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Water serves as the vital hub for sustaining life. There is indisputable 
evidence that the progress of agriculture, which relies directly on 
water resources, bears direct responsibility for the current global 
human population. While undeniably invaluable, our planet's 
freshwater reserves face a mounting challenge in keeping up with the 
ever-expanding global population. This is primarily due to 
inefficiencies prevalent in various residential water applications, with 
irrigation practices in developing nations standing out as a significant 
contributor to this issue. As our communities continue to grow, it 
becomes increasingly imperative to address these inefficiencies to 
ensure sustainable access to this precious resource for generations to 
come. This dilemma is particularly concerning given the projection 
of continued population expansion. Concerning irrigation, it is widely 
acknowledged that more than 60% of water allocated for agricultural 
purposes is presently being administered in excess, leading to 
substantial annual wastage. To obtain a precise estimation of the 
water needed for crop production, it is imperative to devise, develop, 
and implement a practical and effective method. Employing manual 
techniques, such as utilizing a lysimeter, for gauging a structure's 
water requirements is both subjective and financially demanding. 
This research has been designed to provide a comprehensive 
measurement of daily ET over a wide geographical area, offering 
detailed field-specific information. This research work is carried out 
by utilizing the European Space Agency satellites i.e., Sentinel 2 and 
3, and ECMWF meteorological data. The Sentinel-2 data was 
processed to calculate the biophysical variables, structural 
parameters, fraction of green vegetation, and aerodynamic 
roughness. Sentinel 3 data was used to get the land surface 
temperature. The whole data is then processed to estimate the ET of 
the chosen area which is discussed in the materials and methods 
section. Actual water requirement and the water provided to the 
tobacco crops were compared. The results of the study reveal that 
estimated ET values were inline with the average surveyed tobacco 
field values that represents the consistency. However, a significant 
discrepancy arises due to irregular irrigation practices, indicating a 
lack of consideration for ET values among farmers. This oversight, 
coupled with unadjusted irrigation timing and methods, contributes 
to variance between computed and required ET values, attributed to 
factors such as human error, insufficient rainfall, and improper 
practices. 
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Introduction: 
A major issue associated with irrigation is its excessive water consumption. Each year, 

more than 60% of the water allocated for agriculture is lost due to inefficient practices. 
Addressing this challenge requires the development of an effective method to accurately 
determine the water requirement for crop cultivation. Conventional approaches, such as using 
lysimeters, are both subjective and economically demanding, posing difficulties for widespread 
adoption. Advances in remote sensing technologies offer a potential solution. Remote sensing 
of ET proves crucial in tackling various water management dilemmas. By recording daily ET 
across extensive areas and furnishing field-level data, remote sensing systems have the potential 
to optimize water usage. Grants provided by both provincial and federal governments to 
communities played a pivotal role in expediting this development. However, these substantial 
disbursements also incentivized local governments to implement infrastructure systems with 
capacities that surpass actual requirements [1]. 

Irrigation practices lead to the wastage of nearly 60% of agricultural water, depleting 
crucial water reserves and exacerbating water scarcity. The excessive exploitation of water 
resources results in environmental degradation, the desiccation of water bodies, and the loss of 
biodiversity disrupting the fragile ecological equilibrium. This pressing issue is placing immense 
strain on communities and necessitates urgent and comprehensive action to secure reliable 
access to this vital resource [2]. Thus, implementing effective management strategies is 
imperative to safeguard the nation's water reservoirs and ensure their sustainable utilization for 
the benefit of current and future generations [3]. 

Satellite Remote Sensing involves the collection and monitoring of data from a remote 
location through the measurement of reflected radiation, typically conducted using aircraft or 
satellites [4]. Utilizing satellites for remote sensing confers several advantages over traditional 
ground-based data collection methods. Moreover, the sensors employed in satellite remote 
sensing undergo calibration to ensure the accuracy of measurements, resulting in data that is 
both reliable and precise.  

