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Climate Change
• Observed climate is changing. 

– Temperature
• Continuous increase in temperature since 

the mid 1970s (+2C).
• The increase in maximum temperatures is 

even more intense.
– Precipitation

• No observed annual precipitation trends.
• Significant increase in the number of 

consecutive dry days.
• Significant decrease in the number of 

annual days with precipitation (increased 
SDII).



Climate change

• In the future we 
expect that:
– The average annual 

rainfall decreases 
significantly.

– The temperature will 
keep rising.



Agronomic consequences of climate change

• Increased potential
evapotranspiration (ETo).

• Increased water demand for 
vegetation.

• Decrease in precipitation (impact 
on dryland).

• Decrease in available water 
resources (impact on irrigation).

• It is necessary to adapt to the new 
situation.

• The introduction of support 
irrigation can be a solution to 
maintain traditionally non irrigated 
crops, avoiding bad years or 
damage to the plant due to 
droughts.

• The introduction or extension of 
irrigation should be done thinking 
that fewer resources will be 
available.



Study area: Terra Alta

• Area with complex relief (300-100 
m.)

• The south is wetter, the north is 
drier.

• Traditional dryland agriculture: 
vine, olive, almond.

• Irrigation network in the north of 
the region.

• The water comes from Ribarroja
Reservoir.

• Intended for support irrigation.



Objectives

Establish an observation network and a system for monitoring 
meteorological and agronomic drought, including support 
irrigation recommendations, for the Terra Alta vineyard.

Support irrigation is minimal irrigation to ensure plant well-being, 
avoiding too low yields in particularly dry periods. It is proposed to 
water the minimum necessary to avoid stress. 



Observation Network

• Weather stations (SMC and 
AEMET).

• Municipalities:
– La Pobla de Massaluca.
– Batea.
– Gandesa.
– Horta de Sant Joan.

• Selected farms.
– 2 plots per municipality.
– 1 dryland and 1 irrigated.
– In Horta, both are dryland.



Meteorological data

• Data series
– Horta de Sant Joan is the 

longest series.
– Gandesa's the shortest.

• The station of La Pobla de 
Massaluca has been 
stopped for a period of 
several weeks in 2019 and 
we have not achieved a 
long series.

• Horta is the wettest 
municipality.



Meteorological Drought

• SPI-12
• Meteorological drought

indicator.
• For each month, we 

evaluate the previous 12 
months.

• We compared the series of 
Horta de Sant Joan and the 
Ebro Observatory.

• We see that large periods of 
drought are common.



Soil moisture sensors
• Instruments provided by METER Group (Lab-Ferrer).

– Sensors Teros 10.
– Data Logger ZL6.

• Data is sent over cellular network.
• Solar energy.

• Depths: 5, 10, 25, 50 i 70 cm.
• Data allows us to

– Real-time monitoring of soil moisture.
– Model calibration.

Drilling up to 70 cm to install 
the probes through a manual 
drill, June 6, 2019 (Gandesa).

Installing a 
data logger in 
Gandesa on
June 6, 2019.



Remote sensing soil moisture data

• Surface soil moisture (0-5 cm) from remote sensing.
– Weekly images of the SMOS satellite, disaggregated to 1 km of spatial resolution using MODIS data 

(NDVI and LST).
– Data processing by isardSAT.

• Good source of spatialized information.
• At first we will draw on maps of the anomaly with respect to climate (2009-2019).
• We'll try to see if we can extract more valuable information from this data at a later step.

Soil moisture anomaly (November 2017) Soil moisture anomaly (April 2018)



Simulation of soil moisture
• Weekly time resolution.
• FAO-56-based water balance model with drainage 

simulation.
• Simple model that allows to carefully follow the evolution of 

soil moisture.
• With this model we can:

– Reconstruct historical soil moisture time series (taking 
advantage of meteorological data).

– Estimate the actual evapotranspiration.
– Estimate irrigation needs.

• Irrigation
– Mathematically simple, agronomically complex problem.
– The model waters when soil moisture reaches a pre-established 

level and waters up to another preset level.
– The model avoids irrigation near the harvest.



Simulation results

• The model is able to reproduce the 
spring and summer drying.

• The model does not reproduce so well 
the impact of autumn precipitation.
– Underestimation of observed

precipitation.
– Contributions due to non-simulated 

lateral processes (relief runoff).
• The model reproduces well the 

January precipitation and subsequent 
recession towards field capacity.



Drought reconstruction

• Reconstruction of 
the historical soil 
moisture series.

• Calculation of the 
SMDI drought 
index.

• With this 
information we can 
determine whether 
a given situation is 
abnormally dry or 
wet.

• This will give 
context to drought 
bulletins.
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Soil Moisture Index Drought index



Irrigation simulation

• The support irrigation 
strategy has been applied to 
the historical series.

• Irrigation is more necessary 
in Batea than in Gandesa and 
Horta (in this order).

• Only spring and summer 
irrigation appear in Batea. 

• Most of the irrigation is after 
harvest.

• The model avoids irrigation 
around the crop.
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Precip + Irrig. Irrigation events



• Information should be 
presented to users in a 
simple and effective way.

• Users should be able to 
make decisions with the 
information received.

• Weekly bulletin with climate 
information, dryland soil 
water status and irrigation 
recommendations.

Presenting
information to users



Drought Bulletin

• Map of anomalies of soil surface 
moisture.
– Ensemble vision of the situation in the

region.
– Relevant short-term information (last 

week).
• Precipitation

– Last week.
– Last complete month.
– Last complete trimester.
– Last complete year (last 12 months).
– Drought indicators (qualification).

• Qualitatively indicate whether values 
are climatically dry or wet.

• Expected precipitation.
– Probability of precipitation for next week.

• Water status in dryland.
– Soil moisture index and rating.
– Easy-to-interpret value.

• Water status in irrigated land and 
irrigation recommendation.
– Soil Moisture Index.
– Indication of whether to water this week.
– Irrigation recommendation.

• In mm/d.
• In irrigation hours for a typical drip

irrigation setup.

• The bulletin is published every 
Monday.



Publication of the drought bulletin

• Website of the Ebro 
Observatory.
– Access to all bulletins.

• Telegram channel
– Easy reading using mobile 

phone.



Conclusions and perspectives

• The Drought Observatory was implemented in 
Terra Alta.

• Weekly objective information on hydric status of 
vineyards, in irrigated and non irrigated plots.

• Including irrigation recommendations.
• Soil moisture-based system.

– On-site observations on farms.
– Remote observations.
– Model.

• Simple and robust model.
– It allows us to reconstruct the soil moisture time 

series of the past.
– This allows us to evaluate the weekly values with 

a climate perspective (drought).
– It allows us to make irrigation recommendations.

• Simple and clear bulletin.
– Website.
– Telegram channel.

• We have had difficulties in La Pobla de 
Massaluca, but if the station does not fail again 
soon we will include it in the bulletin.

• It is necessary to find a mechanism to make this 
a perennial project.
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