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Abstract: Actual evapotranspiration is one of the major components of the soil water balance equa-
tion. Several methods have been presented for estimating actual evapotranspiration, but the older
methods are not practical because of their spatial and temporal dependence. Recently, the Food and
Agriculture Organization of the United Nations (FAO) created the WaPOR open-access system on
water productivity with the aim of covering countries experiencing water crises in Africa and the
Middle East, and the estimation of actual evapotranspiration (ETa) is one of its main products. This
portal makes it possible to determine water consumption and water productivity on a large scale
with minimal time and cost, so it can be used to manage the agricultural sector. The Google Earth
Engine System (GEE), introduced by Google in 2010, is an effective remote sensing instrument for
gathering important data from satellite imagery. In this study, the actual evapotranspiration maps
of the Maroon-Jarahi basin for 2017 were extracted using the methodology introduced by the FAO
and provided in the WaPOR database, and the coding was performed in the GEE system. The results
showed that the actual evapotranspiration during this period was highest in July and decreased
with the onset of the fall season. Limited water resources are a major obstacle to ensuring food
security. Considering that the agricultural sector consumes most of the water in Iran and worldwide,
water management in the agricultural sector is of great importance. Water productivity is a key
indicator in studying and improving agricultural water management as well as one of the Sustainable
Development Goals. In this study, the actual evapotranspiration (AET), net primary production
(NPP), and water productivity (WP) for the basin were estimated using the WaPOR portal and Google
Earth Engine over a 10-day period with a spatial resolution of 250 m (decadal data). Based on the
obtained results, areas with low water productivity were identified. By studying the existing cropping
patterns, the type of irrigation system used, and the water and soil conditions in these areas, it was
possible to investigate the reason for the low water productivity and propose solutions to improve it.

Keywords: irrigation management; water consumption; WaPOR; evapotranspiration

1. Introduction

The agricultural sector will need to increase food production by 60% in developed
countries and 110% in developing countries by 2050 to satisfy future food demand because
more than 70% of the world’s freshwater is used for irrigation. In recent decades, water
resources have declined because of population growth and climate change. Long droughts,
increased demand for agricultural products, a lack of water, and the availability of agri-
cultural land are posing serious threats to food production. Therefore, increasing crop
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production per unit of water consumption, known as crop water productivity, is considered
a key strategy for ensuring food security [1]. Water productivity is a key factor in studying
the production of agricultural products and the efficiency of water resources [2]. Crop
yield and evapotranspiration (ET) are typically used to estimate water productivity. Crop
yield is influenced by a variety of factors, including soil fertility, disease control, and agri-
cultural practices, whereas ET changes depending on the type of irrigation and drainage
system used as well as the climatology and rainfall patterns [3]. From the field scale to
the continental scale, remote sensing is increasingly the best option for determining water
output and its components at various temporal and spatial resolutions [4]. The proper
scheduling and management of a basin’s water resources, which necessitates knowledge
of the hydrological behavior of the system, including temporal and spatial changes in
crucial components such as the actual ET in the basin, have an impact on the economic,
agricultural, and social development of a region. Thus, it is necessary to develop techniques
that can correctly determine the actual ET [5].

Due to its complexity, estimating ET is challenging. There are several ways to deter-
mine this parameter. Because they can be compared with numerical climate models and
have a wider coverage than traditional approaches, remote-sensing-based techniques are
more widely used. There are several different remote sensing approaches available for
estimating actual ET, including surface energy balance [6,7], Penman–Monteith [8], and
experimental methods based on plant indices [9,10]. As mentioned, the use of models
based on remote sensing to estimate actual evapotranspiration requires validation and
recalibration, which may be problematic because of the lack of observational data. WaPOR
ET products have recently been presented by the World Food Organization (FAO). The
actual ET rate in the FAO WaPOR product is measured using the ETLook algorithm, and
the equations used to calculate the actual ET rate in this algorithm were described in detail
in a previous study [11]. To introduce this algorithm, the ETLook model is based on the
Penman–Monteith equation, which is generally applied to estimate the total potential ET
(including the two components of evaporation and transpiration) using common meteoro-
logical data (such as solar radiation, air temperature, vapor pressure, and wind speed) [12].
In the ETLook algorithm, with a slight change from this equation, a combination of remote
sensing information (including NDVI, surface albedo, soil moisture, solar radiation, land
surface cover, and a digital elevation model) and meteorological data (including tempera-
ture, humidity, wind speed, and precipitation) is used to estimate the actual ET, and the
results are available to the public for free on the FAO website.

