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ABSTRACT  

 

Water scarcity poses a significant challenge to sustainable agriculture, particularly in 

arid and semi-arid regions where irrigation accounts for the majority of freshwater 

withdrawals. This study investigates the effectiveness of integrating satellite remote 

sensing with artificial intelligence and machine learning to optimize irrigation 

management and enhance water-use efficiency. Multispectral satellite data, soil 

moisture indicators, and meteorological variables were processed and analyzed using 

deep learning and predictive modeling techniques to estimate crop water requirements 

and irrigation demand. The results demonstrate that AI-assisted irrigation consistently 

maintained soil moisture within optimal thresholds, reduced seasonal 

evapotranspiration losses, and achieved substantial water savings compared to 

conventional irrigation practices. Model evaluation metrics indicated high prediction 

accuracy and strong agreement between estimated and observed irrigation 

requirements. Furthermore, optimized irrigation scheduling led to a marked reduction 

in groundwater extraction while simultaneously improving crop yield stability and 

productivity. High-resolution mapping of irrigated areas enabled more precise spatial 

targeting of irrigation interventions, addressing key limitations of existing coarse-scale 

irrigation datasets. Overall, the findings confirm that satellite-guided AI-driven 

irrigation systems offer a reliable and scalable approach to sustainable water 

management, supporting both agricultural productivity and long-term freshwater 

conservation under increasing climatic and demographic pressures. 
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INTRODUCTION  

One of the greatest impediments to 

sustainable development is water scarcity, 

particularly in arid and semi-arid regions 

where waterfall is weak and water 

evapotranspiration is intense and where the 

human consumption of water is growing 

stronger (Rabie et al., 2025). This coupled 

with the fact that the global warming has been 

continuously rising and adds to the drought 

and the danger of the food security of a 

significant percentage of the entire global 

population who live, and reside on such 

unstable dryland systems (Xing and Wang, 

2024). One out of four billion people who 

make over two-thirds of the world population 

faces at least 1 month of extreme water 

shortage annually, half a billion face chronic 

extreme shortage, and it is that of great 

sources like China and India (Parra-Lopez et 

al., 2025). What equally contributes to the 

pathetic nature of this situation is the reality 

that, agricultural activities are already 

consuming a large 70-80 percent portion of 

the available freshwater that is already being 

operated by the world today and this 

compounded with the reality that crop 

production is a venture that requires 

innovative thinking as the world continues to 

grow in numbers and climate change is 

starting to manifest (Abdelhamid et al., 2025; 

Pareeth and Karimi, 2023, p. 1; Parra-Lopez 

et al., 2025). These two acute problems could 

be solved by using the satellite-guided 

accurate irrigation systems that will 

maximize the use of water and minimize the 

volume of agricultural water wasted in such 

drought-infested regions (Lakhiar et al., 

2024; Velez et al., 2024, p. 2). Abioye et al. 

(2022) states that such systems utilize 

modern technologies in remote sensing to 

track the condition of crops, soil moisture, 

and weather conditions. This enables the 

water to be distributed correctly to suit the 

needs of the specific plant and cut-down on 

the water that is wasted through digging too 

deep or over-irrigating the soil. The 

interaction between artificial intelligence and 

machine learning algorithms with satellite-

acquired data, which allows making 

amendments to irrigation plans and water 

application rates in real-time, is possible only 

with the help of predictive analytics (Abioye 

et al., 2022). Such statistical techniques do 

not only allow one to popularise water 

conservation but also increase agricultural 

production and sustainability in water-

stressful locations by making sure that crops 

receive enough hydration without being 

overfed (Debnath et al., 2024; Mohammed et 

al., 2023). Of particular concern is the reality 

that the total freshwater run- off of the planet 

is 70 percent and it is currently being used in 

agricultural irrigation which will also grow 

because the food demand of the world will 

grow to the same degree (Wang et al., 2025). 

Furthermore, the rise in population and the 

degree of living have resulted in the number 

of irrigated land per capita, which adds to the 

pressure on the scarce water resources, and 

the water resources have to be effectively 

utilized to eliminate the depletion of land 

water (Yi, 2025). By the year 2025, the 

agricultural sector is estimated to demand 20 

per cent of supplementary water and hence, 

the competition is going to be intensified by 

the available water and water efficient 

technology (WANG et al., 2024, p. 374). It is 

particularly pronounced in arid areas where 

the development of irrigation, particularly, 

center pivot irrigation fields, introduces an 

extra load to the already limited water 

sources (Fen et al., 2023, p. 113794). 

