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ET= f (MET)

aproximaciones tradicionales estan basadas en la utilizacion de datos de
campo (redes meteoroldgicas) —>» DATOS PUNTUALES

Los sistemas satelitales tienen la potencialidad de aportar informacion
para estimar la ET a nivel regional.

ET= f (Rs)

l

= relaciones empiricas entre !

ET e indices de vegetacion y/o
informacion de temperatura
de superficie.

ET= f (Rs, MET)

l

Combinacioén de relaciones
empiricas entre algunas de las
variables dependientes y datos
meteorologicos.

modelos de proceso tipo SVAT
(Soil- Vegetation- Atmosphere
Transfer models)
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gs = f (VPD, PAR, LAI, gmax, Ta)

« gs esta relacionado con la concentracion NDVI =(NIR-RED)/(NIR+RED)

de clorofila en las hojas — correlacionado 10

con RED y se espera que con el NDVIy 90 ey

EVI. 5 Ws limat (b
~ 70

* gs esta relacionado con el contenido de
agua de las hojas — correlacionado con
SWIR y se espera que con el NDWI.

~ Contribution (%
%

Yebra et al., (2013) realizé un producto
- , . ‘ 400 610 820 1030 1240 14501660 1870 2080 2290 250C
de Gc global, utilizando los indices Bowyer & Danson 2004 Wavelength (nm)

opticos. NDWI =(NIR-SWIR)/(NIR+SWIR)

« Estos sistemas Opticos presentan algunas desventajas:
(1) una baja resolucion temporal,
(2) necesidad de correccion atmosférica
(3) Baja sensibilidad relativa al contenido de agua de la vegetacion
(solo es sensible al contenido de agua en las hojas).
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Li et al. (2009) y Min et al. (2006) desarrollaron una nueva técnica para
estimar la fraccion de ET utilizando un indice de diferencia en frecuencia
en microondas pasivas (EDVI- microwave emissivity difference index) a
partir de datos de microondas pasivas multifrecuencia, y multisensor,
para un bosque deciduo en EE.UU.

* Aungue estan caracterizados por una baja resolucion espacial (del
orden de 25 Km x 25 Km), los sensores de microondas pasivas
presentan varias ventajas:

(1) gran sensibilidad al contenido de agua de la vegetacion.

(2) alta revisita temporal (1-3 dias) diaria y horaria (dia y noche).

(3) se ven menos afectados por las condiciones atmosféricas que los
sistemas Opticos.

¢ Gs = f (VPD, Potencial agua, CO2, PAR,...)

-> se espera que correlacione con variaciones en el contenido de agua en la
canopea y por consiguiente con indices de frecuencia en microondas.
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El objetivo principal fue el desarrollo y evaluacién de una metodologia para
estimar ET (LE) en areas boscosas, de sencilla aplicacion a escala regional, a
partir de informacidn satelital multisensor de utilidad para diferentes
usuarios.
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In this study, we evaluated and compared optical and passive microwave index based retrievals of
face conductance (Gs) and evapotranspiration (ET) following the Penman-Monteith (PM) approach
methodology was evaluated over the growing season at five FLUXNET sites in the USA and Aust
encompassing three forest types, deciduous broadleaf forest (DBF), evergreen needleleaf forest (ENF
evergreen broadleaf forest (EBF). A subset of Gs values were regressed against individual and comb
indices of NDWI, EVI. and Fl (microwave frequency index), and used to parameterize the PM equatio
retrievals of ET (PM=Gs). For this purpose, we used MODIS (MYDO09A1) and AMSR-E passive microv
data to compute the Vis. Model performance was quantitatively evaluated through comparative ana
of the regression coefficients (), and root mean square errors (RMSE). All indices correlated well wil
over deciduous broadleaf forests, explaining 40-60% of Gs variations, however, the optical-based me Keywords:
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Article history:
Received 18 April 2016

Received in revised form 5 October 2016
Accepted 15 October 2016

Latent heat flux (LE) and water loss in limited are well corre-
lated to radiation and By contrast. in and arid and semi-arid lands LE is mostly
driven by available water and the vegetation exerts a strong control over the rate of transpiration.
Therefore, LE models that use optical vegetation indices (Vls) to represent the vegetation component
(transpiration as a function of surface conductance, G;) generally overestimate water fluxes in water-
limited ecosystems. In this study, we evaluated and compared optical and passive microwave index