Pakistan's agriculture industry, where farmers primarily follow traditional farming 
practices and use primitive tools and knowledge, forms the backbone of the nation's economy 
[5]. The study of the FCV plant, which represents a crucial frontier in agricultural growth, makes 
this paradigm change particularly clear. Within this context, it is imperative for Pakistan, as a 
nation deeply intertwined with its agrarian roots, to embrace progressive methodologies, 
leveraging modern technology and research to fortify its agricultural landscape. By doing so, not 
only can we bolster food security but also alleviate the looming specter of water scarcity, 
ensuring a sustainable and prosperous future for our agricultural endeavors. 

FCV is a pivotal tobacco crop cultivated in Pakistan. The nation benefits from favorable 
agro-climatic conditions, characterized by warm temperatures and well-drained soils, providing 
an ideal environment for its growth. Predominantly, FCV cultivation in Pakistan is concentrated 
in the provinces of Khyber Pakhtunkhwa and Punjab. The crop undergoes meticulous 
agronomic practices, including precise irrigation and timely application of fertilizers, to achieve 
optimal yields and quality. The favorable agro-climatic conditions in the nation, which are 
characterized by high temperatures and well-drained soils, are ideal for this tobacco crop's robust 
growth and development. The main centers of FCV cultivation in Pakistan are Khyber 
Pakhtunkhwa and Punjab, which greatly profit from the favorable environmental conditions. 
Several precise agronomic procedures are used during the FCV cultivation process. To achieve 
not only the highest yields but also exceptional quality in the harvested food, these practices 
include the use of precise irrigation techniques and the timely application of a balanced array of 
nutrients. 
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Objective: 

• Investigate and analyse the existing irrigation practices in developing nations, with a 
focus on identifying inefficiencies leading to excessive water usage.  

• Develop targeted interventions and strategies to address these inefficiencies by 
leveraging remote sensing data from sentinel 2 and 3, aiming to align agricultural water 
allocation with actual crop water requirements and promote sustainable water use. 

Novelty: 
This research revolutionizes agricultural water management by using European Space 

Agency satellites (sentinel 2 and 3) to implement a groundbreaking irrigation system. It provides 
precise daily ET measurements, challenging and optimizing irregular irrigation practices in 
developing nations. The innovation lies in its potential to ensure sustainable water use for a 
growing global population. 
Related Work: 