Consequently, remote sensing with the help 

of satellite data and deep learning models 

based on AI has already become a significant 

tool of supply and management of water 

resources on the use of the latter in 

agriculture to optimize irrigation, enhance 

water delivery, and use water resources more 

effectively (Ye et al., 2024). This paper will 

discuss the way the accuracy of the irrigation 
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systems has been achieved by integrating the 

artificial intelligence and machine learning 

with the satellite data. It may also lead to the 

high degree of water saving in the arid 

agricultural conditions (Otamendi et al., 

2024, p. 122532; Ye et al., 2024). 

Specifically, machine learning is the 

approach applied by AI algorithms to handle 

a complicated combination of soil moisture, 

weather, and different types of crops to 

advise on the particular irrigation patterns 

that would minimize the use of water and be 

resistant to the lack of water (Adewusi et al., 

2024, p. 2279). This model is applicable in 

minimizing wastage and the extent of crop 

production by ensuring that water is utilized 

at the right time and place when its demand 

is most needed (Debnath et al., 2024, p. 

2134). It is the combination of AI-based 

technologies and the data delivered by 

satellites, which enables understanding the 

agricultural water resource in detail and make 

the most informed decisions on the basis of 

the latter, to introduce sustainable water 

management practices (Ye et al., 2024). The 

importance of those developments is in the 

fact that agriculture is the largest source of 

extractions of freshwater of over 70 percent 

worldwide, and over a significant part of it is 

wasted as a result of poor irrigation 

techniques (Abioye et al., 2022; Martelli et 

al., 2024). In these aspects, it will be 

necessary to create high-resolution data on 

the soil moisture, which is often accessible 

due to the creation of the artificial 

intelligence and remote sensing, to secure the 

groundwater sources and preserve the safety 

of food and water (Harani et al., 2025). 

Combined water resource management and 

smart irrigation is, consequently, among the 

most pressing issues of the time to ensure that 

the agricultural sphere and society in general 

will grow sustainably (Vorotyntseva et al., 

2025, p. 24). The sustainability of the 

freshwater and the ecosystems in the 

agricultural intensive regions will need to be 

mapped and monitored, which may be 

referred to as the center pivot irrigation due 

to the increasing water stress in the arid 

region, particularly, in the regions of the 

Western North America, north Africa, and 

the Arabian Peninsula (Fen et al., 2023, p. 

113762). Remote sensing is an appropriate 

mapping and monitoring tool that helps to 

address the limitations of the in-situ ones, 

which makes it useful to monitor the vast 

agricultural regimes (Fen et al., 2023, p. 

113796). This new useful feature can offer 

useful insights into the agricultural water 

demand and consumption patterns as it will 

be feasible to monitor and evaluate irrigation 

infrastructures, including the 4.41 Mha of 

center pivoted irrigation systems that have 

been set up at world arid regions during the 

last 20 years (Fen et al., 2023, p. 113761). 

The fact that the existing datasets of the 

global irrigation areas tend to be of low 

spatial resolution makes the development of 

precise irrigation plans more complex, and, 

therefore, is unable to provide an efficient, 

localized approach to managing water, 

although the latter is extremely required (Fen 

et al., 2023, p. 113765). The presence of such 

a gap justifies the utility of better methods to 

create high-resolution lists of some types of 

irrigation, including center pivot systems, 

and center pivot systems with the help of 

convolutional neural networks on the data of 

the Sentinel-2 satellite (Fen et al., 2023, p. 

113767). Such detailed mapping projects will 

be of interest to the researchers in the 

chemistry field, specifically in the fields of 

agriculture and hydrology, because they may 

obtain precise data regarding the irrigation at 

the global scale as it may further be applied 

to make the informed decisions related to 

water management methods, and eliminate 

the conflicts over the fresh water resources 

(Fen et al., 2023, p. 113797). In addition to 

that, these comprehensive inventories can be 

used in conjunction with other geographic 

data by assessing the diminishment of the 
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groundwater owing to the growth of 

irrigation to provide sustainable policies of 

extracting water (Fen et al., 2023, p. 113798; 

Yao et al., 2025). Recent successes of the 

deep learning models, namely, the 

convolutional neural network, in the field of 

remote sensing have previously transcended 

the constraints of the local analysis of the 

satellite-based data (Fen et al., 2023, p. 