Keywords:
Microwave index
Optical indices
Evapotranspiration
Surface conductance

Microwave indices

had lower RMSE than the microwave Fl model. In contrast. the Fl model yielded the best performan
estimate Gs in evergreen forests (EBF and ENF). Overall, a combined microwave-optical model resi
in the best Gs estimates in these evergreen forests compared with the individual model approache
general, the PM-models explained more than 70% of the variance in LE with RMSE lower than 20W
Based on these results, we developed a new approach combining optical and passive microwave in
based on their spatial vs. temporal synergies to generate Gs time series. This combined optical-microv
approach produced the best ET estimates for evergreen forest and offered a robust approach for decid
forest without sacrificing precision.

© 2015 Elsevier B.V. All rights resel

Optical indices
Latent heat flux

Surface conductance

North Australian Tropical Transect
0Ozflux

based retrievals of G, and LE derived using the Penman-Monteith (PM) formulation over the North Aus-
tralian Tropical Transect (NATT). The was 1} d at six eddy (EC) sites from
the OzFlux network. To parameterize the PM equation for retrievals of LE (PM-Gz), a subset of Gs values
was derived from and EC flux and regressed against individual and com-
bined satellite indices, from (1) MODIS AQUA: the Normalized Difference Water Index (NDWI) and the
Enhanced Vegetation Index (EVI); and from (2) AMSR-E passive microwave: frequency index (1), polar-
ization index (P1), i depth (VOD)and soil )products. Similarly, we combined
optical and passive microwave indices (multi-sensor model) to estimate weekly G, values, and evaluated
their spatial and temporal synergies. The multi-sensor approach explained 40-80% of LE variance at some
sites, with root mean square errors (RMSE) lower than 20W/m? and demonstrated better performance
to other satellite-based estimates of LE. The optical indices represented potential G associated with the
phenological status of the vegetation (e.g. leaf area index, chlorophyll content) at finer spatial resolution.
The microwave indices provided information about water availability and moisture stress (e.g water
content in leaves and shallow soil depths, atmospheric demand) at a high temporal resolution, thereby
providing a scaling factor for potential G,. We applied the newly proposed G, model to estimate LE at
regional scale using global meteorological data. Our derivation could be extended to continental scales
providing equally robust estimates of LE in arid and semi-arid biomes. A more accurate estimation of G
and LE across different savannah classes will improve the analysis of water use efficiency under drought
conditions, which is of importance to climate change studies of water, carbon and energy cycling.

© 2016 Elsevier B.V. All rights reserved.
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Indices dpticos Indice de microondas pasivas
4 c .
4 p2 — p1 indice de vegetacion N\ Indice de Frecuencia
NDVI= p2 + p1 normalizado _ Tbv (Kabanda) — Thv (Xbanda)
Tbv(Kabanda) + Tbv (Xbanda)
2.5 = (p2(p1) indicede | .
EVI= 0Z2+6+p1+65%p3+1) Vegetacion indice de Polarizacién
\ mejoradcy Tbv (Xbanda) — Tbh (Xbanda)
~ Tbv(Xbanda) + Tbh (Xbanda)
NDWI = P2~ PS5 Indice de agua
P2 +pS normalizado Productos derivados del modelo
LPRM, Banda X:
v" Indices de verdor o de agua VODy SM

v' dependiente del tipo de coberturay
de la longitud de onda

-

Contenido de agua Y del suelo
de la vegetacion

v Independiente del tipo de cobertura
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Diferencias

VOD o SM VErsus FloPI

v Indice
v" Depende de las
observaciones

v Producto
v Depende de méas parametros

v’ Esta corregido por factores v Noest i
geométricos y por la 0 esta corregido por

influencia del suelo factor.es geom_etrlcos, ni por
"' la influencia del suelo

v Si estan bien determinado los
parametros, VOD o SM daria
la mejor aproximacion

No

v" Si bien se utilizaron todos los indices para evaluar cada objetivo
particular, solamente se mostraran los mejores resultados
obtenidos.
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INDICES
SENSOR