The applications of remote sensing are extensive, particularly in the fields of agriculture 
[6][7] and climate studies [8]. Primarily, satellites possess the capacity to cover vast expanses 
swiftly and effectively, providing an aerial view of the Earth's surface. They can also provide 
information from places that are difficult to reach or are completely unreachable using ground-
based approaches, such as the polar regions and remote areas of the ocean. Within the ESA, the 
Sentinel series stands as a pinnacle of excellence in this regard. The primary mission of these 
satellites is to maintain continuous surveillance of Earth and collect data on the planet at regular 
intervals. This data, gathered by the Sentinel-series satellites and ECMWF, proves invaluable for 
research purposes. ET is the mechanism through which water vapor migrates from both the soil 
and the surfaces of plants into the surrounding atmosphere, as depicted in Figure 1. Obtaining 
an accurate estimation of ET is paramount, especially in light of the continuous global 
population growth. This precision is crucial for conserving larger quantities of water. Reliable 
ET estimates find applications in various contexts, including, but not limited to, water resource 
management, monitoring droughts and food shortages, and optimizing agricultural practices for 
more efficient land and water utilization. A number of SDGs set forth by the United Nations, 
including ending world hunger, ensuring access to clean water and sanitation, and protecting life 
on land, among others, can be achieved with the help of these applications [9]. The economic 
impact of tobacco is noteworthy, contributing to approximately 0.09% of Pakistan's GDP. It 
occupies a notable 0.23% of all irrigated land in the country. These figures underscore the 
substantial footprint of tobacco cultivation within Pakistan's agricultural landscape, emphasizing 
the need for a balanced and sustainable approach to managing this vital sector. As the nation 
navigates its agricultural and economic pathways, it is imperative to consider the multifaceted 
dimensions of tobacco production and its wider implications for both the farming community 
and the national economy as a whole [10][11]. Various methods are employed to estimate ET, 
but they often rely on physical devices like lysimeters, atmometers, or evaporimeters, which can 
be prohibitively costly and time-intensive [12]. The advent of remote sensing satellites has 
revolutionized the ability to observe and document Earth's resources utilizing a range of 
multispectral and thermal sensors. Notable among these satellites is Landsat, launched in 1972, 
followed by the Sentinel series, which is equipped with multispectral remote sensing capabilities 
for monitoring and acquiring geographic information [13][14]. Within the Sentinel series, 
Sentinel-2 is a polar-orbiting, high-resolution imaging mission designed for multispectral capture 
of vegetation, soil, and water cover information [15]. This mission includes the sub-satellites 
Sentinel 2A, 2B, 3A, 61, and 3B, which were launched in 2015, 2017, 2016, and 2018 respectively. 
ET, a combined term comprising both evaporation and transpiration, plays a vital role in the 
Earth's hydrological cycle as introduced by [5]. The rate of ET from the Earth's surface is 
contingent on five crucial factors: energy availability, humidity gradient, wind speed, water 
availability, and the specific type of crop. Numerous studies, documented in references 
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[16][17][18][19], have been undertaken in recent years to estimate and measure ET, utilizing a 
combination of conventional methods and advanced remote sensing techniques. In this specific 
research, ET is computed using data gleaned from the Sentinel satellites and ECMWF. This 
information is processed employing ESA's Sentinel-2 and Sentinel-3 satellites, in tandem with 
the Tow Source TSEB-PT. For validating the calculated values, information sourced from FAO-
Crop Wat was utilized. Graphical representations were generated to facilitate a comprehensive 
conclusion. 

 
Figure 1. Process of ET (https://www.researchgate.net/figure/The-

evapotranspiration-process-is-the-loss-of-water-from-vegetation-based-on-
the_fig1_358674415) 

Material and Methods: 
Investigation Site:  

In the pursuit of gathering accurate ground truth data for this research endeavor, the 
Yar Hussain region emerged as the designated area of study located in Swabi district of Khyber 
Pakhtunkhwa. This offers a diverse landscape that encompasses sprawling agricultural plots, 
urban structures, and winding waterways. Yar Hussain, strategically positioned about 12 KM 
from the district's administrative heart in Swabi, is further situated approximately 82 KM from 
the provincial capital of Peshawar. 

Beyond its geographical attributes, Yar Hussain assumes a pivotal role as a bustling 
commercial hub, catering to the business needs of nearby towns like Yaqubi, Sard Chena, 
Ghazikot, Naiknam, Debian, etc. This expansive reach underscores the town's significance as a 
critical economic centre for the wider region. Moreover, Yar Hussain boasts noteworthy 
importance in the context of the tobacco industry, solidifying its status as a major player in this 
sector. For a visual representation, Tehsil Yar Hussain can be observed in Figure 2 below, 
offering a comprehensive overview of its geographical layout and the intricate interplay of its 
various features. This chosen area serves as an ideal microcosm for the research, encapsulating 
a rich tapestry of urban and agricultural elements essential for a thorough examination of the 
subject matter at hand. 
Data Collection: 

The data for our experiments was sourced from various outlets, including Sentinel-2, 
Sentinel-3, and ECMWF weather data. We retrieved the most up-to-date Sentinel-2 and 
Sentinel-3 data from ESA. The timeline for the acquisition of satellite imagery and ECMWF 
data is illustrated in Table 1 along with different stages of the phenological cycle of FCV is also 
provided in Table 1. 
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Figure 2. Yar Hussain- Locality Map 

Table 1: Data acquisition date of satellite imagery 

Stages DOY 

Initial Season 

16th March 

21st March 

31st March 

Development Season 

10th April 

15th April 

25th April 

30th April 

5th May 

Mid-Season 

10th May 

13th May 

18th May 

28th May 

4th June 

Late Season 

12th June 

24th June 

29th June 
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In Figure 3 Figure 2 below, we present the extensive SENET execution designed for the 
precise estimation of ET. The components showcased in the figure intricately outline the step-
by-step workflow employed for ET estimation. Each of these steps is meticulously expounded 
upon in the respective sections dedicated to Sentinel-2, Sentinel-3, and ECMWF data sources. 