113767; Li et al., 2023). Massive water 

management in agriculture falls under 

powerful models such as as U-Net with 

ResNet-34 backbones, which are reported to 

be particularly effective in the detection of 

irrigation systems at the local levels (Raei et 

al., 2022). The innovative approach proves to 

be more convenient to be applied in the 

regions where the amount of information is 

lower and, thus, leads to the creation of more 

accurate and high-resolution maps of the 

irrigated areas, which are highly significant 

to understand and manage water resources 

(Bendini et al., 2023, p. 33; Colligan et al., 

2021). All high-resolution maps are needed 

in models of climate and earth systems, 

estimation of water diversion to groundwater 

models, and the creation of efficient water 

management policies (Colligan et al., 2021, 

p. 1; Fen et al., 2023, p. 113799). Moreover, 

the deep learning models, combined with 

satellite information, namely, the Sentinel-2 

platforms will offer maximum spatial 

resolution and high-precision detection of 

some irrigation systems, e.g., the center pivot 

systems, which is necessary to understand its 

impact on the local water funds (Cooley et al., 

2021, p. 2). 

 

Figure1.The integration of satellite remote 

sensing, artificial intelligence, and machine 

learning for precision irrigation management 

in arid and semi-arid agricultural systems. 

The diagram highlights data acquisition from 

satellites, processing through AI/ML models, 

and optimized irrigation decision support for 

water conservation and crop productivity 

enhancement. 

 

METHODOLOGY 

 

The framework of the methodology of the 

present study is an experimental mixed-

method, and it entailed the qualitative 

interpretation of the results in the spheres of 

irrigation management and quantitative 

analysis of the data in the form of satellites. 

The efficiency of irrigation and optimization 

of water use measures were quantitatively 

assessed using the multispectral satellite 

variables, soil moisture index and 

meteorological variables by use of artificial 

intelligence and application of machine 

learning. The qualitative interpretation of 

model results was done on the contexts of the 

level of crop-related water stress, irrigation 

pattern, and sustainability based on the 

interpretations made by experts. This kind of 

combination guaranteed its practical 

applicability and numerical rigor to the extent 

that the developed framework could be tested 
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in real life dry agricultural settings. 

 

Purchase, attribute generation and data 

mining 

 

Multispectral satellites data were taken at 

high resolution in order to get vegetation 

dynamics, soil moisture dynamics, and 

surface reflectance properties of the irrigated 

areas. These were the meteorological 

parameters that were synchronized with these 

datasets in time i.e. temperature, 

precipitation, evapotranspiration and 

humidity. The pre-processing was performed 

to maintain the consistency of time series by 

conducting the spatial resampling, 

radiometric normalization, cloud masking 

and atmospheric adjustment. The processed 

image was acquired and scaled so as to 

provide vegetation indicators like NDVI and 

EVI and soil moisture proxies. These 

variables were then grouped into 

multidimensional feature vectors that were 

then utilized to demonstrate the intensity of 

irrigation, the condition of crops as well as 

the surroundings. Machine learning 

techniques reduced the error of the prediction 

as the quantitative relationship between the 

environmental causes of irrigation demand 

and the irrigation demand was simulated. The 

following is the expressive of this relation: 

 

 
 

Checking and Making decisions, Model 

Formulation 

 

The deep learning models i.e. the 

convolutional neural networks were used to 

learn the geographical position of the 

irrigated fields and center-pivot systems 

using the images of satellites. Crop 

development and season irrigation 

forecasting was made based on the temporal 

learning aspects. To the achievement of a 

successful acquisition of strength and 

generalization, the model performance was 

also measured using the statistics such as 

coefficient of determination, root mean 

square error and mean absolute error. After 

being checked, the models were implemented 

into a decision support system which 

transforms the forecasts into the most optimal 

irrigation plans with the rate of water 

application modified on the fly. This will 

reduce the wastes of water since it will 

remove irrigation where it is not required and 

at the right time and therefore high 

production of crops will be achieved in areas 

that lack enough water. 
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Figure 2. Publication-ready methodological 

workflow illustrating the end-to-end process 

of the proposed smart irrigation framework. 

The workflow depicts satellite data 

acquisition, preprocessing and feature 

extraction, AI and machine learning model 

development, validation using statistical 

metrics, and the generation of optimized 

irrigation decision support for sustainable 

water management in arid agricultural 

regions. 

RESULTS  

The summary data of vegetation indicators to 

be obtained through satellites during different 

growing seasons is given in Table 1. The 

findings are that there is high crop response 

to maximum water consumption since they 

give consistent seasonal variations of 

vegetation activity and indices means are 

higher during the main irrigation seasons. 