Resolucion
espacial

Resolucion
Temporal

8 dias- 25 km

Variables

Mis
AMSR-E

25 Km

1-3 dias

-

Vis

MODIS

500 m

8 dias

10
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a Invertir |2 Gs = LE;:Ga [es(Ta) — e,] HEIGELL
i | ecuaciondepPm eA - (+DIE+ XA —5| | onteith
] (PM)
"‘:. Gs ’E
o Gs observadas: Calibracion y Validacion
2. Gs=f{indices
opticos, indices de Gs- indices va a depender de la relacidn de los
microondas pasivas) Gltimos con las variables biofisicas
: ET= PM (Gs, Set de datos de validacion Penman
3- variables EC: 8 dias . monteith
i | meteorolégicas) Datos meteorolégicos (PM)

globales: 8 dias- 25 km

Fuentes de datos: Métri d | isndel
Datos meteorolégicos etricas de evaluacion de los

Torres de covarianza de torbellino (EC) modelos: R? y RMSE.
Datos meteorolégicos globales
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Estimacion y validacidon de Evapotranspiracion y Conductancia superficial en areas
boscosas a partir de datos satelitales utilizando enfoques basados en la ecuacion de
Penman-Monteith y torres de flujo
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Article history: In this study, we evaluated and compared optical and passive microwave index based retrievals of sur-
Received 2 March 2015 face conductance (Gs) and evap iration (ET) following the P M ith (PM) approach. The
Received in revised form 19 June 2015 methodology was evaluated over the growing season at five FLUXNET sites in the USA and Australia
Accepted 28 June 2015

encompassing three forest types, deciduous broadleaf forest (DBF), evergreen needleleaf forest (ENF) and
evergreen broadleaf forest (EBF). A subset of Gs values were regressed against individual and combined
indices of NDWI, EVI, and FI (microwave frequency index), and used to parameterize the PM equation for

Available online 9 July 2015

= i retrievals of ET (PM-Gs). For this purpose, we used MODIS (MYDO9A1) and AMSR-E passive microwave
Optical indices data to compute the Vis. Model performance was quantitatively evaluated through comparative analysis
Evapotranspiration of the regression coefficients (r?), and root mean square errors (RMSE). All indices correlated well with Gs
Surface conductance over deciduous broadleaf forests, explaining 40-60% of Gs variations. however, the optical-based models

had lower RMSE than the microwave Fl model. In contrast, the Fl model yielded the best performance to
estimate Gs in evergreen forests (EBF and ENF). Overall, a combined microwave-optical model resulted
in the best Gs estimates in these evergreen forests compared with the individual model approaches. In
general, the PM-models explained more than 70% of the variance in LE with RMSE lower than 20 Wfm?.
Based on these results, we developed a new approach combining optical and passive microwave indices
based on their spatial vs. temporal synergies to generate Gs time series. This combined optical-microwave
approach produced the best ET estimates for evergreen forest and offered a robust approach for deciduous
forest without sacrificing precision.

© 2015 Elsevier B.V. All rights reserved.

Barraza et al., 2015
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En particular:
1) evaluar la capacidad de los indices de microondas y Opticos para estimar Gsy ET;

2) evaluar la capacidad de estimar ET combinando informacion satelital para estimar
Gs e informacion meteoroldgica;

3) comparar ambos enfoques (6ptico y microondas), evaluando el error en la
estimacion de Gs y ET independientemente,

4) proponer nuevos modelos basados en la combinacion de indices Opticos y de
microondas.
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El modelo de EVI presento el mejor ajuste, con valores de r2 >0,6, para todos
los bosques deciduos (DBF) . La validacion : 30-60% de la varianza de Gs, con
valores de RMSE que varian entre 2,5-3,0 mm/s.

Para los bosques deciduos (DBF) el modelo de FI muestra valores de r2
similares a los obtenidos con el indice EVI, pero con valores de RMSE mayores.

El modelo de FI, EVI-FI explicaron un 20% de la varianza de Gs para los
bosques siempre verdes (EBF, ENF). Los indices ¢pticos solamente un 10%. Los
valores de RMSE varian entre 2,65-4 mm/s.

Opticos N=173y 157
VI-FI- multisensor

) RMSE ) RMSE
r IGBP (W/ m"2) r Gso-Gse (W/ m’\2)

VI-FI n

EBF EVI-FI
0,20 3,54

ENF NDWI-FI

DBF NDWI H

DBF NDWI 0,45 3,39

DBF EVI
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Para los bosques siempre verdes el modelo multisensor y para los bosques

deciduos el modelo Gs-VIls resultaron ser los mejores modelos, respectivamente, en

funcidén a las métricas de evaluacion.