This workflow unfolds systematically, progressing through each stage in a carefully 
orchestrated manner, as detailed in the forthcoming subsections. This deliberate approach 
ensures a comprehensive and thorough assessment of ET, drawing on the combined strengths 
of the Sentinel satellites and ECMWF data, thus facilitating a robust and accurate estimation 
process. 

 
Figure 3: ET Calculation Cycle 

Sentinel-2: 
The ESA Sentinel-2 satellite represents a significant asset for remote sensing 

applications. It provides high-resolution multispectral level-2A imagery, acquired through the 
agency's scientific data hub webpage (ESA). Despite being equipped with a single MSI, this 
instrument encompasses an impressive array of 13 distinct spectral channels. What sets Sentinel-
2 apart is its deployment as a constellation of satellites, all outfitted with identical sensors. This 
collective effort results in an impressive 5-day revisit time, a crucial feature for applications like 
land-use mapping, where consistent and up-to-date imagery is paramount. 

The Sen ET project aimed to optimize the estimation of ET at a fine geographic scale 
(tens of meters) by leveraging data collected from the Sentinel 2 and Sentinel 3 satellites in 
tandem [20]. SENET processes the data acquired by these satellites to calculate the ET of 
specific regions. Sentinel-2 data is collected for analysis once every five days [21], indicating the 
real-time data for the Sentinel-2 satellite is not presently accessible. Nonetheless, the available 
data is sufficiently valuable for a range of applications. On the other hand, data from Sentinel 3 
is made available daily, but compatibility issues may occasionally limit its utility. 

To estimate evapotranspiration using remote sensing, we begin by acquiring satellite 
imagery with bands in the visible, near-infrared, and thermal infrared regions. We preprocessed 
the imagery by applying atmospheric correction algorithms to account for atmospheric effects. 
We calculated reflectance which can be seen in Figure 4: Sentinel 2 Reflectance, for each band 
using sensor-specific parameters and correct for bidirectional reflectance. Further adjusted for 
terrain effects to obtain surface reflectance. Then combine bands to create vegetation indices 
such as NDVI or EVI, which are indicative of vegetation health. Finally, these reflectance values 
and vegetation indices in evapotranspiration models, consider factors like land cover and 
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meteorological data. The formula to calculate ToA reflectance for remote sensing bands is given 
by: 

𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 =  
𝐷𝑁 𝑋 𝐺𝑎𝑖𝑛

cos( 𝑆𝑜𝑙𝑎𝑟 𝑍𝑒𝑛𝑖𝑡ℎ 𝐴𝑛𝑔𝑙𝑒)
 

Where: 
• Reflectance is the calculated reflectance. 
• DN is the Digital Number from the satellite sensor. 
• Gain is the radiometric calibration factor for each band. 
• Cos (Solar Zenith Angle) is the cosine of the solar zenith angle, which is the angle 

between the sun and the zenith. 

 
Figure 4: Sentinel 2 Reflectance 

From the preprocessed Sentinel 2 data, four key output parameters are computed: 
Reflectance, Biophysical data, Sun Zenith Angle and Mask data. These components undergo 
preprocessing, specifically the Mask data, Sun Zenith Angle, Reflectance, and Biophysical data. 
The Mask data enables the generation of elevation and landcover maps. Biophysical 
characteristics play a crucial role in controlling both reflectance and transmittance. Through the 
integration of biophysical factors along with the sun's zenith angle, it becomes feasible to 
compute the proportion of green vegetation in a given area. This valuable metric, known as the 
"green percent," is a pivotal component in characterizing the vegetative landscape. The 
combination of land cover maps and biophysical data further enriches our understanding of the 
structural attributes within a specific ecosystem. 