On-farm management practices play an important role in improving water produc-
tivity. Therefore, in order to spatially identify regions with appropriate and poor farm
management practices and to assess the efficacy of crop management strategies, the cre-
ation of water productivity maps at the basin scale may be necessary [3]. To know the
relationship between water and food, tracking water productivity, and following efficiency
objectives, information on water productivity with precise spatial resolution is of vital
importance. However, due to the nature of spatial variability at the basin scale and general
measurement problems, such data are not readily accessible in the majority of regions,
and field measurements are unable to capture spatial trends over large areas. Therefore,
preparing water productivity maps at the basin scale can help with solving these problems.

The purpose of this study was to prepare water productivity and actual ET maps to
determine critical points from the viewpoints of water consumption and water produc-
tivity in the Maroon-Jarahi basin and to provide management solutions to increase water
productivity in the basin.
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2. Materials and Methods
2.1. Area of Study

The Maroon-Jarahi basin (Figure 1) has an area of 24,307 km2. Most of this basin is
located in Khuzestan Province. The long-term average water flow of the Maroon River in
Khuzestan Province is equal to 2105 million m3. The length of the Maroon-Jarahi River
in the whole area is 691 km, with an average slope of 14%. There are more than 20,000 ha
of palm gardens in the Maroon-Jarhi basin, 75% of which are in the Shadgan region,
downstream of the basin. Intensive rice cultivation is carried out on over 14,000 ha in this
basin, 65% of which is located upstream of the basin. At the same time, more than 15,000 ha
of palm trees in Shadgan are under water stress, although the cultivation of 4800 ha of
paddy downstream of the basin in Shadgan adds to this water stress.
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2.2. ETLook Model

The Penman–Monteith equation is solved twice by the ETLook model: once for soil
evaporation (E) and once for canopy transpiration (T):

λE =
δ(Rn,soil − G) + ρairCp

(es−ea)
ra,soil

δ+ γ
(

1 + rs,soil
ra,soil

) (1)

λT =
δ
(
Rn,canopy

)
+ ρaCp

(es−ea)
ra,canopy

δ+ γ
(

1 + rs,canopy
ra,canopy

) (2)

Regarding the net available radiation (Rn,soil and Rn,canopy), as well as the aerodynamic
and surface resistance, the two formulae are different. Additionally, for transpiration, the
earth heat flow (G) is not considered. Figure 2 shows a graphic illustration of the key ideas
of the ETLook model [8].
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2.3. Net Primary Production

The most important feature of an ecosystem is its net primary production (NPP), which
describes how photosynthesis transforms carbon dioxide into biomass. The term NPP
refers to a group of definitions that define the exchange of carbon between an ecosystem
and the atmosphere. Satellite images and meteorological data are used to derive the
NPP. Veroustraete et al. [13] provided a detailed explanation of the methodology’s basic
concepts, and Eerens et al. [14] provided information on how it is implemented in practice.
The Copernicus Global Land Component enhanced these methods, with the inclusion
of biome-specific light use efficiency (LUE) being the most significant improvement. All
three levels of the NPP were provided on a decadal basis, with pixel values representing
the average daily NPP for that particular decade in gC/m2/day. Sometimes it is more
appropriate to measure dry matter production (DMP), such as for agricultural objectives
(in kg DM/ha/day). The DMP can be calculated by multiplying the NPP by a constant of
0.45 gC/gDM. Therefore, 1 gC/m2/day (NPP) = 22,222 kg DM/ha/day (DMP). Although
greater values (theoretically up to 320 kgDM/ha/day) can occur, typical NPP values range
between 0 and 5.4 g C/m2/day (NPP) or 0 and 120 kgDM/ha/day (DMP) [8]. In this study,
net primary production (NPP) data were downloaded from the WaPOR and Google Earth
Engine (GEE) systems at a pixel resolution of 250 m.

2.4. Crop Water Productivity

Crop water productivity (CWP) is calculated as the yield (Y) divided by actual evap-
otranspiration and interceptions (ETIa). A low ETIa and a high yield cause high water
productivity because the plant is producing a lot while not using much water. A high ETIa
and low yield cause low water productivity because the plant is not producing much while
using a lot of water. CWP was calculated for the study region using the yield (NPP) map
and ETIa from Equation (3):

CWP(kg/m3) =
Yield(kg/ha)

ETIa(mm)
(3)

Actual evapotranspiration and interception (ETIa) data were downloaded in 250 m
pixel resolution from the WaPOR and Google Earth Engine systems. The total amount of
soil evaporation (E), canopy transpiration (T), and evaporation from raindrops caught by
leaves (I) is known as the ETIa [8,15].