Para los bosques deciduos el modelo multisensor es una aproximacion robusta (r2

y RMSE) aumentando en mas del 50% el numero de datos disponibles.
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Conclusiones

Las estimaciones de LE obtenido segun el enfoque PM-Gs resultaron ser
mejores, en términos de r’ y RMSE, que las estimaciones derivadas de
regresiones directas entre VIso Fl y LE.

Los resultados obtenidos mostraron que ambos indices 6pticos, NDWI y EVI, se
encuentran relacionados con las variaciones de Gs en bosques deciduos, lo que
posibilita el uso de informacion satelital para estimar dicho parametro.

En general, mas del 40% de las variaciones en Gs se ha explicado utilizando
series de tiempo de indices de microondas, lo que se corresponde con lo obtenido
por Miny Lin, [2006].

DBF: 20-40% y EBF / ENF=
0-36% (doble de error)

DBF: 40-75% y EBF / ENF= 20%

(b)

Yebra et al., (2013)

Global canopy conductance (Gc, mm/s)

20

Gs (mm/s)
> o

o

5 10 15 20 15 20
Gs Observado (mm/s) Gs Observado (mm/s)
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Estimacion de la conductancia superficial y evapotranspiracion a lo largo de
la transecta del norte de Australia usando multiples sensores
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ARTICLE INFO ABSTRACT
1

Articl history: Latent heat flux (LE) and water loss in d are well corre-

Received 18 April 2016 lated to radiation and temperature. By contrast, in savannahs and arid and semi-arid lands LE is mostly

Received in revised form 5 October 2016
Accepted 15 October 2016

driven by available water and the vegetation exerts a strong control over the rate of transpiration.
Therefore, LE models that use optical vegetation indices (Vls) to represent the vegetation component
as a function of surface conductance, G:) generally overestimate water fluxes in water-

Keywords: limited ecosystems. In this study, we evaluated and mmpmd optical and passive microwave index
g’;i':;':":;":““ based retrievals of G, and LE derived using ith (PM) jon over the North Aus-
Tasathest s tralian Tropical Transect (NATT). The methodology was evaluated at six eddy covariance (EC) sites from
Surface conductance the OzFlux network. To parameterize the PM equation for retrievals of LE (PM-Gy). a subset of G values
North Australian Tropical Transect was derived from meteorological and EC flux observations and regressed against individual and com-
OzFlux bined satellite indices, from (1) MODIS AQUA: the Normalized Difference Water Index (NDWI) and the
Enhanced Vegexanon Index (EV}: and from (2) AMSR £ passive micruwave: frequency fndex (). polar-
PI), il
optical and passive microwave indi imate weekly G, values, and evaluated
their spati ies. The multi h explained 40-80% of LE variance at some

sites. with root mean square errors (RMSE) lower than 20Wjm? and demonstrated better performance
to other satellite-based estimates of LE. The opical indices represented potential G associated with the

leaf area index. content) at finer spatial resolution.

The mi indices provided about water ility and moisture stress (e.g water
content in leaves and shallow soil depths, atmospheric demand) at a high temporal resolution, thereby
providing a scaling factor for potential G,. We applied the newly proposed G, model to estimate LE at

regional scale using global meteorological data. Our derivation could be extended to continental scales
providing equally robust estimates of LE in arid and semi-arid biomes. A more accurate estimation of G,
and LE across different savannah classes will improve the analysis of water use efficiency under drought
conditions, which is of importance to climate change studies of water, carbon and energy cycling.
©2016 Elsevier B.V. All rights reserved.

Barraza et al., (2017)

OBJETIVOS:

Evaluar y comparar la estimacion de Gs a partir de
una combinacién de indices ¢pticos y de microondas
pasivas con observaciones de EC.

Evaluar el desempefio del modelo de Gs en la
estimacion de ET a nivel local (combinando con EC)
y regional (datos meteorologicos globales).