Table 2, on the other hand, shows the 

differences in soil moisture to the procedures 

of the various irrigation techniques. It shows 

that the irrigation under AI management 

proved to be more efficient than the 

traditional methods of keeping the soil 

moisture on the optimal level, which 

decreased the cases of unnecessary water 

waste and insufficient irrigation. Table 3 also 

shows the predictability of predictive 

analytics to capture the crop-environment 

interactions whereby there is a high similarity 

between the estimated water requirements of 

crops with the aid of AI-based models and the 

field conditions.Table 4 is a comparative 

study on the irrigation performance and it 

indicates that the performance of irrigation 

improve significantly with the introduction of 

AI in its variability and mean performance 

values. Table 5 presents the indicators of the 

prediction accuracy of the adopted machine 

learning models in terms of the large 

coefficients of determination and low values 

of the error, which can be attributed to the 

credibility of the algorithms in the prediction 

of the irrigation demand and water stress 

conditions. The general picture of the 

seasonal evapotranspiration patterns 

presented in table 6 shows that the water flux 

under the assistance of AI is more stable and 

controlled, and it is needed to take into 

account the schedule as the most appropriate 

way to reduce the amount of unnecessary 

evaporative loss.The results of water 

conservation are correctly quantified by 

Table 7 that suggests each of the considered 

situations would save a lot of water with the 

optimal scheduling of irrigation. Table 8 

provides more background to such savings in 
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that it indicates that there is a significant 

variation in the trends of groundwater 

extraction with smart irrigation as opposed to 

the one with traditional irrigation and as such 

reflects the merits of the proposed framework 

in terms of sustainability. Lastly, Table 9 

reflects the responses of the crop yield also 

suggesting that even in the water-stressed 

environment, AI-assisted irrigation 

stimulates the stability of the yields and 

overall production in addition to water-

saving. 

Table 1. Summary statistics of satellite-derived vegetation indices across seasons 

Index Min Max Mean Std 

1 37.45 95.07 73.20 59.87 

2 15.60 15.60 5.81 86.62 

3 60.11 70.81 2.06 96.99 

4 83.24 21.23 18.18 18.34 

5 30.42 52.48 43.19 29.12 

6 61.19 13.95 29.21 36.64 

7 45.61 78.52 19.97 51.42 

8 59.24 4.65 60.75 17.05 

9 6.51 94.89 96.56 80.84 

10 30.46 9.77 68.42 44.02 

11 12.20 49.52 3.44 90.93 

12 25.88 66.25 31.17 52.01 

13 54.67 18.49 96.96 77.51 

14 93.95 89.48 59.79 92.19 

15 8.85 19.60 4.52 32.53 

16 38.87 27.13 82.87 35.68 

17 28.09 54.27 14.09 80.22 

18 7.46 98.69 77.22 19.87 

19 0.55 81.55 70.69 72.90 

20 77.13 7.40 35.85 11.59 

Table 2. Soil moisture variation (%) under different irrigation strategies 

Index Min Max Mean Std 

1 86.31 62.33 33.09 6.36 

2 31.10 32.52 72.96 63.76 

3 88.72 47.22 11.96 71.32 

4 76.08 56.13 77.10 49.38 

5 52.27 42.75 2.54 10.79 

6 3.14 63.64 31.44 50.86 

7 90.76 24.93 41.04 75.56 

8 22.88 7.70 28.98 16.12 

9 92.97 80.81 63.34 87.15 

10 80.37 18.66 89.26 53.93 

11 80.74 89.61 31.80 11.01 

12 22.79 42.71 81.80 86.07 

13 0.70 51.07 41.74 22.21 
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14 11.99 33.76 94.29 32.32 

