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Evapotranspiration (ET) is a major component of the water cycle and agricultural water balance. Estimation of water
consumption over agricultural areas is important for agricultural water resources planning, management, and regulation. It
leads to the establishment of a sustainable water balance, mitigates the impacts of water scarcity, as well as prevents the
overusing and wasting of precious water resources. As evapotranspiration is a major consumptive use of irrigation water
and rainwater on agricultural lands, improvements of water use efficiency and sustainable water management in
agriculture must be based on the accurate estimation of ET.
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| 1. Role of Evapotranspiration in Agricultural Water Management

Evapotranspiration (ET) represents the combination of evaporation and transpiration, where evaporation is vaporization
from soil surface, or water surface, and transpiration is plant water absorption from the root zone . Both precipitation and
ET represent the climate of a region and are used as a decision support tool for water management in agriculture. While
contributing to the surface energy balance, ET quantifies the water requirement for efficient water management 22!,
Water conservation in E- based irrigation scheduling is a rising concern on a global, as well as local, scale, while
improving water productivity 4. Not only in irrigation assessments, but also in the accurate modelling of river basin
hydrology, estimation of local ET is one of the essential tasks 2. Li [ quantified that approximately 60% of the average
precipitation will be subjected to ET from the land surface. Additionally, for vegetated lands, ET rates are the same as the
water absorption rates of the vegetation and, thus, ET can be used as a measure of plant water stress . With the
insufficient water allocations, a cut down on water supply may affect the harvest and, ultimately, intimidate food security. In
this regard, optimizing the water management system and the accurate estimation of evapotranspiration are very
important 8. Krishna ! highlighted that the accurate estimation of ET is important because understanding and quantifying
the processes governing ET clarifies the uncertainties in the behavior of the hydrologic cycle with the changing climate.
Since ET is a critical factor in water balance at plot scale to global scale, well-grounded ET estimations are required to
regulate the components of the irrigation system: the size of canals and dams, and the capacity of pumps .

Evapotranspiration facilitates the continuous energy flux across the hydrosphere, atmosphere, and biosphere A9 Since
the crop water requirement is a dynamic parameter, it should capture the water stocks, fluxes, and their change over time.
All measurements can be particularly challenging, as they require adequate devices and sensors for consistent monitoring
and data recording 1. The ET process is significantly contributing to moisture return into the atmosphere & Analyzing
the contribution of the three modes of water supply to the ET, Moiwo & concluded that precipitation is the major
contributor to ET (39.0%), followed by soil water (36.3%), and then irrigation (24.7%). Every aspect of productivity in the
ecosystem is depending on ET 2l In most cases, ET estimation is affected by the heterogeneity of vegetation, and it is
more complicated during dynamic flux periods following precipitation and irrigation LQ[24I15[161[L7]

| 2. Climate Change and Agricultural Water Crisis/Demand

Agriculture is one of the sectors most sensitive to, and greatly influenced by, climate change and climate variability. The
Intergovernmental Panel on Climate Change (IPCC) and the Food and Agriculture Organization (FAO) have identified the
agriculture industry as one of the most vulnerable industries affected by climate change, particularly in developing
countries. This has raised the concern of the scientific community and, due to recent technological developments, drone
technologies have been integrated into an Innovative Agrometeorological Methodology for the Precise and Real-Time
Estimation of Crop Water Requirements 8. Climate change will trigger numerous and complex impacts on water
resources and agriculture 22, It is evident that climate change will alter the soil water balance, which causes changes in



evaporation and transpiration. Repercussions can be drastic changes in agricultural production, effects on the availability
and quality of water, and increases in the frequency and severity of extreme droughts and floods 29, As the mitigation and
adaptation of climate change impacts on agricultural water, particularly agricultural water saving, improving the efficiency
of water consumption and reusing agricultural water are state-of-the-art technologies in agriculture 2, Lopez 22
proposed a sustainable water management method to reduce the extensive groundwater extraction for irrigated
agriculture and highlighted the importance of sustainable water management policies under possible climate change
scenarios.

