wastage, improve crop yield 
and promote general sustainability. The basic irrigation parameters are related to soil moisture content, 
evapo-transpiration (ET) rate, crop water requirements, irrigation scheduling, water application efficiency, 
system maintenance and calibration, irrigation method selection, soil structure type, climate and weather 
data and water quality. 
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1. Introduction 

Irrigation is a fundamental practice in agriculture, involving the artificial application of water to soil 
to facilitate plant growth, particularly in regions where natural precipitation is insufficient or erratic. 
As global agriculture faces the dual challenges of increasing food demand and diminishing 
freshwater resources, efficient irrigation has become a critical component of sustainable land and 
water management (FAO, 2020). 
Historically, irrigation systems have played a pivotal role in the development of early civilizations, 
enabling the expansion of agricultural frontiers in arid and semi-arid regions. In contemporary 
agriculture, irrigation contributes significantly to crop productivity and stability by mitigating the 
effects of drought, improving nutrient availability, and enabling multi-cropping systems (Kang et al., 
2009). 
Modern irrigation techniques range from traditional surface methods, such as furrow and basin 
irrigation, to more advanced systems like sprinkler and drip irrigation. Each system varies in terms 
of water use efficiency, capital investment, and suitability for specific crops and soil conditions. 
Among these, drip irrigation is widely recognized for its high efficiency and precision, particularly in 
water-scarce environments. 
The efficiency of an irrigation system is typically measured by parameters such as distribution 
uniformity, application efficiency and irrigation scheduling effectiveness, while the innovations in 
sensor technology, remote sensing and data-driven decision support systems have significantly 
enhanced the survey ability and manage irrigation practices at both field and watershed scales. 
Extensive research has been conducted on irrigation systems and their impact on agricultural 
productivity and resource conservation. Traditional surface irrigation methods, while widely used, 
have been criticized for their inefficiency and high water loss due to evaporation and runoff (Pereira 
et al., 2002). In contrast, modern systems such as sprinkler and drip irrigation offer substantial 
improvements in water application efficiency and crop performance. 
Drip irrigation, in particular, has been recognized as one of the most efficient systems, with 
application efficiencies reaching up to 90–95% (Postel et al., 2001). Studies by Howell (2001) and 
Camp (1998) demonstrate that precision irrigation can significantly increase crop yield and reduce 
water consumption, especially when integrated with real-time monitoring and scheduling 
technologies. 
Remote sensing and Geographic Information Systems (GIS) have been increasingly adopted in 
irrigation management in order to monitor soil moisture, crop health and finally the evapo-
transpiration rates. These technologies, combined with simulation models, enable better decision-
making and adaptive management practices (Bastiaanssen et al., 2000). 
Moreover, computational models have become essential tools for evaluating irrigation efficiency 
under various climatic and soil conditions. Models such as CROPWAT, AquaCrop, and HYDRUS 
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provide valuable insights into water balance, soil-water-plant interactions, and irrigation scheduling 
strategies (Steduto et al., 2009; Simunek et al., 2008). The use of open-source platforms for 
custom simulation models offers flexibility and accessibility for researchers and practitioners. 
Overall, the literature underscores the importance of combining advanced irrigation technologies 
with computational tools to enhance efficiency, conserve water resources and overall improve the 
agricultural sustainability. 
This paper explores the fundamental principles of irrigation, evaluates modern irrigation methods 
with an emphasis on water flow efficiency and presents a numerical model for assessing irrigation 
performance using computational tools. The goal is to provide a framework for optimizing water 
use in agriculture, thereby contributing to food security and environmental sustainability. 

2. The irrigation efficiency framework model  

This study employs a computational approach to evaluate irrigation efficiency using a developed 
numerical model, which simulates the water distribution over time based on key hydrological 
parameters relevant to drip and surface irrigation systems [1-4]. 
The irrigation efficiency (η) is defined as the ratio of beneficial water used by crops (Wb) to the 

total water applied (Wa): 
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The model also accounts for common sources of water loss, which are recorded on the ground and 
which must be quantified including evaporation losses ®, deep percolation (D), surface runoff ® 
and leakage in the conveyance system (L), so the beneficial water apply is thus calculated as: 

     b aw w E D R L
 

(2) 