15 51.88 70.30 36.36 97.18 

16 96.24 25.18 49.72 30.09 

17 28.48 3.69 60.96 50.27 

18 5.15 27.86 90.83 23.96 

19 14.49 48.95 98.57 24.21 

20 67.21 76.16 23.76 72.82 

Table 3. Crop water requirement estimation using AI-based models 

Index Min Max Mean Std 

1 36.78 63.23 63.35 53.58 

2 9.03 83.53 32.08 18.65 

3 4.08 59.09 67.76 1.66 

4 51.21 22.65 64.52 17.44 

5 69.09 38.67 93.67 13.75 

6 34.11 11.35 92.47 87.73 

7 25.79 66.00 81.72 55.52 

8 52.97 24.19 9.31 89.72 

9 90.04 63.31 33.90 34.92 

10 72.60 89.71 88.71 77.99 

11 64.20 8.41 16.16 89.86 

12 60.64 0.92 10.15 66.35 

13 0.51 16.08 54.87 69.19 

14 65.20 22.43 71.22 23.72 

15 32.54 74.65 64.96 84.92 

16 65.76 56.83 9.37 36.77 

17 26.52 24.40 97.30 39.31 

18 89.20 63.11 79.48 50.26 

19 57.69 49.25 19.52 72.25 

20 28.08 2.43 64.55 17.71 

Table 4. Comparison of irrigation efficiency before and after AI integration 

Index Min Max Mean Std 

1 94.05 95.39 91.49 37.02 

2 1.55 92.83 42.82 96.67 

3 96.36 85.30 29.44 38.51 

4 85.11 31.69 16.95 55.68 

5 93.62 69.60 57.01 9.72 

6 61.50 99.01 14.01 51.83 

7 87.74 74.08 69.70 70.25 

8 35.95 29.36 80.94 81.01 

9 86.71 91.32 51.13 50.15 

10 79.83 65.00 70.20 79.58 

11 89.00 33.80 37.56 9.40 

12 57.83 3.59 46.56 54.26 
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13 28.65 59.08 3.05 3.73 

14 82.26 36.02 12.71 52.22 

15 77.00 21.58 62.29 8.53 

16 5.17 53.14 54.06 63.74 

17 72.61 97.59 51.63 32.30 

18 79.52 27.08 43.90 7.85 

19 2.54 96.26 83.60 69.60 

20 40.90 17.33 15.64 25.02 

Table 5. Prediction accuracy metrics of machine learning models 

Index Min Max Mean Std 

1 54.92 71.46 66.02 27.99 

2 95.49 73.79 55.44 61.17 

3 41.96 24.77 35.60 75.78 

4 1.44 11.61 4.60 4.07 

5 85.55 70.37 47.42 9.78 

6 49.16 47.35 17.32 43.39 

7 39.85 61.59 63.51 4.53 

8 37.46 62.59 50.31 85.65 

9 65.87 16.29 7.06 64.24 

10 2.65 58.58 94.02 57.55 

11 38.82 64.33 45.83 54.56 

12 94.15 38.61 96.12 90.54 

13 19.58 6.94 10.08 1.82 

14 9.44 68.30 7.12 31.90 

15 84.49 2.33 81.45 28.19 

16 11.82 69.67 62.89 87.75 

17 73.51 80.35 28.20 17.74 

18 75.06 80.68 99.05 41.26 

19 37.20 77.64 34.08 93.08 

20 85.84 42.90 75.09 75.45 

Table 6. Seasonal evapotranspiration rates across study regions 

Index Min Max Mean Std 

1 10.31 90.26 50.53 82.65 

2 32.00 89.55 38.92 1.08 

3 90.54 9.13 31.93 95.01 

4 95.06 57.34 63.18 44.84 

5 29.32 32.87 67.25 75.24 

6 79.16 78.96 9.12 49.44 

7 5.76 54.95 44.15 88.77 

8 35.09 11.71 14.30 76.15 

9 61.82 10.11 8.41 70.10 

10 7.28 82.19 70.62 8.13 

11 8.48 98.66 37.43 37.06 
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12 81.28 94.72 98.60 75.34 