Atmospheric temperature is projected to increase with the climate change, and it provides more energy to cause more
evaporation. Unfortunately, evaporated water cannot be used for agricultural production 23, The rising temperature and
reduced precipitation will drastically reduce crop production and yield. Therefore, it is important to understand the role of
evapotranspiration to reduce the effects of future water crisis under the changing climate 23, Entezari 24! has investigated
the possibility of recycling the evapotranspiration water within a greenhouse for sustainable agriculture and air-water
harvesting technology (AWH) has been introduced to get liquid water in arid or desert areas. Analyzing the impacts of
climate change on agricultural water resources, Xing-Guo 22 used the Global Climate Model (GCM) composite
projections with three scenarios and showed that there has been a significant change in the climate on the study region
over the past 60 years. They found that regional average ET will increase in all three scenarios and, when compared with
the 1990s, ET will increase by 6-10% in the 2050s. However, GCMs are too coarse in assessing local changes. Many
researchers use Regional Climate Models (RCMs) to address climate change and possible effects on water availability
and mentioned the effects of model resolution on projection accuracy 28127128 To assess the spatiotemporal variation in
climatic water availability (CWA) and crop water demand using long-term rainfall and temperature data, Salman 22 ysed
simple water-balance equations and identified that when the temperature increases it contributes to an increment in
evapotranspiration, which leads to a large increase in crop water demand and a decrease in climatic water availability.

| 3. Importance of Accurate ET Estimation in Precision Agriculture

Precision agriculture can be defined as optimizing the growth conditions of crops using state-of-the-art sensors 2%, Smart
agriculture is the further development of precision agriculture with optimization using partial or complete automation.
Digital agriculture consists of applications of the methods of “Precision and Smart agriculture” including interconnected
components and processes of the farm operated by web-based data platforms together with Big Data analysis BB, Big
Data analysis plays a main role in data management in digital agriculture. However, it is difficult to implement the
digitalization of agriculture in most countries due to the lack of required technology, such as efficient mobile
telecommunication infrastructure and facilities BY. The conventional farming practices, which used to manage agricultural
fields without considering the heterogeneity in geomorphology, soil parameters, crop growth stages, and other agronomic
parameters, cause inverse impacts such as nutrient leaching, environmental contamination, and loss of profit 22,
However, precision agriculture uses spatially distributed information with accurate information processing and reliable
decision-making tools. Geographic information systems and remote sensing (GIS & RS), Global Navigation Satellite
System (GNSS), harvest monitoring, and variable-rate irrigation technology (VRT) 22l are the compelling feature of
precision agriculture.

In precision agriculture, evapotranspiration (ET) plays a major role. As evapotranspiration is the most challenging
component in agricultural water management, accurate ET estimation is required to understand the water balance and
hydrological processes, climatic variations, and ecosystem processes. Accurate ET estimation is required for drought
monitoring, hydrological model validations, weather forecasts, and to predict forest fires 34, Since the irrigation water is
insufficient for the total agricultural demand, precise crop water requirement is very important for accurate management
and conservation of agricultural water B2, Precise and accurate crop water demand assessment needs the accurate
estimation of evapotranspiration. Koech 8 highlighted the requirement of water-efficient technologies and practices to
achieve sustainable water resources in agriculture. Furthermore, Blatchford B2 identifies the crop water productivity
(CWP) through digital technologies to evaluate the water-use efficiency in agriculture. As precision agriculture contains
concepts of monitoring, measuring, and responding to variability in the crops, it basically expects reduction in the cost of
cultivation, optimized resource use, and higher efficiency through real-time facts and figures sent via the sensors attached
to the farm machineries in the field 8. In semi-arid and arid regions, higher efficiency in irrigated agriculture can be
achieved through the precision agriculture applications. For example, drip irrigation techniques combined with remotely
sensed canopy air temperature measurements will improve the water-use efficiency and minimize the runoff and
percolation losses [,