Environ. Sci. Proc. 2023, 25, 86 5 of 8

2.5. Land Use/Land Cover Map

The basin land use or land cover is one of the factors affecting ET and the hydrological
cycle. Knowing the different types of terrain is important for comparing ET. The land-use
map of Khwaja Nasir Toosi University [16] with 13 classes was used in this research to
assess ET in various locations and to comprehend its various uses. A map of the studied
basin’s land cover is shown in Figure 3.
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3. Results and Discussion
3.1. Actual Evapotranspiration and Interception

For a better spatial and temporal analysis of the actual evapotranspiration and inter-
ception in the Maroon-Jarahi basin, an annual evapotranspiration and interception map
for the agricultural class is shown in Figure 4. Irrigated lands are shown in blue, and
nonirrigated lands with the least evapotranspiration are shown in red. Compared with
nonirrigated lands, irrigated lands occupied a smaller area of the basin.
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The normalized difference vegetation index (NDVI) for Maroon-Jarahi basin in 2017
(Figure 5) shows good agreement between pixels with high evapotranspiration and pix-
els with high NDVI values. In other words, areas with higher vegetation cover had
higher evapotranspiration.
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3.2. Net Primary Production

Figure 6 shows the spatial changes in the net primary production at the level of the
Maroon-Jarahi basin area, which indicates the conversion of carbon dioxide caused by
photosynthesis into biomass. The blue points represent the highest NPP, and the red points
represent the lowest NPP at the basin level.
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3.3. Crop Water Productivity Mapping

Figure 7 shows the spatial changes in water productivity in the Maroon-Jarahi basin.
In Figure 7, the red dots indicate low WP values, indicating land where agricultural and
irrigation management practices have not been performed properly. The blue points
indicate fields with high WP values. However, the water productivity map shows that
agricultural and irrigation management can significantly improve water productivity. The
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blue points indicate that farmers properly considered in-farm management to maximize
the yield per drop of water.
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4. Conclusions

The excessive use of water in the agricultural sector can cause serious problems in arid
and semiarid regions. Water consumption is strongly correlated with the amount of ET;
therefore, ET estimation can provide valuable information for water consumption planning
and management. The Maroon-Jarahi basin’s situation in regions with low WP values
and high evapotranspiration rates, which are regarded as critical points, was the main
focus of this study. The preparation of evapotranspiration and water productivity maps
can help local farmers and decision makers identify the best agricultural practices used in
high-productivity fields and adopt a similar approach in low-productivity areas to increase
productivity in the future. Given the high level of water consumption for agriculture, using
remote sensing to monitor agricultural water productivity can help identify gaps in water
productivity and evaluate potential solutions to address those gaps.

The irrigation water management system in the Maroon-Jarahi basin agriculture
project has not been developed or modified since the beginning of the project. Therefore,
one of the management tools of the project can be remote sensing technology used in
water allocation, crop water requirement assessment, and water productivity monitoring
to identify productivity gaps and develop appropriate solutions to address them.

According to the results obtained after determining the critical points from the point of
view of water consumption and water productivity, it is possible to propose management
strategies to reduce water consumption for the studied basin, and some of these strategies
are as follows:

1. Using different types of mulch to reduce evaporation;
2. Using transplantation;
3. Land leveling;
4. Regulating deficit irrigation;
5. Using subsurface drip irrigation.

These factors can help reduce water consumption and increase water productivity.

Author Contributions: Conceptualization, methodology, supervision, project administration, and
funding acquisition: H.D.; software, validation, formal analysis, visualization, and investigation: I.H.;
resources, data curation, analysis, and writing—review and editing, S.M. All authors have read and
agreed to the published version of the manuscript.



Environ. Sci. Proc. 2023, 25, 86 8 of 8

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All important data are available in the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ghorbanpour, A.K.; Kisekka, I.; Afshar, A.; Hessels, T.; Taraghi, M.; Hessari, B.; Duan, Z. Crop Water Productivity Mapping and

Benchmarking Using Remote Sensing and Google Earth Engine Cloud Computing. Remote Sens. 2022, 14, 4934. [CrossRef]
2. Bessembinder, J.J.E.; Leffelaar, P.A.; Dhindwal, A.S.; Ponsioen, T.C. Which crop and which drop, and the scope for improvement

of water productivity. Agric. Water Manag. 2005, 73, 113–130. [CrossRef]
3. Zwart, S.J.; Bastiaanssen, W.G.; de Fraiture, C.; Molden, D.J. A global benchmark map of water productivity for rainfed and

irrigated wheat. Agric. Water Manag. 2010, 97, 1617–1627. [CrossRef]
4. Marshall, M.; Aneece, I.; Foley, D.; Xueliang, C.; Biggs, T. Crop Water Productivity Estimation with Hyperspectral Remote Sensing. In

