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1. Introduction

5. Crop Water Requirements estimate

• Soil salinity and water scarcity can 
affect crop yield, depending on plant 
tolerance. Climate change (increased 
aridity and less freshwater availability) 
and population increase (enhanced 
food demand) are jointly affecting 
freshwater availability for agriculture.

• Recently, Morocco has been exposed 
to a prolonged drought, with a 
rationing of surface freshwater and an 
increase in groundwater pumping, 
which in turn has increased saltwater 
intrusion.

• New desalination plants are being built 
to meet the drinking water demand, 
enlarging water availability for the 
agricultural sector. In the meanwhile, a 
keener attention has been given to the 
efficiency of water distribution and use 
at all levels of the water use cycle.

6. Consequences of saline water use

3. Case study

Satellite-Powered Modelling of Salinity Effects on Crop Development

The FEST-EWB model [1] is a 
single-source, distributed 
hydrological model that closes 
both the energy and soil water 
balances of a pixel, computing 
internally the Representative 
Equilibrium Temperature (RET). 
Satellite observations of LST can 
be compared with the RET to 
calibrate the model. Vegetation 
data are employed to describe the 
inner pixel. Each balance is 
computed pixel-wise, allowing to 
calibrate each pixel separately 
through remote sensing data. 
Validation can be performed with 
independent data (flux tower data, 
soil moisture). Soil moisture 
modelling allows to monitor crop 
stress conditions [2].

Area 1,192 km2

Crops Sugarbeet, wheat, alfalfa

Irrigation
Surface + Sprinkler
Distribution network + wells

Water volumes
Rainfall: 220 mm/yr
Irrigation: 400 mm/yr

Minimal crop water needs (FAO)
• Necessary for full development without water stress
• For 2022, after two seasons without water being distributed to the 

district, the cultivated area was only 320 km2 (34% of the total area 
cultivated in wetter years) 

• Computed based on observations of vegetation development (irrigation 
triggered only for pixels where vegetation fraction was higher than 30%)

Conclusions
• Satellite data can be used in synergy with agro-hydrological models to simulate crop development and its water needs. This also allows to estimate 

irrigation water volumes even in cases where official withdrawals are null (e.g., in Doukkala after 2020) or unavailable.
• After calibration and validation, the model shows the effect of lower-quality water (non-negligible salinity) on crop yield, to evaluate the impact of current 

groundwater use practices. Alternatively, it can estimate the water excess necessary for salt leaching, evaluating the water cost of using saline water.
• Finally, the model thus set up can also be used to evaluate the impact of water policies on the stability of the irrigation district, providing a holistic view of 

all their agro-hydrological implications.

(1) Energy-water balance modelling

The Doukkala Irrigation Consortium (northern 
Morocco) is heavily irrigation-dependent. It is the 

most important area in Morocco for sugarbeet 
(83% of national production) and receives water 
mainly from the Al Massira dam on the Oum Er-
Rbia river. Since 2020, a prolonged drought has 
stopped all water transfers and farmers have to 

rely on private wells, increasing the risk for 
groundwater salinization [5]. Local measurements 
[8] have observed a decrease in the groundwater 

level and an increase in its salinity. Water 
withdrawal are not monitored and thus 

unregulated. The Moroccan government is 
planning on increasing its desalination capacity to 
provide for the civil and industrial water use and 

free up some freshwater.

2. Methods

• According to FAO guidelines [4], salinity impact on crop can be countered by reducing the 

concentration of salts in the soil. This leaching can be done by adding a further irrigation 

amount to force water percolation and salt transport to the lower soil horizons, out of the 

reach of the plants.

(2) Biomass evolution

(3) Irrigation estimation with no-stress approach

𝑅𝑛 𝑹𝑬𝑻 − 𝐺 𝑹𝑬𝑻 = 𝐿 𝑹𝑬𝑻 + 𝐻 𝑹𝑬𝑻

𝜕𝑆𝑀 1

𝜕𝑡
∙ ∆𝑧1 = 𝑃 + 𝐼 + 𝐶1 − 𝑃𝑒1 − 𝛽 ∙ 𝐸𝑇

𝜕𝑆𝑀 2

𝜕𝑡
∙ ∆𝑧2 = 𝑃𝑒1 + 𝐶2 − 𝐶1 − 𝑃𝑒2 − 𝛿 ∙ 𝐸𝑇

∆𝐷𝐴𝑀 = 𝐴𝑃𝐴𝑅 ∙ 𝑃𝐿𝑈𝐸 ∙ 𝑓(𝑇𝑎) ∙ 𝐾𝑤𝑎𝑡 ∙ 𝐾𝑠𝑎𝑙

Energy and soil water balances

Biomass evolution

The SAFY model [3] simulates plant development employing a limited and 

simplified parameter set. It runs daily and combines Monteith’s light-use 

efficiency theory with a leaf-partitioning function. It can include external 

impacts on plant growth (e.g., extreme temperatures, water scarcity, salinity), 

through dedicated stress functions (Kx). 