| 4. Current Status of the ET Estimation in Agricultural Water Management

In the 21st century, the general agreement was that advancements of ET technology have still been used in research
rather than in applications. Usage of spatial science techniques such as remote sensing and satellite technology for ET
estimation in agriculture has been very popular recently. It provides a consistent and cost-effective solution for field-based
measurement methods. Generally, sensors in the field provide the input recommendations and regulate the water and
nutrients requirement. Spatial variation of these requirements will be captured by GPS receivers B4, Therefore,
automated farm management using agricultural automation equipment and systems will be widely used in the future.
Deep learning and spectral analysis technology ¥9 can be identified as examples for them. Moreover, computer vision
supported by artificial intelligence (Al) functions can be used to achieve economical, reliable, and the steady performance
of the agricultural automation systems 9. Most importantly, the recorded spatial and temporal variation of ET data must
be accessible in productive and successful precision agriculture. Future studies on ET-based agriculture water
management will be benefitted through the development of open-access ET databases. This concept is under
development by various organizations such as the US Geological Survey, US Department of Agriculture, the
Commonwealth Science and Industrial Research Organization of Australia, and the Chinese Academy of Sciences (2.

Accurate estimation of evapotranspiration is a tedious task. However, it is required for water management in agriculture
and the design and functioning of irrigation systems 4. Although the water balance approach is the simplest way in the
estimation of evapotranspiration, the unknown water movements through the boundary causes errors in the water balance
method. Nolz [ proposed to identify these movements through an advanced sensor arrangement system by obtaining
details about the occurrence and the movement of subsoil water and groundwater. Conventional ET estimation techniques
are associated with field measurements such as leaf temperature and leaf area, wind speed, vapor pressure, surface
roughness, gas concentration (water vapor, CO,), etc. 42431441 when it comes to extensive terrain, measurements of
these parameters are quite difficult and need to be extrapolated or interpolated with limited accuracy €43 The empirical
methods have the advantages of computational timesaving and less requirements of ground-based measurements over
homogeneous areas, but over the regions with great variability of land surface characteristics, it cannot always function
successfully. Ghiat 4 specifies the Penman—Monteith equation, Stanghellini model, Priestley-Taylor model, and
Hargreaves—Samani into the mechanistic and empirical model category. However, the accuracy of these empirical models
is compromised by the integration of empirical constants, and it leads to the over estimation of ET. The physically based,
analytical methods are able to provide ET estimations in good agreement with measurements, but generally have a large
data requirement 4148l These field scale measurement systems include lysimeters, Bowen ratio, eddy covariance
systems, surface renewal systems, scintillometers, and classical soil water balancing BE144] Sometimes it may not be
financially feasible to setup instruments throughout the catchment. Most of the cases of the FAO Penman—Monteith
method is accepted as the representative ET estimation and crop coefficient (K) estimation method because it works with
accurate lysimeter observations 4244 According to Subedi 43 and Maina 42, Penman—Monteith equation is the most
representative ET estimation method. However, the aerodynamic terms used in the Penman—Monteith equation can be
calculated without ambiguity and the most complicated part is the calculation of the canopy surface resistance 47481,
Thus, more focus should be on the estimation of accurate surface resistance. Additionally, Subedi 43 highlighted one
shortcoming of the Penman—Monteith equation in advective condition as it cannot incorporate the horizontal movement of
sensible heat flux perfectly.

The application of the Penman—Monteith method is not possible where detailed meteorological data is not available. In
such a case, Lang 49 compares three radiation-based methods (Makkink, Abtew, and Priestley—-Taylor) and five
temperature-based methods (Hargreaves—Samani, Thornthwaite, Hamon, Linacre, and Blaney-Criddle) with the
Penman—Monteith method on a yearly and seasonal scale. The key finding was that radiation-based methods for PET
estimation performed better than temperature-based methods among the selected methods in the study area.
Furthermore, for low latitude, warm regions most suitable methods are Makkink and Abtew and, for regions with complex
geographic features, the Makkink method is suitable. Tegos B9 presents a new parametric radiation-based model to
estimate PET which shows excellent predictive capacity. The only drawback of this model is that it requires local
calibration to apply for similar watersheds. In addition, the field measurement of evapotranspiration with the lysimeter
experiment is very accurate, but costly and time consuming. Therefore, ET is often predicted based on climatological data.