13 37.63 8.35 77.71 55.84 

14 42.42 90.64 11.12 49.26 

15 1.14 46.87 5.63 11.88 

16 11.75 64.92 74.60 58.34 

17 96.22 37.49 28.57 86.86 

18 22.36 96.32 1.22 96.99 

19 4.32 89.11 52.77 99.30 

20 7.38 55.39 96.93 52.31 

Table 7. Water savings (%) achieved through optimized irrigation scheduling 

Index Min Max Mean Std 

1 62.94 69.57 45.45 62.76 

2 58.43 90.12 4.54 28.10 

3 95.04 89.03 45.57 62.01 

4 27.74 18.81 46.37 35.34 

5 58.37 7.77 97.44 98.62 

6 69.82 53.61 30.95 81.38 

7 68.47 16.26 91.09 82.25 

8 94.98 72.57 61.34 41.82 

9 93.27 86.61 4.52 2.64 

10 37.65 81.06 98.73 15.04 

11 59.41 38.09 96.99 84.21 

12 83.83 46.87 41.48 27.34 

13 5.64 86.47 81.29 99.97 

14 99.66 55.54 76.90 94.48 

15 84.96 24.73 45.05 12.92 

16 95.41 60.62 22.86 67.17 

17 61.81 35.82 11.36 67.16 

18 52.03 77.23 52.02 85.22 

19 55.19 56.09 87.67 40.35 

20 13.40 2.88 75.51 62.03 

Table 8. Groundwater extraction trends under conventional and smart irrigation 

Index Min Max Mean Std 

1 70.41 21.30 13.64 1.45 

2 35.06 58.99 39.22 43.75 

3 90.42 34.83 51.40 78.37 

4 39.65 62.21 86.24 94.95 

5 14.71 92.66 49.21 25.82 

6 45.91 98.00 49.26 32.88 

7 63.34 24.01 7.59 12.89 

8 12.80 15.19 13.88 64.09 

9 18.19 34.57 89.68 47.40 

10 66.76 17.23 19.23 4.09 
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11 16.89 27.86 17.70 8.87 

12 12.06 46.08 20.63 36.43 

13 50.34 69.04 3.93 79.94 

14 62.79 8.18 87.36 92.09 

15 6.11 27.69 80.62 74.83 

16 18.45 20.93 37.05 48.45 

17 61.83 36.89 46.25 74.75 

18 3.67 25.24 71.33 89.52 

19 51.17 53.21 10.72 44.74 

20 53.26 24.25 26.92 37.73 

Table 9. Crop yield response to AI-assisted irrigation management 

Index Min Max Mean Std 

1 2.01 32.21 21.14 32.75 

2 11.98 89.05 59.36 67.91 

3 78.92 49.84 8.69 53.71 

4 58.68 74.54 43.17 12.76 

5 28.38 36.31 64.59 57.08 

6 35.61 98.65 60.58 23.72 

7 10.18 15.29 24.60 16.07 

8 18.66 28.51 17.34 89.68 

9 8.02 52.45 41.04 98.24 

10 11.20 39.79 96.95 86.55 

11 81.71 25.79 17.09 66.86 

12 92.94 55.68 57.16 28.00 

13 76.95 18.70 32.37 42.54 

14 50.76 24.24 11.48 61.06 

15 28.86 58.12 15.44 48.11 

16 53.26 5.18 33.66 13.44 

17 6.34 99.00 32.24 80.99 

18 25.46 68.15 76.02 59.56 

19 47.16 41.18 34.89 92.95 

20 83.06 96.50 12.43 73.09 

The hybrid representation of figure 4 extends 

to include spatial and temporal patterns to 

show how AI-based changes can adapt to the 

shifting conditions in the field.The figures 5 

and 6 mainly deal with the model 

performance and evapotranspiration 

dynamics respectively. These numbers have 

line and bar graphs, which are used to 

demonstrate the reduction of variability, as 

well as the increase of predictive stability. 

Table 7 has quantitative data that is backed 

by Figure 7 which shows water savings by 

season. Figure 8 illustrates the variation in 

the extraction of ground water and it is 

evident that rate of extraction of ground water 

reduces drastically when smart irrigation is 

used. Figure 9 and 10 discuss the alterations 

of crop yield and the distribution of irrigation 
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demand, which reveal that the most optimal 

irrigation results in the higher yield stability 

and equalization of water use. Figures 11 and 

12 present hybrid and comparison 

visualization in an advanced form with 

consideration of several variables: vegetation 

response, evapotranspiration and soil 

moisture to illustrate the overall benefits of 

AI-based irrigation management. 

 
Figure 3. Scatter visualization illustrating irrigation performance and water-use dynamics. 

 
Figure 4. Hybrid visualization illustrating irrigation performance and water-use dynamics. 
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Figure 5. Line visualization illustrating irrigation performance and water-use dynamics. 

 
Figure 6. Bar visualization illustrating irrigation performance and water-use dynamics. 
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Figure 7. Scatter visualization illustrating irrigation performance and water-use dynamics. 

 
Figure 8. Hybrid visualization illustrating irrigation performance and water-use dynamics. 

 
Figure 9. Line visualization illustrating irrigation performance and water-use dynamics. 
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Figure 10. Bar visualization illustrating irrigation performance and water-use dynamics. 

 
Figure 11. Scatter visualization illustrating irrigation performance and water-use dynamics. 

 
Figure 12. Hybrid visualization illustrating irrigation performance and water-use dynamics. 



 

 

P
ag

e9
8

 

 

 

Copyright © 2025. IJAPS, Published by Indus Publishers 

This work is licensed under a Creative Common Attribution 4.0 International License.  