Biophysical data derived from remote sensing is crucial for monitoring and 
understanding changes in Earth's surface, ecosystem health, and environmental conditions, and 
it serves as input for various environmental models and studies. Biophysical data in the context 
of remote sensing typically refers to quantitative information about the physical characteristics 
of Earth's surface, vegetation, and other features. Some common biophysical parameters include 



                              International Journal of Innovations in Science & Technology 

March 2024|Vol 6 | Issue 1                                                                               Page |192 

land cover, vegetation indices, LAI, and fractional vegetation cover. The NDVI is a widely used 
vegetation index calculated from remote sensing data, and it represents the greenness and health 
of vegetation. The formula for NDVI is: 

𝑁𝐷𝑉𝐼 =  
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝑅𝑒𝑑
 

Where: 
• NIR is the reflectance in the near-infrared band. 
• Red is the reflectance in the red band. 

LAI is another important biophysical parameter that characterizes the amount of 
vegetation in a canopy. It is often derived from remote sensing data using vegetation indices and 
specific algorithms. Fractional vegetation cover is the proportion of a pixel covered by 
vegetation, and it can be estimated from satellite imagery using methods that take into account 
the spectral characteristics of different land cover types. 

The solar zenith angle is an astronomical term that defines the angle between the sun 
and the zenith point (directly overhead point) at a specific location on Earth's surface. It is a key 
parameter in remote sensing, influencing the amount of solar radiation reaching the Earth's 
atmosphere and surface. The solar zenith angle varies throughout the day and across different 
latitudes and seasons. The formula to calculate the solar zenith angle (θs) is given by: 

cos(𝜃) = sin(∅) . sin(𝛿) + cos(∅) . cos(𝛿) . cos (𝜔) 
Where: 

• ϕ is the latitude of the location. 
• δ is the solar declination angle. 
• ω is the hour angle of the sun. 

Understanding the solar zenith angle is crucial in remote sensing applications because it 
affects the angle at which sunlight interacts with the Earth's surface. In the context of calculating 
reflectance, as mentioned earlier, the solar zenith angle is used to correct for the varying angle 
of sunlight and to normalize the reflectance values. The cosine of the solar zenith angle is often 
used in the reflectance calculation to account for the changing angle of incidence of solar 
radiation. As the solar zenith angle approaches 90 degrees (sun near the horizon), the radiation 
has to travel through a thicker layer of the atmosphere, which can affect the quality of remote 
sensing data. 
Sentinel-3: 

In the realm of ET estimation using Sentinel-3 processing, the methodology unfolds in 
distinct stages to extract essential information for accurate analysis. The initial preprocessing 
phase within Snap generates three key outputs: LST, Observation Geometry, and the Sentinel 3 
Mask. These outputs set the stage for subsequent calculations. The "Warp to Template" stage, 
a pivotal step in Sentinel-3 processing, aligns and harmonizes these outputs to ensure 
compatibility between images. This alignment is critical for integrating Land-Surface 
Temperature, Observation Geometry, and the Sentinel 3 Mask seamlessly, forming a cohesive 
foundation for further analysis. LST which is shown in Figure 5: LSTis a crucial parameter 
utilized in estimating evapotranspiration through remote sensing applications. LST represents 
the temperature of the Earth's surface and is measured by thermal infrared sensors onboard 
satellites. In the context of evapotranspiration estimation, LST serves as a key input in energy 
balance models. These models, such as the SEBAL or the SSEB, leverage LST data to calculate 
the energy exchanges occurring at the land surface. Specifically, LST plays a pivotal role in 
distinguishing between sensible and latent heat fluxes. The temperature information captured 
by remote sensing technologies enables the quantification of the energy used for heating the 
atmosphere (sensible heat) and the energy consumed in the process of water evaporation and 
plant transpiration (latent heat). This distinction is fundamental for accurately assessing 
evapotranspiration rates, providing valuable insights into water consumption patterns across 
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various landscapes, and supporting informed decision-making in agriculture, water resource 
management, and environmental monitoring. 