Many researchers assessed both temperature-based and radiation-based methods in estimating ET for different case
studies. In addition, some researchers successfully used state-of-the-art technologies in the estimation of the spatial and
temporal distribution of ET [21. Remote sensing technology is heavily used in the field of agricultural research as they
widely use various soil parameters, climatic factors, and other physio-chemical variations which vary spatially and
temporally LUEABABUGEZ The well-established use of remote sensing technologies and the ever-growing availability of
EO data lead to the development of global PET datasets by means of remote monthly temperature data 33, Remote



sensing can also be used for crop classification, crop monitoring during the growth season, and crop production
assessment. In this regard, the remote sensing technology with global positioning systems (GPS) and geographical
information systems (GIS) can be used to improve the efficiency in agricultural activities such as farmland extent
estimation, crop growth stages monitoring, soil moisture and fertility evaluation, crop stress detection, diseases and pest
disperse, drought and flood situations monitoring, and weather forecasting [B2E4155]56](57],

Reyes-Gonzalez & identifies that satellite-based remote sensing can be used to estimate the evapotranspiration to
estimate the crop water use efficiently. They have investigated key elements that control the ET rates, such as weather
factors, crop factors, and soil factors including meteorological measurements, crop information, and geo-hydraulic
properties. Furthermore, due to spatial heterogeneity of these parameters, estimated ET values are varying in space and
time with the variation of climate and growth stages of plants. Wu B8 highlighted that the implications of uncertainties in
spatial ET modelling are often overlooked in water accounting frameworks due to difficulties in the ground measurements.
Therefore, to capture the spatial and temporal variability of ET, satellite images can be identified as a useful tool 22,

References

1. Nolz, R. Areview on the quantification of soil water balance components as a basis for agricultural water management
with a focus on weighing lysimeters and soil water sensors. J. Land Manag. Food Environ. 2016, 67, 133-144.

2. Afzaal, H.; Farooque, A.A.; Abbas, F.; Acharya, B.; Esau, T. Precision Irrigation Strategies for Sustainable Water Budget
ing of Potato Crop in Prince Edward Island. Sustainability 2020, 12, 2419.

3. Bogawski, P.; Bednorz, E. Comparison and Validation of Selected Evapotranspiration Models for Conditions in Poland
(Central Europe). Water Resour. Manag. 2014, 28, 5021-5038.

4. Krishna, P.A. Evapotranspiration and agriculture—A review. Agric. Rev. 2018, 40, 1-11.

5. Karimi, P.; Bastiaanssen, W. Spatial evapotranspiration, rainfall and land use data in water accounting—Part 1: Review
of the accuracy of the remote sensing data. Hydrol. Earth Syst. Sci. 2015, 19, 507-532.

6. Li, Z.-L.; Tang, R.; Wan, Z.; Bi, Y.; Zhou, C.; Tang, B.; Yan, G.; Zhang, X. A Review of Current Methodologies for Region
al Evapotranspiration Estimation from Remotely Sensed Data. Sensors 2009, 9, 3801-3853.

7. Hao, P.; Di, L.; Guo, L. Estimation of crop evapotranspiration from MODIS data by combining random forest and trapez
oidal models. Agric. Water Manag. 2021, 259, 107249.

8. Reyes-Gonzalez, A. Using Remote Sensing to Estimate Crop Water Use to Improve Irrigation Water Management. Pub
lished Doctoral Dissertation, South Dakota State University, Brookings, SD, USA, 2017.

9. Kharrou, M.; Simonneaux, V.; Er-Raki, S.; Le Page, M.; Khabba, S.; Chehbouni, A. Assessing Irrigation Water Use with
Remote Sensing-Based Soil Water Balance at an Irrigation Scheme Level in a Semi-Arid Region of Morocco. Remote
Sens. 2021, 13, 1133.

10. Wang, P.; Song, X.; Han, D.; Zhang, Y.; Zhang, B. Determination of evaporation, transpiration and deep percolation of s
ummer corn and winter wheat after irrigation. Agric. Water Manag. 2012, 105, 32-37.