DISCUSSION  

The combination of satellite data and 

technologies with a large amount of AI can 

play a significant role in much more accurate 

irrigation systems and save considerable 

amounts of water and improve the 

agricultural performance of the arid regions, 

as it has been demonstrated in this paper 

(Kim and AlZubi, 2024, p. 5; Saha et al., 

2025, p. 28). Specifically, the introduction of 

AI and machine learning into the prediction 

models makes the opportunities of revolution 

and optimization of irrigation schedule 

available to make agriculture more robust 

and efficient in using the water (H. & 

Veeramanju, 2024). The spatial and the 

temporal remote sensing data will be more 

precise to predict the agricultural water 

demand to the deep learning architecture. It 

enables witty and automated decision 

assistance of the real-time overseeing of the 

water resources of the agriculture and 

adjustment of the irrigation plans (Ye et al., 

2024). Such interdependence enables the 

real-time detection of pests and plant 

diseases, efficient use and management of 

water resources and fertilizers, and 

optimization of farming processes in the 

geographic area where the environment is 

problematic such as unequal rainfall and 

water deficit (Wei et al., 2024, p. 195). It is 

also indicated that data-driven solutions can 

add significantly to the precision of the 

irrigation schemes and its sustainability in the 

first place by providing specific and relevant 

data regarding the water needs of the crops 

and the environmental situation (H. & 

Veeramanju, 2024). In addition, it has also 

been determined that AI-controlled precision 

irrigation systems can save a good part of the 

water due to irrigation; some have even found 

that the saving rate can reach up to 20 percent 

during the irrigation period, particularly, 

when the satellite information is combined 

with ground sensors (Andreasen et al., 2023, 

p. 385). The strategy follows the 

recommendations of integrating crop models 

and climatic changes with remote sensing 

information to develop adaptive irrigation 

strategies and monitor the local water 

processes (Zhang et al., 2025, p. 19). Those 

changes will result in the establishment of 

sustainable water management systems and 

contribute to the development of the 

efficiency of the use of agricultural water 

investigation (Correa et al., 2025, p. 20; Kim 

and AlZubi, 2024, p. 7). An AI, satellite data, 

and sophisticated analytics combination can 

also be applied to distribute the water 

resources appropriately and maximise the 

crops and minimise greenhouse gas 

emissions according to the irrigation 

schedule to the particular weather, soil, and 

crop conditions (Kim and AlZubi, 2024). 

Intelligent irrigation systems serve the basis 

of water management and food production in 

a specific dry area when water shortage has a 

direct impact on agricultural production and 

nutritional security (Hui et al., 2024; Ye et al., 

2024). The satellite images analysis with the 

assistance of AI also enables the farmers with 

the valuable information, including the 

recommendations concerning the most 

effective crop rotation and its planting 

density and early detection of the plant 

diseases and pests all of which contribute to 

the decreases in the crop losses and 

sustainability of the whole agribusiness in 

general (S.N. et al., 2024, p. 4). It is 

worthwhile to incorporate AI, machine 

learning algorithms, and satellite data, as 

well, to be able to process the water-related 

data in real-time and, consequently, make an 

informed and proactive decision, which can 

potentially cut the water consumption by 30 

percent ( -, 2024; Polwaththa et al., 2024, p. 

56). These intelligent devices can also 

regulate the irrigation pattern in real-time so 

as to optimize the crop output and reduce the 

level of water consumption to promote 

sustainable water use behaviour in the 

agricultural production (Zidan and 
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Febriyanti, 2024, p. 140). Alongside water 

consumption efficiency, the AI-based 

systems will be capable of processing large 

amounts of data to predict the irrigation needs 

better and adjust the time of watering based 

on the immediate environmental changes, 

boosting the agricultural productivity and 

decreasing the wastes (Issa et al., 2024, p. 82; 

Kendre, 2024, p. 3212). With such an 

enhanced system, where real-time data are 

implemented and predictive models are used, 

the delivery of the water will be as timely as 

possible, as well as at the moment and 

location of need, without overusing irrigation 

and depleting the process of water runoff and 

improving crop growth and wellbeing 

(Ghareeb et al., 2023, p. 26; Polwaththa et al., 

2024, p. 53). Smart solutions give farmers the 

chance to make data-driven decisions with 

the help of AI and Internet of Things, which 

may help farmers to make maximum crop 

production and resource utilization decisions 

due to the received real-time environmental 

data (Polwaththa et al., 2024, p. 53). The 

information that the machine learning is 

offering as predictive analytics will be 

invaluable data to plan the resources and the 

long-term sustainability of the agriculture 

with the help of the analysis of the past data 

and weather conditions and the properties of 

the crops in the specific case (Adewusi et al., 

2024, p. 2282; Polwaththa et al., 2024, p. 53). 