 
Figure 5: LST 

Following this, a refinement of Land-Surface Temperature takes place, involving 
intricate adjustments that incorporate the reflectance band from Sentinel-2, the Land-Surface 
Temperature from Sentinel-3, and the templating information from Sentinel-3 which is shown 
in Figure 6: Sharpen Land Surface Temperature (Sharpen LST)represents the sharpened land 
surface temperature of the studied area. These fine-tuning steps are instrumental in enhancing 
the precision and reliability of Land-Surface Temperature data, thereby ensuring the accuracy of 
subsequent ET analyses. The adjustments made during processing, particularly those related to 
Sentinel-2 reflectance, Sentinel-3 Land-Surface Temperature, and Sentinel-3 templating, bear 
paramount importance, forming the cornerstone for generating reliable data that underpins in-
depth analysis and interpretation of ET patterns. 
ECMWF: 

The data, originating directly from Snap, undergoes a sequential process involving the 
use of the S2 elevation graph and NetCDF file for reanalysis [22]. Figure 7 represents the 
meteorological data and the parameters that have been used including air humidity data, pressure 
data, wind data, and solar radiations. The incorporation of ERA5 reanalysis data is pivotal in 
generating estimates of long-wave irradiation. Computation of Net Shortwave Radiation is a 
multifaceted task, requiring the integration of reflectance and transmittance estimates, 
biophysical attributes, vegetation structural characteristics, Reanalysis data, and the "Warp to 
Template" process. Land Surface Fluxes, a critical parameter in environmental and ecological 
studies, are accurately estimated by utilizing datasets such as S3-Sharpened LST, S3-LST, S2-
Biophysical Properties, S2-Vegetation Structural Parameters, S2-Green Vegetation Fraction, S2-
Aerodynamic Roughness, ERA5 Reanalysis data, Net Shortwave radiation, Longwave irradiance, 
and S2-Mask. 
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Figure 6: Sharpen Land Surface Temperature (Sharpen LST) 

 
Figure 7: Fluctuation in Air Temperature in the study site 
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The primary data source was directly obtained from the ECMWF repository, and this 
data undergoes processing using Sentinel-2 and ECMWF data files for a comprehensive 
reanalysis. Leveraging reanalysis data is instrumental in calculating an estimate of long-wave 
irradiation. The calculation of Net Shortwave Radiation involves a meticulous approach, 
incorporating estimated reflectance and transmittance, biophysical attributes, and vegetation 
structural characteristics. The integration of Reanalysis data and the implementation of the 
"Warp to Template" process ensure accuracy in these calculations. The estimation of Land 
Surface Fluxes relies on various datasets, including Sentinel-3 land surface temperature, Sentinel-
2 biophysical properties, Sentinel-2 vegetation structural parameters, Sentinel-2 aerodynamic 
roughness, Reanalysis data, Net Shortwave radiation, Longwave irradiance, and Sentinel-2 Mask. 
This comprehensive methodology contributes to accurate estimations of Land Surface Fluxes 
which are shown in Figure 8: Land Surface Energy Fluxes, providing invaluable insights for 
sustainable resource management and environmental conservation efforts by unraveling 
intricate ecosystem interactions. Land surface energy fluxes are fundamental components in 
estimating evapotranspiration through remote sensing methodologies. Remote sensing 
technologies capture crucial information about the exchanges of energy between the Earth's 
surface and the atmosphere, facilitating the quantification of key flux components. Incoming 
solar radiation is absorbed by the land surface, driving processes like photosynthesis and surface 
heating. Outgoing terrestrial radiation represents the heat emitted by the Earth, influencing 
nighttime temperatures. Sensible heat flux, measured through temperature differentials, 
indicates the energy transferred as heat between the land surface and the atmosphere. Latent 
heat flux, associated with the phase change of water, encompasses the energy consumed during 
evaporation from soil and transpiration from plants. Utilizing remote sensing data, particularly 
from thermal infrared sensors, enables the estimation of land surface temperature, a critical 
parameter for separating sensible and latent heat fluxes. This information contributes to accurate 
models, such as the SEBAL, enhancing the assessment of evapotranspiration rates across diverse 
landscapes and supporting water resource management and environmental monitoring. 