11. Calera, A.; Campos, |.; Osann, A.; D'Urso, G.; Menenti, M. Remote Sensing for Crop Water Management: From ET Mo
delling to Services for the End Users. Sensors 2017, 17, 1104.

12. Moiwo, J.P.; Tao, F. Contributions of precipitation, irrigation and soil water to evapotranspiration in (semi)-arid regions. |
nt. J. Clim. 2014, 35, 1079-1089.

13. Liu, Y.; EI-Kassaby, Y.A. Evapotranspiration and favorable growing degree-days are key to tree height growth and ecos
ystem functioning: Meta-analyses of Pacifc Northwest historical data. Sci. Rep. 2018, 8, 8228.

14. Gowda, P.H.; Chavez, J.L.; Colaizzi, P.D.; Evett, S.R.; Howell, TA.; Tolk, J.A. Remote Sensing Based Energy Balance
Algorithms for Mapping ET: Current Status and Future Challenges. Trans. ASABE 2007, 50, 1639-1644.

15. Evett, S.R.; Schwartz, R.C.; Casanova, J.; Heng, L.K. Soil water sensing for water balance, ET and WUE. Agric. Water
Manag. 2012, 104, 1-9.

16. Geli, H.M.E.; Gonzalez-Piqueras, J.; Neale, C.M.U.; Balbontin, C.; Campos, I.; Calera, A. Effects of Surface Heterogen
eity Due to Drip Irrigation on Scintillometer Estimates of Sensible, Latent Heat Fluxes and Evapotranspiration over Vine
yards. Water 2020, 12, 81.

17. de Andrade, B.C.C.; Pinto, E.J.D.A.; Ruhoff, A.; Senay, G.B. Remote sensing-based actual evapotranspiration assessm
ent in a data-scarce area of Brazil: A case study of the Urucuia Aquifer System. Int. J. Appl. Earth Obs. Geoinf. ITC J. 2
021, 98, 102298.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Alexandris, S.; Psomiadis, E.; Proutsos, N.; Philippopoulos, P.; Charalampopoulos, I.; Kakaletris, G.; Papoutsi, E.-M.; V
assilakis, S.; Paraskevopoulos, A. Integrating Drone Technology into an Innovative Agrometeorological Methodology for
the Precise and Real-Time Estimation of Crop Water Requirements. Hydrology 2021, 8, 131.

Sun, S,; Li, C.; Wu, P,; Zhao, X.; Wang, Y. Evaluation of agricultural water demand under future climate change scenari
os in the Loess Plateau of Northern Shaanxi, China. Ecol. Indic. 2018, 84, 811-819.

Hardelin, J.; Lankoski, J. Climate Change, Water and Agriculture: Challenges and Adaptation Strategies. EuroChoices
2015, 14, 10-15.

Bhakta, I.; Phadikar, S.; Majumder, K. State-of-the-art technologies in precision agriculture: A systematic review. J. Sci.
Food Agric. 2019, 99, 4878-4888.

Lopez, J.R.; Winter, J.M.; Elliott, J.; Ruane, A.C.; Porter, C.; Hoogenboom, G.; Anderson, M.; Hain, C. Sustainable Use
of Groundwater May Dramatically Reduce Irrigated Production of Maize, Soybean, and Wheat. Earth Future 2022, 10,
e€2021EF002018.

Bhatt, R.; Hossain, A. Concept and Consequence of Evapotranspiration for Sustainable Crop Production in the Era of
Climate Change. In Advanced Evapotranspiration Methods and Applications; Bucur, D., Ed.; University of Applied Life S
ciences and Environment in lasi: lasi, Romania, 2019; pp. 535-548.

Entezari, A.; Wang, R.; Zhao, S.; Mahdinia, E.; Wang, J.; Tu, Y.; Huang, D. Sustainable agriculture for water-stressed re
gions by air-water-energy management. Energy 2019, 181, 1121-1128.

Mo, X.-G.; Hu, S.; Lin, Z.-H.; Liu, S.-X.; Xia, J. Impacts of climate change on agricultural water resources and adaptatio
n on the North China Plain. Adv. Clim. Change Res. 2017, 8, 93-98.