The main input parameters in irrigation are represented by water volumetric flow rate (Q) as the 
applied water volume per unit time (L/s), irrigation procedure time duration (t), as the total time of 
water application (s) and loss estimations (E, D, R, L) expressed in l. 
The simulation environment is expressed as a numerical model, possibly on open-source nature 
and compatibility with MATLAB-style numerical syntax, where the key functions used include 
arithmetic operations, control statements and plotting tools for results visualization. 
The main assumptions are related to soil properties and crop water needs which are homogeneous 
across the field and the losses are predefined or estimated based on prior studies. 
No real-time sensor input or dynamic adjustment is incorporated in this initial model. 
The model computes total applied water, beneficial water used and overall efficiency, providing 
outputs results which can be visualized using bar charts showing individual water losses, and pie 
diagram charts illustrating the proportion of water used vs. wasted amount. 
The numerical computational methodology enables a transparent, adaptable assessment of 
irrigation efficiency, forming the basis for more complex models incorporating spatial variability, 
weather data, and feedback-based control in future research [5-8]. 
Considering the specific parameters involved in the irrigation process of agricultural lands, an 
analysis is carried out on the possibilities of water distribution as well as the determination of the 
losses that inevitably occur, thus affecting the overall efficiency of the entire process. 
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Fig. 1. Irrigation water distribution and loss components 

 
The results show the water loss rates, making it possible to quantitatively analyze them through 
comparisons and further, what their total share is in the total volume of water used for irrigation 
(figure 1). It represents a first step towards obtaining quantitative results that illustrate the entire 
process, but which will be developed for optimization. 

3. Numerical analysis for irrigation water flow 

Further, the research is developed by updating the numerical model with specific optimization 
strategies, including dynamic inputs, feedback systems and multi-scenario comparisons with the 
aim of identifying beneficial strategies for better practice in agricultural irrigation. 
In the first stage, the sweep parameter for water losses (E, D, R, L) will be added in order to study 
the optimization possibilities add loops or vectors for parameters like evaporation (E) or flow rate 
(Q) and visualize the impact on efficiency [9-11]. 
 

  

Fig. 2. The evaporation effect on irrigation total 
efficiency 

Fig. 3. The irrigation procedures efficiency values 

 
It will be considered as a parameter optimization technique within the numerical analysis, in order 
to find and establish the best configuration related to parameters used for better results (e.g., flow 
rate Q, duration t, or loss reductions E, D, R, L) that maximizes irrigation efficiency (η) under 
constraints such as water availability, system limits, and crop requirements. 
Thus, will be defined an objective function for maximizing the total efficiency (η) [1-3]: 
 



ISSN 1453 – 7303                                                                   “HIDRAULICA” (No. 2/2025) 
Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics 

 

  
77 

 
  

 
 

, , , , , 100 100b

a

Q t E D R Lw
Q t E D R L

w Q t


      
      

     

(3) 

The goal is to find values of Q, t, and loss parameters that maximize η while keeping wa (total 
water applied) within reasonable bounds. 
 

Table 1: Numerical parameters used for analysis  

Crt. 
No. 

Parameter  

 Minimum value Maximum value 

1.  Water flow rate (l/s) 0.5 5 

2.  Time (s) 1800 7200 

3.  Evaporation (l) 50 200 

4.  Deep percolation (l) 50 200 

5.  Surface runoff (l) 10 100 

6.  % Leakage (l) 5 50 

 
The results are shown according to the initial parameters, highlighting the level of irrigation 
efficiency based on the water flow values applied to the land surface, with obvious implications of 
evaporation losses that occur when the water reaches the soil level. 

 

Fig. 4. The analysis results on efficiency surface based on water flow rate and evaporation values  

 
The model developed is a solution to be applied in agricultural land irrigation activities that can be 
controlled so that it can provide optimal working solutions in order to obtain maximum efficiency 
and resource consumption values. 

4. Conclusions 

Efficient irrigation is essential for sustainable agriculture, especially in the context of global water 
scarcity and increasing food demand and therefore this study highlights the significance of 
selecting appropriate irrigation methods and optimizing water usage through numerical analysis. 
Among modern irrigation techniques, drip irrigation consistently demonstrates superior 
performance, offering high application efficiency and minimal water loss. 
Using an implemented computational model capable to evaluate the irrigation efficiency by 
simulating the impact of key parameters such as flow rate, duration and losses due to evaporation, 
percolation, runoff, and leakage allow to quantify beneficial water use and identify inefficiencies in 
various irrigation systems. 



ISSN 1453 – 7303                                                                   “HIDRAULICA” (No. 2/2025) 
Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics 

 

  
78 

 
  

Through parameter sensitivity analysis and optimization routines are determined changes in 
system design or environmental conditions which can affect overall efficiency. The model results 
show that small reductions in evaporation and percolation can significantly improve efficiency, 
while optimal flow rate and irrigation duration must be carefully balanced to avoid under- or over-
irrigation. 
The numerical approach not only validated the superior efficiency of drip irrigation but also 
provided actionable insights into how to improve other systems and furthermore, the use of 
computational tools enables scenario-based planning and supports the development of adaptive, 
data-driven irrigation strategies. 
The future research work may include integrating real-time sensor data, climatic variables and 
machine learning techniques, in order to create intelligent irrigation systems that respond 
dynamically to field conditions, thereby maximizing water use efficiency and crop productivity. 
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