 
Figure 8: Land Surface Energy Fluxes Result 
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Figure 9: Spatial distribution of Evapotranspiration.  

Figure 9: represents the map of the studied area. The red color in the above figure 
represents the highest evapotranspiration in the observed region. In Table 2, we can observe 
that the trend shown by the estimated calculated ET values aligns with the average value derived 
from all the surveyed tobacco fields. Due to the irregular usage of irrigation on these lands, a 
noticeable contrast emerges. It appears that the farmers are not factoring in the ETc values, as 
they continue to irrigate their crops in the same manner and at the same time daily. The irrigation 
process does not consider the growth stages of FCV or their specific water requirements. The 
variance between the computed ET and the required ET values can be attributed to various 
factors, including human error, insufficient rainfall, or improper irrigation practices. 

Table 2: ETc vs Actual Mean Results 

Stages DOY ETc mm/day Actual ET Mean 

Initial Season 

3/16/2022 1.65 4.298256 

21st March 
1.87 

5.14646 

31st March 5.15096 

Development Season 

10th April 2.31 5.096235 

15th April 3.52 4.520898 

25th April 
5.49 

4.618627 

30th April 5.270093 

5th May 
7.69 

5.543481 

Mid-Season 

10th May 6.486178 

13th May 
8.89 

7.255595 

18th May 7.16988 

28th May 9.19 7.600814 

4th June 9.23 7.035744 

Late Season 12th June 8.69 7.23139 
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24th June 
7.27 

8.355929 

29th June 8.047527 

The pattern shown by the estimated computed ETc values, which closely match the 
average value produced from all the sampled tobacco fields, is illustrated in Figure 10: Calculated 
ET Mean vs Actual ET. However, the inconsistent use of irrigation on these farms causes a 
glaring disparity. The discrepancies that have been found are a result of these inconsistent 
irrigation practices. 

Farmers continue to water their crops consistently and at set times each day, even though 
the ETc values are not being considered in the irrigation routines. Additionally, it appears that 
the FCV plant's many growth stages and their unique water needs during the irrigation period 
are not being considered. 

There are many reasons for the apparent discrepancy between the computed ET and the 
necessary ET values, including possible human error, insufficient rainfall, or maybe ineffective 
irrigation techniques. This difference highlights the urgent need to put more precise and 
customized irrigation management systems into place. Such plans should be created to consider 
the distinct growth phases of the FCV plant, maximizing water efficiency and encouraging 
sustainable agriculture methods. We may strive toward a more effective and long-lasting strategy 
for irrigation within the tobacco farming environment by addressing these aspects. 

 
Figure 10: Calculated ET Mean vs Actual ET 

• The water requirements for FCV tobacco vary with the seasons, as indicated by the 
primary ETc graph. However, it is evident from these graphs that this fundamental 
principle has not been considered. 

• Variances in Real ET values among fields that are in close physical proximity are typically 
the result of either a water deficit or surplus. 

• Tobacco fields situated near waterways exhibit higher Real ET values, whereas those 
farther from the canals show lower values. 

• In contrast, low-lying areas receive a uniform level of irrigation. 

• The seasonal rise in ETc levels generally follows a consistent pattern. 

• The average graph reveals opportunities for enhancing water conservation and 
increasing yields. 

