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MONITORING THE HYDROLOGICAL CYCLE
Water ¿How many, where, and until when?



Water monitoring in Mountain areas of Andalucia 
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Data
Meteo, Soil, 
Vegetation, 
Satellites, 

Photography…

(Hydrological) 
MODELS

Which temperature?
How much is raining?

How is the vegetation growing?

Results

How much water is infiltrated?
How much water the ecosystem 

is using?

How much is going to rain?
How drought is affecting 

vegetation?

How we do it?





Space Junk



Radar/Microwaves, transparent 
to the clouds, soil humidity

Thermal, 
surface 
temperature, 
water and 
stress

NIR, 
Vegetation 
& soil. 

VIS, 
photosynthet
ic activity, 
albedo

LIDAR, vegetation structure. 
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Uncertain and heterogeneous reality

Meteo 
Predictions

Proyections long term

Day   Week    Month              Season      Year             Decade                     …

Seasonal 
Predictions

What’s (will) going on?

What will happen?

What happened?



CAZORLA

SUBBÉTICA

GRAZALEMA

SIERRA
NEVADA

CARDEÑA 
MONTORO

DEM     Average      Tendency     Deviation

Temperature (ºC/annual) > 60 yr historical data



Precipitation (mm/year)

CAZORLA

CARDEÑA Y MONTORO

GRAZALEMA

SUBBÉTICA

SIERRA NEVADA

Precipitation RCP 8.5



P Snow (mm/year) 



Implications…vegetation
Temporal evolution of blooming

Blooming conditions
From the 1st January

- 30 days with Tmed day > 6ºC
- 26 days with Tmin day < 4 ºC

Precipitation mm/year

SUMMER precipitation mm/year



INTEGRATION OF MEASUREMENTS, REMOTE SENSING AND 
MODELS FOR SAVANNA-TYPE SEMI-ARID SYSTEMS management.





What ARE WE DOING in savanna?



What is happening?



● Field-based thermal remote sensing 
can resolve vertical tree crown 
temperatures.

● In a woodland savanna, 
canopy tops are cooler 
than canopy bottoms at 
midday.

● Satellite (ECOSTRESS) and field-based 
(thermal camera) measurements agree 
at night.

● During the day, ECOSTRESS and 
camera temperatures diverge 
considerably.

● ECOSTRESS/camera mismatch is more 
related to light than to crown thermal 
gradients.

Highlights

Johnston et al., 2021 and 2022Canopy Temperature



Differential spectral response of oak trees influenced the estimation ET. 

Assumption of non-variability of the spectral properties of the holm oak throughout the year for 
modeling. 

Consider the influence of the dead grass in the ecosystem.

Carpintero 2020a,b, Andreu et al., 2018aSpectral Response

When including Spectral characteristics



Santa Clotilde experimental site:
- Terrestrial cameras
- Meteorological station

Sierra de Cardeña y 
Montoro Natural Park

DETAIL SCALE

PLOT SCALE

TERRESTRIAL PHOTOGRAPHY
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TERRESTRIAL PHOTOGRAPHY: HOLM OAK
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Plough

TERRESTRIAL PHOTOGRAPHY: PASTURE



Kc-FAO56 
approach

TSEB
model

biomassWater & Biomass modeling

water

Y. Pei et al. 2022. 
https://doi.org/10.1016/j.agrformet.2022.108905 

https://doi.org/10.1016/j.agrformet.2022.108905


Water> different models and resolutions



How the architecture of the vegetation affects the model parameterization? 

→ Monitoring water use in Andalusian dehesa. 
→ Developing a 3-source model (tree, grass, soil) validated in semiarid savannas worldwide.

Water: energy bALANCE Burchard-Levine 2022, Andreu et al., 2018b.



Water: energy bALANCE Gonzalez-Dugo et al., 2020

Drought proxy



The ET/ETo ratio helped to 
identify periods of water 
stress, confirmed for the 
grassland by measured soil 
water content. 

Water: WATER bALANCE

water stress Depleting





Water> different models and resolutions



Vegetation production…in the face of drought

The Unseen Attack of Drought
by Alwyn Biju

ET anomalies Biomass



Vegetation production…in the face of drought

drought
biomass



MP. Gonzalez-Dugo
mariap.gonzalez.d@juntadeandalucia.es 

C. Shoko
Cletah.Shoko@wits.ac.za 

MJ. Polo
mjpolo@uco.es 

TACTIC: DroughT impACt on the vegeTation of South 
African semIarid mosaiC landscapes. 
Implications on grass-crop-lands primary production.
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Vegetation production… in the face of drought
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a lot!!