130°E 132°E 134°E 136°E 138°E

12°8+

14°S4

16°S-

18°S-

Latitude °S
8

20°S+

22°8

110 120 130 140
Longitude *E

04590 180 270 360




 TELEDETECCION
\{, | CUANTITATIVA

L

Invertir la
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* El modelo multisensor obtuvo similar o mayores valores de r2 y menor RMSE.
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Son valores bajos de Gs (altos valores de resistencia).

G ax observed
300E 1325 F 1350 F 1375 F
1258 °
150'S
[ ]
1758
200 S
2255

Se corresponden con los encontrados en la literatura (rango
de 0.00002- 2.0967 mmolH20/m2s segun Chao Chen et al. 2009;
O’Grady et al., 2009)
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Table 4

Site specific coefficient of determination (r?) and root mean square error (RMSE, W/m?) of the regression between observed and estimated LE —PM-Gs model using optical
and passive microwave indices. OzFlux eddy covariance tower sites across the North Australian Tropical Transect (NATT) included on this analysis: AU-How: Howard Springs
(2000-2010), AU-Ade: Adelaide River (2007-2009), AU-DaS: Daly River Savannah (2007-2011), AU-Dry: Dry River (2010-2011), AU-Stp; Sturt Plains (2008-2010) and
AU-ASM: Alice Springs (2010-2011).

Gs=f(indices
opticos, indices de
microondas pasivas)

Name Vs, Mls Multi-sensor[cross-site (MSCS)
Index 21 potFe RMSE Index 2 5o 15e RMSE
AU-How NDWI, FI 0.71 18.47 VOD, EVI 0.71 2030 ET; r':xl(eGsS,
AU-Ade EVI, SM 0.85 17.54 VOD, EVI 0.85 19.19 " 16gi
AU-Das NDWI, VOD 0.70 14.04 VOD, EVI 0.71 25.71 meteoroldgicas)
AU_Dry EVI, VOD 0.84 12.05 VOD, EVI 0.74 25.88
AU-Stp NDWI, SM 0.49 15.77 VOD, EVI 0.36 18.33
AU-ASM EVI, VOD 0.75 10.93 VOD, EVI 0.65 19.76
Au-How Au-Ade EC
250 T T T 250 )
Los resultados muestran la
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El modelo multisensor resulto ser el mejor en términos de r2, RMSE y N, tanto
para estimar Gs como LE.

El modelo multisitio (VOD, EVI) permitié extrapolar las estimaciones de Gs para
otros tipos de coberturas presentes en NATT.

Se generaron los mapas regionales de Gs para evaluar la variabilidad espacial de
esta variable calculada utilizando el enfoque multisensor y mutisitio sobre el area
de estudio NATT.

Se evidencio una degradacion en el desempefio del modelo (r? y RMSE) debido al
reemplazo de datos meteorolégicos medidos por re-analisis.

MOD16A2 presenta una mejor performance en téerminos de las métricas de
evaluacion en algunos casos (ej: HSP), se deben a subestimaciones para valores
bajos de LE y sobrestimaciones para valores altos de LE.

El producto MS y MOD16A2 representan los patrones espaciales
razonablemente (en funcion del gradiente de vegetacion y precipitaciones).

El modelo propuesto mejora la estimacioén de LE en comparacion con los otros
productos analizados.
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Invertirla
ecuacion de PM

\

Gs=f{indices
opticos, indices de
microondas pasivas)

l /

e

meteorologicas)
\. J

N
ET= PM (Gs,

variables

Modelo

Ventajas:
Facil aplicacion.
Al combinar VIs y MIs permite mejorar la estimacion satelital de Gs, y en
consecuencia de ET.
Series completas tanto de Gs como de ET.
Realiz6 un avance con respecto al trabajo de Yebra et al . (2013) y Li et al
(2009).
Permite evaluar desde escalas locales a regionales.

Desventajas:

Las relaciones Gs-(Vls, MlIs) son dependientes del tipo de cobertura.

Los supuestos que se realizan sobre la relacion entre las variables fisicas y
biofisicas dependen del tipo de cobertura.

Incompatibilidades debido a diferencias en las escalas espaciales.

Los errores mayores al utilizar set de datos meteorologicos que datos in-
situ.
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Relacion footprint torres Relacién instrumentos EC Errores asociadosd la
versus sensor footprint: regresion tipo Il geolocalizacion de los
pixeles de MODISy
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