
INTEGRATION OF MEASUREMENTS, REMOTE SENSING AND 
MODELS FOR Semiarid sAVANNA-TYPE SYSTEMS management.



What ARE WE DOING?



To provide recommendations for management that reinforce the ecosystem services that Mediterranean 
landscapes offer society, on local (e.g., landscape and resources management) and regional (e.g., 
management mitigation strategies regarding drought and carbon sequestration) scales, integrating Earth 
Observation and low-cost sensors 

Improving the understanding of the processes governing 
biogeochemical flux exchanges between semiarid partially 
covered landscapes and the atmosphere.

● Temperature heterogeneity
● Spectral Response
● Phenology…

Developing a robust modeling framework for water use and 
vegetation dynamics monitoring in semiarid partially covered 
ecosystems.

Development of scientific data series.
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What ARE WE DOING?



1. Santa Clotilde & Las Morrillas dehesas in Córdoba, 
Spain.

2. Skukuza savanna in South Africa. 
3. Tonzi oak savanna in California, USA.

3. Data in Savannas



Adapted from Markus Reichstein, MPI. 

3. Data in Savannas











African semiarid rangelands are a mosaic of land uses, where 
extensive livestock is the main economic activity.

From A. Andreu. Savanna Tiger Guide.

3. Data in Savannas: skukuza



Skukuza area is located in the Limpopo region, with great 
agricultural importance but subject to periodic droughts, and 
home of the Kruger National Park.

Drought in rangelands of South Africa
by Alexandra Dr. Sandhage-Hofmann

3. Data in Savannas: skukuza

http://www.youtube.com/watch?v=3M0cpmRIrlo&t=30


3. Data in Savannas: tonzi



http://www.youtube.com/watch?v=4vg5K1V08MM


Challenges: 
Emissivity (effectiveness in the energy emission as thermal radiation) and 
background radiation data required for image calibration are variable across the 
scene. 
Mixed pixels are misleading as component temperatures diverge. 
Targets of interest have very different pixel sizes associated with their different 
distances from the camera. 
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Analyze canopy temperatures (fundamental controls on plant-level processes) of 
overstory vegetation, understory vegetation, and soil across space and time. 

Johnston et al., 2021 and 20221.Temperature



Our ecosystem's relatively high emissivity 
values facilitate the calibration 
procedure. In contrast, mixed pixels (with 
the potential of divergent component 
temperatures) influence the calibrated 
target temperatures more.

Johnston et al., 2021 and 20221.Temperature



● 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 20221.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., 2018a1.Spectral Response

When including Spectral characteristics



Santa Clotilde experimental site:
- Terrestrial cameras
- Meteorological station

Sierra de Cardeña y 
Montoro Natural Park

DETAIL SCALE

PLOT SCALE

1.Phenology Pimentel et al., 2021 and 2022 
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1.Phenology: HOLM OAK Pimentel et al., 2021 and 2022 
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Plough

1.Phenology: Pasture Pimentel et al., 2021 and 2022 





1.Phenology: oak & Pasture Pimentel et al., 2021 and 2022 



water biomass

2. Water & Biomass



Kc-FAO56 
approach

TSEB
model

2.Water: components of water and energy budgets



Explore thermal model mechanisms and 
their physical base.

How the parameterization of EB models 
influences estimates of transpiration and 
evaporation? 

How thermal images can drive EB models 
using disaggregate temperatures → 
uncertainty.

2.Water: energy bALANCE Johnston et al, 2021, Andreu et al., 2018a, Andreu et al., 2015.



How the architecture of the vegetation affects the model parameterization? 

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

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



2.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. 

2.Water: WATER bALANCE

water stress
water stress

Carpintero et al., 2020



2.Water> different models and resolutions Andreu et al., 2023 and 2022



Andreu et al., 2019



2.Vegetation production…

J. Landsberg and P. Sands, 2011. 
https://doi.org/10.1016/B978-0-12-374460-9.00009-3 

PNN =   FPAR PAR LUE dT 

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

https://doi.org/10.1016/B978-0-12-374460-9.00009-3
https://doi.org/10.1016/j.agrformet.2022.108905


TACTIC: DroughT impACt on the vegeTation of South 
African semIarid mosaiC landscapes. 
Implications on grass-crop-lands primary production.



2.Vegetation production… in the face of drought
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2.Vegetation production…in the face of drought

Muñoz et al., 2022



2.Vegetation production…in the face of drought

The Unseen Attack of Drought
by Alwyn Biju

ET anomalies

Biomass

Muñoz et al., 2022



Thanks
a lot!!


