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Tree-grass ecosystems

>15% of Earth surface (Friedl et al., 2010)

Continental Mediterranean climate
Semi-arid conditions
Highly seasonally dynamic
Vulnerable to drought events and global
change

Heterogenous land surface
~20% tree

Unique spatial and temporal characteristics

Remote sensing challenges:
Two vegetation layers with different
dynamics / properties / function
Strong geometrical component

Optical properties badly represented by
RTMs
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. Majadas de Tiétar research station

Collaboration CSIC, INIA-CSIC
CEAM, UEX and MPI-BGC
Since 2009, in-situ spectral/bio
sampling

Since 2014, three EC towers in
Majadas + full field equipment
for ecosystem monitoring
Fertilization experiment

UNIVERSIDAD DE EXTREMADURA




RS of tree-grass ecosystems:
A two dimensional problem

®-O Temporal: to capture
main phenological
periods in each stratum
but also daily and intra-
daily variations

(CWC,LUE). 2015 03 16 2015 04 23 | 20150521 | 201507 02
&0 Spatial: different spatial " Footprintlecosystem
scales need to be
plot

considered: sub-plot - _
plot - pixel - footprint - W‘»\ .

ecosystem ~ Sub-plot
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Multiescale, multisensor approach needed
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Tree data

Biophysical, chemical and
spectral dataset of tree and
grass traits
2009-2022

Grass data

u Biophysical

O Structural (LA, SLA)
O Water content (FMC, EWT, LWC)

O Pigments and nutri hla+b,
cartenoids, N, C)
Spectral l - |

~
O ASD leaflevel data (400-2500nm), TE 1

O Leaves of current and previou
sprouting years

O North and South facing

Sap flow
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O Structural (LA, SLA, SLW, ABG)

O Water content (FMC, EWT, LWC, CWC)

O Pigments and nutrients (Chla+b,
cartenoids, N, C)

Spectral

O ASD data canopy level data (400-
2500nm)

O 1 mplots

O 25 mtransects
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Field
spectra
temporal
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Field spectra temporal series: phenology and
inter-anual changes of grass and trees
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Multi-scale and
multi-sensor
remote sensing

data




Understanding spectral
response of grass and trees at
plot/leaf scale
Traits vs field spectra: empirical
models to estimate traits

ind | (nm.

#%Z5"  mnternational Journal of Applied Earth Observation and
Tt Geoinformation
i VK

Understanding the optical responses of leaf nitrogen in
Mediterranean Holm oak (Quercus ilex) using field spectroscopy

Javier Pacheco-Labrador*, Rosario Gonzilez-Cascén®, M. Pilar Martin, David Riafio*
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Spatio-Temporal Relationships between Optical
Information and Carbon Fluxes in a Mediterranean
Tree-Grass Ecosystem

Javier Pacheco-Labrador ", Tarek S. EI-Madany ', M. Pilar Martin *, Mirco Migliavacea !,
Micol Rossini *, Amaud Carrara ¢ and Pablo ). Zarco-Tejada *

Relationship between traits,
airborne hyperspectral data and
fluxes: spatio-temporal issues
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Drivers of spatio-temporal variability of carbon dioxide and energy fluxesin )
a Mediterranean savanna ecosystem =

Scientific achivements in RS of tree-grass ecosystems (1/2]

1 CTRL

3-D Radiative Transfer
Models to Simulate Optical
Properties of the
ecosystem . remote sensing (b

Artice
Improving the Performance of 3-D Radiative Transfer
Model FLIGHT to Simulate Optical Properties of a
Tree-Grass Ecosystem

José Raman Melendo-Vega *, M. Pilar Martin 'O, Javier Pacheco-Labrador ),
Rosario Gonzalez-Cascon *®, Gerardo Mareno 43, Fernando Pérez %, Mirco Migliavacea %,
Mariano Garcia *, Peter North 7 and David Riasio '3

Summer drought Autumn regrowth Biomass pesk Grass decay:
Julytavember Ogtober;April December-June Aprii-September




Scientific achivements in RS of tree-grass ecosystems (2/2)

Seasonal Adaptation of the

Thermal-Based

Two-Source Energy

Modeling mixed canopies

Balance Model for
combining green and brown ——— Estimating ST ot "
senesced leaves Remote Semsing of Gnvironment Evapotranspiration T (T
ELSEVIER sl B g o el v oo st T
The effect of pixel heterogeneity for remote sensing based retrievals of %

evapotranspiration in a semi-arid tree-grass ecosystem

Vicente Burchard-Levine ™, Héctor Nieto ", David Riafie ™, Mirco
- wd Carrar', M.