4. Crop Model Calibration & Validation

1Politecnico di Milano (Italy), 2Universitè Chouaib Doukkali (Morocco), 3University of Southampton (UK), 4ESA ESRIN (Italy)

Connected to the oral presentation by C Corbari on Thu. 26th (A.07.04 Irrigation monitoring through EO data, 1.15/1.16)

𝐾𝑠𝑎𝑙 = 1 −
𝑏

𝐾𝑦 100
(𝐸𝐶 − 𝐸𝐶𝐿𝑂𝑊)

Specifically, salinity is accounted for by a 

stress coefficient dependent on the crop-
specific tolerance of salinity [4].

FAO prescribes that soil moisture should always be kept between two 
bounds: (1) Field Capacity (FC), above which the soil is not able to retain 
more water; (2) Crop Stress Threshold (θcrit), below which the plant suffers 
water stress conditions and loss/damage in yield [4].

Modelling SM 
continuously, it is 
possible to irrigate only 
when necessary and 
with exactly the right 
amount.

Incipient 
stress 

conditions
Irrigation 

start

Maximum soil 
retention 
capacity is 
reached

Irrigation end

• Some model simulations, based on a “critical” year (with a dry weather like the one in 2022), were run to evaluate 

scenarios of alternative water use

• Transition from surface and sprinkler irrigation to drip. This would increase water delivery efficiency (up to 

80%-90%), freeing up to 32 Mm3/year of water, with which an extra area of 95 km2 (+29%) could be irrigated.

• Increased desalination capacity. As the Moroccan government is building more desalination plants, surface 

freshwater now used for civil and industry purposes could be freed for agriculture. This volume could range 

between 83 and 342 Mm3/year, allowing to irrigate an area between 250 (+58%) and 1076 (+250%) km2. This would 

help to alleviate the pressure on the groundwater reserve, reverting its salinization trend.

The crop component of the model was calibrated by comparison with observed LAI data 
from Sentinel-2. The identification of cultivated area was performed based on the analysis 
of yearly signatures of vegetation fraction, and the model was triggered to start crop 
growth after a specific threshold was passed. The same occurred for harvest time. Mean 
yearly error of modelled LAI against observations from Sentinel-2 was 0.2 m2 m-2.

Crop water requirements
Obtained by extracting the average estimated irrigation for homogeneous 
conditions:
• Soil type: A (sandy loams, 65%), B (loamy clays, 22%) and C (silty clays, 

13%)
• Climate: wet year (2018), dry year (2022) and period average (2017-22)
• Crop type: Alfalfa, all-year crop with multiple harvest and regrowth 

cycles; Single Crops, mostly sugarbeet, growing between Nov and Jun; 
Double Crops, mainly maize for the main crop (Oct-May) followed by a 
second shorter cycle (Sep-Dec)

Management and expansion strategies
As each soil type has different crop water requirements, 
each soil area shows a specific suitability to the 
agricultural activity. Specifically, in Area A 1 million cubic 
meters of water a year (Mm3/y) can irrigate 167 ha of new 
land. For Area B this decreases to 157 ha (-5%) and for Area 
C to 120 ha (-15%).
These computations are performed accounting for the 
observed conditions in the area, in terms of both crop mix 
and irrigation distribution efficiency (between 55% and 
70% depending on the field).
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Increased water consumption for leaching

7. Water management scenarios

Yield loss
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• These leaching requirements (LR) depend 

on the salinity tolerance of the crops, and 

can be computed as:

• The extra irrigation required to counter 

the effect of salinity is heavier in areas 

with sandier soils and can reach up to 

30% of the regular water use

𝐿𝑅𝑅 =
𝐸𝐶

2 ∙ 𝐸𝐶𝑀𝐴𝑋
→ 𝐼𝑅𝑁𝐸𝑇

(𝑢𝑝𝑑)
= 𝐼𝑅𝑁𝐸𝑇

(𝑜)
∙ (1 + 𝐿𝑅𝑅)
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Relative Yield Loss

Soil A

Soil B

Soil C

• According to some recent studies [5, 8], the 
salinity in the Doukkala groundwater can be 
relatively high (with peaks above 9 dS/m in terms 
of water electrical conductivity, EC)

• Using this water for irrigation can have an 
impact on crops like alfalfa (ECLOW = 2 dS/m) but 
also sugarbeet (ECLOW = 7 dS/m)

• A model simulation with a medium-high salinity 
water (EC = 8 dS/m) was performed to assess the 
effect on yield

• The production drop on average is -20%, and 
heavier in areas with large alfalfa production. 
Sub-sector-level average production drops reach 
a maximum of -24%, with local maxima as high 
as -53%.
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