Stefanidis, S. Ability of Different Spatial Resolution Regional Climate Model to Simulate Air Temperature in a Forest Ec
osystem of Central Greece. J. Environ. Prot. Ecol. 2021, 22, 1488-1495.

Giménez, P.O.; Garcia-Galiano, S.G. Assessing Regional Climate Models (RCMs) Ensemble-Driven Reference Evapot
ranspiration over Spain. Water 2018, 10, 1181.

Tolika, K.; Anagnostopoulou, C.; Velikou, K.; Vagenas, C. A comparison of the updated very high resolution model Reg
CM3_10km with the previous version RegCM3_25km over the complex terrain of Greece: Present and future projection
s. Theor. Appl. Climatol. 2015, 126, 715-726.

Salman, S.A.; Shahid, S.; Afan, H.A.; Shiru, M.S.; Al-Ansari, N.; Yaseen, Z.M. Changes in Climatic Water Availability an
d Crop Water Demand for Irag Region. Sustainability 2020, 12, 3437.

Griepentrog, H.W.; Uppenkamp, N.; Horner, R.; DLG Committee. Opportunities. Risks. Acceptance: Digital Agriculture;
Food and Agriculture Organization of the United Nations: Frankfurt, Germany, 2018.

Séronie, J.-M. The Digital Revolution, Precision Agriculture and Conservation Farming. 2020. Available online: https://w
ww.willagri.com/2020/01/20/the-digital-revolution-precision-agriculture-and-conservation-farming/?lang=en (accessed o
n 30 October 2020).

Boretti, A.; Rosa, L. Reassessing the projections of the World Water Development Report. NPJ Clean Water 2019, 2, 1
5.

Kingra, P.K.; Majumder, D.; Singh, S.P. Application of Remote Sensing and Gis in Agriculture and Natural Resource Ma
nagement under Changing Climatic Conditions. Agric. Res. J. 2016, 53, 295.

Djaman, K.; O’'Neill, M.; Owen, C.K.; Smeal, D.; Koudahe, K.; West, M.; Allen, S.; Lombard, K.; Irmak, S. Crop Evapotr
anspiration, Irrigation Water Requirement and Water Productivity of Maize from Meteorological Data under Semiarid Cli
mate. Water 2018, 10, 405.

Koech, R.; Langat, P. Improving Irrigation Water Use Efficiency: A Review of Advances, Challenges and Opportunities i
n the Australian Context. Water 2018, 10, 1771.

Blatchford, M.L.; Mannaerts, C.M.; Zeng, Y.; Nouri, H.; Karimi, P. Status of accuracy in remotely sensed and in-situ agri
cultural water productivity estimates: A review. Remote Sens. Environ. 2019, 234, 111413.

Mavridou, E.; Vrochidou, E.; Papakostas, G.A.; Pachidis, T.; Kaburlasos, V.G. Machine Vision Systems in Precision Agri
culture for Crop Farming. J. Imaging 2019, 5, 89.

Sanmugapriya, P.; Rathika, S.; Ramesh, T.; Janaki, P. Applications of Remote Sensing in Agriculture—A Review. Int. J.
Curr. Microbiol. Appl. Sci. 2019, 8, 2270-2283.

Tian, H.; Wang, T.; Liu, Y.; Qiao, X.; Li, Y. Computer vision technology in agricultural automation—A review. Inf. Proces
s. Agric. 2019, 7, 1-19.

Liakos, K.G.; Busato, P.; Moshou, D.; Pearson, S.; Bochtis, D. Machine learning in agriculture: A review. Sensors 2018,
18, 2674.



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Maina, M.; Amin, M.; Rowshon, M.; Aimrun, W.; Samsuzana, A.; Yazid, M. Effects of crop evapotranspiration estimation
techniques and weather parameters on rice crop water requirement. Aust. J. Crop Sci. 2014, 8, 495-501.

Subedi, A.; Chavez, J.L. Crop Evapotranspiration (ET) Estimation Models: A Review and Discussion of the Applicability
and Limitations of ET Methods. J. Agric. Sci. 2015, 7, 50.