Advanced Applications in Remote Sensing of Agricultural Crops and Natural Vegetation; CRC Press: Boca Raton, FL, USA, 2018; pp. 79–96.
5. Javadian, M.; Behrangi, A.; Gholizadeh, M.; Tajrishy, M. METRIC and WaPOR estimates of evapotranspiration over the Lake

Urmia Basin: Comparative analysis and composite assessment. Water 2019, 11, 1647. [CrossRef]
6. Allen, R.G.; Tasumi, M.; Trezza, R. Satellite-based energy balance for mapping evapotranspiration with internalized calibration

(METRIC)—Model. J. Irrig. Drain. Eng. 2007, 133, 380–394. [CrossRef]
7. Bastiaanssen, W.G.M.; Menenti, M.; Feddes, R.; Holtslag, A.A. A remote sensing surface energy balance algorithm for land

(SEBAL). 1. Formulation. J. Hydrol. 1998, 212–213, 198–212. [CrossRef]
8. FAO. WaPOR Database Methodology: Level 1. Remote Sensing for Water Productivity Technical Report: Methodology Series; FAO: Rome,

Italy, 2018; p. 72.
9. Glenn, E.P.; Huete, A.R.; Nagler, P.L.; Nelson, S.G. Relationship between remotely-sensed vegetation indices, canopy attributes

and plant physiological processes: What vegetation indices can and cannot tell us about the landscape. Sensors 2008, 8, 2136–2160.
[CrossRef] [PubMed]

10. Nagler, P.L.; Glenn, E.P.; Nguyen, U.; Scott, R.L.; Doody, T. Estimating riparian and agricultural actual evapotranspiration by
reference evapotranspiration and MODIS enhanced vegetation index. Remote Sens. 2013, 5, 3849–3871. [CrossRef]

11. Bastiaanssen, W.G.M.; Cheema, M.J.M.; Immerzeel, W.W.; Miltenburg, I.J.; Pelgrum, H. Surface energy balance and actual
evapotranspiration of the transboundary Indus Basin estimated from satellite measurements and the ETLook model. Water
Resour. Res. 2012, 48, W11512. [CrossRef]

12. Allen, R.G.; Pereira, L.S.; Raes, D.; Smith, M. FAO Irrigation and Drainage Paper No. 56. Crop Evapotranspiration (Guidelines for
Computing Crop Water Requirements); Food and Agriculture Organisation of the United Nations: Rome, Italy, 1998; p. 300.

13. Veroustraete, F.; Sabbe, H.; Eerens, H. Estimation of carbon mass fluxes over Europe using the C-Fix model and Euroflux data.
Remote Sens. Environ. 2002, 83, 376–399. [CrossRef]

14. Richards, J.A. Remote Sensing Digital Image Analysis; Springer: New York, NY, USA, 2022.
15. Poudel, U.; Stephen, H.; Ahmad, S. Evaluating Irrigation Performance and Water Productivity Using EEFlux ET and NDVI.

Sustainability 2018, 13, 7967. [CrossRef]
16. Ghorbanian, A.; Kakooei, M.; Amani, M.; Mahdavi, S.; Mohammadzadeh, A.; Hasanlou, M. Improved land cover map of Iran

using Sentinel imagery within Google Earth Engine and a novel automatic workflow for land cover classification using migrated
training samples. ISPRS J. Photogramm. Remote Sens. 2020, 167, 276–288. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/rs14194934
https://doi.org/10.1016/j.agwat.2004.10.004
https://doi.org/10.1016/j.agwat.2010.05.018
https://doi.org/10.3390/w11081647
https://doi.org/10.1061/(ASCE)0733-9437(2007)133:4(380)
https://doi.org/10.1016/S0022-1694(98)00253-4
https://doi.org/10.3390/s8042136
https://www.ncbi.nlm.nih.gov/pubmed/27879814
https://doi.org/10.3390/rs5083849
https://doi.org/10.1029/2011WR010482
https://doi.org/10.1016/S0034-4257(02)00043-3
https://doi.org/10.3390/su13147967
https://doi.org/10.1016/j.isprsjprs.2020.07.013

	Introduction 
	Materials and Methods 
	Area of Study 
	ETLook Model 
	Net Primary Production 
	Crop Water Productivity 
	Land Use/Land Cover Map 

	Results and Discussion 
	Actual Evapotranspiration and Interception 
	Net Primary Production 
	Crop Water Productivity Mapping 

	Conclusions 
	References