• Local farmers can potentially save a significant amount of water at the start of the season 
by aligning with the trend of ETc values. Subsequently, rainfall can fulfill most of the 
water requirements in April and May, preserving a substantial volume of water for other 
purposes. 
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The provided data illustrates the progression of a crop through various growth stages, 
each associated with a specific day of the year. In the initial season, starting from the 16th of 
March, the crop's water requirement gradually increased, reaching 1.87 by the end of March, 
while the ETa showed an even steeper rise, peaking at 5.15096. The development season, 
commencing on the 10th of April, exhibited a more pronounced increase in crop water 
requirement, reaching 7.69 by the 5th of May, while the actual ET fluctuated, indicating some 
variability in water utilization. The mid-season, from the 10th of May, demonstrated consistent 
water requirements, peaking at 9.23, with actual ET values showing fluctuations in the crop's 
water utilization. As we entered the late season, starting from the 12th of June, the crop's water 
requirement decreased to 7.27, while actual ET indicated a slight increase. 

From an agricultural perspective, it is crucial to note that the actual ET values play a 
significant role in assessing the effectiveness of irrigation practices. Discrepancies between crop 
water requirements and actual ET values can provide insights into water management. For 
instance, during the development season, the actual ET often lagged behind the crop's water 
requirement, suggesting potential opportunities for more efficient water use. Additionally, the 
fluctuations in actual ET during the mid-season raise questions about the consistency of 
irrigation practices. 
Discussion: 

In this dissertation, we utilized a combination of Sentinel-2, Sentinel-3, and ECMWF 
data to predict water evaporation in Tobacco crops within the Yar Hussain, Swabi region. Our 
study incorporated data from FAO CropWat and the Mardan meteorological station to compare 
crop water demand ETc with available crop water supply ETa across four growth stages. The 
identification of Tobacco fields involved on-the-ground data collection and landcover 
classification through machine learning and deep learning techniques. We further analysed ETa 
data from five distinct union councils using ESA SENET. The results indicated an excessive 
water supply to the crops during their growth phases, with inconsistencies noted when 
comparing observed ETa and ETc values to irrigation scheduling during development and 
midseason periods. 

Our research underscores the reliability and value of the SENET-based ETa estimation 
method for a wide region. However, we acknowledge the need for additional research and effort 
to comprehensively develop this field. Future research avenues include optimizing water 
management practices through real-time meteorological data integration and advanced 
algorithm development, preventing over-irrigation while accurately estimating crop water 
requirements. Extensive field validation tests are proposed for validation and calibration 
purposes to enhance model precision and adaptability. Incorporating additional relevant data 
sources, such as soil moisture measurements, crop growth stage information, and soil 
parameters, is identified as a potential strategy to improve model accuracy and provide a 
comprehensive understanding of water balance dynamics. 

Furthermore, customization of ETa models tailored to individual crops is suggested, 
allowing for more precise estimates and water management strategies aligned with specific 
farming practices. The discussion also extends to the implementation of the proposed ETa 
estimation methodology on a larger scale. Coordination with water management authorities, 
policymakers, and agricultural stakeholders may be necessary for integrating the model into 
existing agricultural monitoring systems and decision-support tools. By addressing these 
questions, our research aims to enhance water resource management and agricultural 
productivity in numerous regions, offering accurate and widely applicable ETa estimation 
models based on remote sensing. 
Conclusion: 

In this study, we utilized data from Sentinel-2, Sentinel-3, and ECMWF weather sources 
to estimate actual ETa for tobacco crops in the Yarhussain region of Swabi. Comparative 
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analysis was performed between the ETa trends and FAO CropWat estimates for tobacco crop 
water requirements ETc across four distinct growth stages. Through ground truth surveys, six 
random tobacco fields were identified per union council in Yarhussain. The findings highlighted 
a pattern of excessive irrigation during the initial and development phases, coupled with irregular 
scheduling in the development and mid-season stages. These observations underscore the 
potential applicability of our methodology in broader geographical regions. This study 
underscores the significance of refining irrigation practices for effective water management in 
agriculture. 
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