Migliavacea”,
Tarck 5. El-Maduny *, Radoslaw Guzinski ', Armand Cary L Pilar Mastin
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Amand Carrara ", Markus Reichstein ', Mirco Migliavacea

evapotranspiration
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: : 2 4 A remote sensing-based three-source energy balance model to
—— e improve global estimations of evapotranspiration in semi-arid
tree-grass ecosystems
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I “LinldngSpeetralinfonnation at different spatial scales
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- Vegetation in the context of global change”

Q Monitoring changes in water and carbon fluxes from remote
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Current research

UNIVERSIDAD DE EXTREMADURA
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IV N Leaf spectra O—® Assess the capacity of optical data to detect

e = - I intra- and inter-specific differences in foliar

: S _ functional traits of pasture species and their
——  Leaftraits plastic responses to water shortage

ﬁ O—® Analyze the effect of structural parametersin

the functional characterization of pasture
communities at the canopy scale
I O—® (Calibrate and validate empirical and physically

based models to map plant traits and
Canopy spectra functional diversity in tree-grass

agroecosystems using airborne and satellite

——  Plant traits

images




Monoculture experiment

LLeaf to canopy level analysis to characterize foliar
functional traits (leaf scale) and structural effects (canopy
scale) using proximal sensing

Analysis based in chemical, morphological and optical
data

45 (1.5x1.5 m) plots. Selected species dominant in
Majadas

8 species = 4 functional types (legumes, grass forbs, grasses
C3 and grasses C4)

Water manipulation experiment

Optical instruments: two band sensors (NDVI /PRI), ASD,
ROX, Specim 1Q

Destructive sampling and lab analysis of plant traits




Dehesa farms: management scenarios

CONTROL: Business as Usual

In all cases

ouT VS BENEATH

ECOLOGICAL INTENSIFICATION
GRAZING ABANDOMENT
(> 10 years)

ROTATIONAL GRAZING LEGUME-ENRICHED
(Long Resting Period) (By over-seeding)

S

- . RS ) e
: < > S s

WK - et o
New & Old (<5 & >10y)
REPLICATED IN 9 SITES: 3 FARMS X 3 REGIONS (CLIMATE)



Sampling traits + spectra+ fluxes + Biodiversity + soil 2019-2021-2022

@ ASD Fieldspec 3 +
SPECIM-1Q spectral
measurements

@ Chambers

@ Destructive sampling
and diversity analysis

(25 x 25 cm)

@ Soil sampling
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¢ Can Earth observation satellites provide the information needed
to understand the relationships between biodiversity and
functioning of agroforestry ecosystems, thus allowing for more
effective conservation and management?

N
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ecosystems

Low statistical relationship between multi-spectral data
and plan traits

Empirical models outperform RTMs

Low statistical relationship between spectral data and
biodiversity

Large uncertainty in global remote sensing ET products
over TGEs

Poor performance of Copernicus products: Temporal trend

well captured by S2 time series but bias observed in
absolute values
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Key aspects in RS monitoring of tree-grass

= Crosaret

6n de variables dela

SEVISTA DE TELEBETECCION

on en un

ecosistema de dehesa utilizando factores de reflectividad

simulados estacionalmente

Martin, M

Mighavacca, M 9, Garcla, M.2%, Yebra, M.2%, Riar,

Phenologically adapted models: phenophases (Martin et al

2020, Revista de Teledeteccion)

Hyperspectral information (SWIR data specially important)

NPV and flowering to be included in RTMs

Towards functional diversity via plant traits

Three-source energy balance model (3SEB): improve ET
estimation and allows to separate transpiration sources

Sentinel-2 biophysical retrieval method may need to be

adapted to better simulate for tree-grass ecosystem

Leaf Angle Distribution:

Planophile: f, k; Erectophile: a, b, ¢, g, h, i, i
Spherical: d; Plagiophile:

PROSAIL simulated ASD Measured
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Thanks!

" ANY QUESTIONS?
"~ You can find me at

mpilar.martin@cchs.csic.es
https://speclab.csic.es/
@SpeclLab_CSIC