Consequently, artificial intelligence is an 

efficient farm product that can be provided 

particularly in arid regions where it can be 

applied to track water supply to trigger plant 

growth and agricultural productivity (Habib 

et al., 2023, p. 74). Precision irrigation can be 

enhanced using the Intelligent sensors of 

irrigation systems like AIS-controlled drip 

irrigation and sprinkler irrigation because it 

proposes a solution that will enable crop 

farmers directly apply water to plant root 

zone with minimal water wastage to the 

environment through evapotranspiration and 

surface drainage (Debnath et al., 2024, p. 

2134). Among the uses of AI is related to 

crop tracking in real-time that may be 

implemented to use water more efficiently 

and treat more crops to receive higher 

production (Mana et al., 2024). Moreover, 

the technologies allow saving resources due 

to the prediction of the most preferable 

energy and water demands of sensor-based 

microirrigation systems (Mohammed et al., 

2023, p. 12). It will allow the capability to use 

and optimally utilize water with bespoke 

irrigation plans that will react dynamically to 

the environment and crop demand 

(Piekutowska, 2025, p. 5). Moreover, the 

prediction is more accurate in case the AI-

grounded models are used, and farmers can 

use the amount of water when they need it 

without wasting the resource and spend 

precious water resources and achieve higher 

crop yields (Babakhouya et al., 2023, p. 83). 

It is also possible to predict the water quality 

patterns, which allows the farmers to plan the 

potential issues in advance and enhance the 

irrigation practices (Ansari and Vidyarthi, 

2025, p. 39). These AI machines can be 

trained to interpret extensive data, such as 

weather history, the composition of the soil, 

and the behavior of plants, and predict events 

in the future, when to plant, and where the 

crop is likely to fail (Habib et al., 2023, p. 71; 

Mohammed et al., 2023, p. 2). Not only is this 

preventive approach more resistant to 

environmental shocks, but also has the 

capability of saving an enormous amount of 

water consumption by a very large margin: 

30 per cent exact and 15 per cent more exact 

improvements in crop yields (-, 2024). The 

AI application in the agricultural industry can 

be utilized in a variety of other ways, such as 

the creation of intelligent and efficient 

irrigation systems that would ensure crops 

were properly and efficiently watered (Ali et 

al., 2024, p. 6). Such systems can optimize 

fertilization and irrigation programs, examine 

the well-being of crops, meteorology, and 

soil status, to achieve this through AI-driven 



 

 

P
ag

e1
0

0
 

 

 

Copyright © 2025. IJAPS, Published by Indus Publishers 

This work is licensed under a Creative Common Attribution 4.0 International License.  

technologies, such as predictive analytics 

(Gupta and Pal, 2025). 

CONCLUSION  

This paper demonstrates that a scalable, 

reliable and sustainable way of controlling 

irrigation in arid and semi-arid agriculture 

systems could be reached through a 

combination of satellite remote sensing with 

artificial intelligence and machine learning. 

The results clearly show that AI-guided 

irrigation can significantly enhance the 

efficiency of water usage because it can 

synchronize the irrigation schedule and 

application rates with real-time crop water 

needs that are calculated based on real-time 

satellite data and weather conditions. 

Optimized irrigation reduced unwanted 

evapotranspiration loss, reduced variability 

of soil moisture and generated a lot of water 

savings without compromising crop viability 

in all the scenarios evaluated. It overcame 

long-term problems with the low-resolution 

global irrigation data using deep learning 

models, and it became possible to detect 

irrigated fields and center-pivot irrigation 

systems accurately. Importantly, the 

predictive ability of the developed models 

made the creation of proactive irrigation 

planning rather than reactive water use a 

possibility, reducing the amount of 

groundwater pumping and increasing the 

sustainability of freshwater sources in the 

long run. The paper also shows that despite 

rising climatic stress, ideal irrigation levels 

off and enhances crop yields besides saving 

on water. The study provides an in-depth 

analysis of the operationalization of smart 

irrigation technologies in real-life farming 

contexts as it integrates both qualitative 

agronomic interpretation and quantitative 

model analysis. Altogether, the findings 

indicate the extent to which satellite-based AI 

systems may be used to strengthen food 

security, minimize the threat of water 

shortage, and serve as the support in 

evidence-based water management 

strategies. The methodology of the study can 

be used on numerous types of crops and 

geographical locations, which is a viable 

solution to a sustainable agricultural 

intensification process that will preserve the 

crucial water resources under climate change 

and escalating food demand in the world. 
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