Ghiat, I.; Mackey, H.R.; Al-Ansari, T. A Review of Evapotranspiration Measurement Models, Techniques and Methods fo
r Open and Closed Agricultural Field Applications. Water 2021, 13, 2523.

Abdollahnejad, A.; Panagiotidis, D.; Surovy, P. Estimation and Extrapolation of Tree Parameters Using Spectral Correla
tion between UAV and Pléiades Data. Forests 2018, 9, 85.

Yang, A. Evaluation of Evapotranspiration Estimation Methods and Their Impacts on Crop Yield Simulations; Carleton
University: Ottawa, ON, Canada, 2010.

Zhao, W.L.; Qiu, G.Y,; Xiong, Y.J.; Paw U, K.T.; Gentine, P.; Chen, B.Y. Uncertainties Caused by Resistances in Evapot
ranspiration Estimation Using High-Density Eddy Covariance Measurements. J. Hydrometeorol. 2020, 21, 1349-1365.

Meraz-Maldonado, N.; Flores-Magdaleno, H. Maize Evapotranspiration Estimation Using Penman-Monteith Equation a
nd Modeling the Bulk Canopy Resistance. Water 2019, 11, 2650.

Lang, D.; Zheng, J.; Shi, J.; Liao, F.; Ma, X.; Wang, W.; Chen, X.; Zhang, M. A Comparative Study of Potential Evapotra
nspiration Estimation by Eight Methods with FAO Penman—Monteith Method in Southwestern China. Water 2017, 9, 73
4.

Tegos, A. State-of-the-Art Approach for Potential Evapotranspiration Assessment; National Technical University of Athe
ns: Athens, Greece, 2019.

Alvino, A.; Marino, S. Remote Sensing for Irrigation of Horticultural Crops. Horticulturae 2017, 3, 40.

Zeyliger, A.; Ermolaeva, O. Water Stress Regime of Irrigated Crops Based on Remote Sensing and Ground-Based Dat
a. Agronomy 2021, 11, 1117.

Tegos, A.; Malamos, N.; Koutsoyiannis, D. RASPOTION—A New Global PET Dataset by Means of Remote Monthly Te
mperature Data and Parametric Modelling. Hydrology 2022, 9, 32.

Chen, A,; Orlov-Levin, V.; Meron, M. Applying high-resolution visible-channel aerial imaging of crop canopy to precision
irrigation management. Agric. Water Manag. 2019, 216, 196—-205.

Meybeck, A.; Redfern, S. Knowledge and Information for Sustainable Food Systems—A Workshop of the FAO/UNEP P
rogramme on Sustainable Food Systems; Food and Agriculture Organization of the United Nations: Rome, Italy, 2014.

Pereira, L.S.; Allen, R.G.; Smith, M.; Raes, D. Crop evapotranspiration estimation with FAO56: Past and future. Agric.
Water Manag. 2015, 147, 4-20.

Nsiah, J.; Gyamfi, C.; Anornu, G.; Odai, S. Estimating the spatial distribution of evapotranspiration within the Pra River
Basin of Ghana. Heliyon 2021, 7, e06828.

Wu, G.; Hu, Z.; Keenan, T.F; Li, S.; Zhao, W.; Cao, R.C.; Li, Y.; Guo, Q.; Sun, X. Incorporating Spatial Variations in Par
ameters for Improvements of an Evapotranspiration Model. J. Geophys. Res. Biogeosci. 2020, 125, e2019JG005504.

Corbari, C.; Jovanovic, D.; Nardella, L.; Sobrino, J.; Mancini, M. Evapotranspiration Estimates at High Spatial and Tem
poral Resolutions from an Energy-Water Balance Model and Satellite Data in the Capitanata Irrigation Consortium. Re
mote Sens. 2020, 12, 4083.

Stisen, S.; Soltani, M.; Mendiguren, G.; Langkilde, H.; Garcia, M.; Koch, J. Spatial Patterns in Actual Evapotranspiration
Climatologies for Europe. Remote Sens. 2021, 13, 2410.

Retrieved from https://encyclopedia.pub/entry/history/show/60409



