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Function: Gross and Net Primary Production
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Composition: Species



Composition: Canopy Nutrients



Composition: Chlorophyll Content



Composition: Lignin



W H A T  C A N  W E  O B S E R V E  G L O B A L L Y ?W H A T ’ S  M I S S I N G ?
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Potentials and Limits of Vegetation 
LAI and APAR Assessment 

Indices for 

F. Baret and G. Guyot 
INRA Bioclimatologie, MonOCavet, France 

M o s t  vegetation indices (VI) combine informa- 
tion contained in two spectral bands': red and 
near-infrared. These indices are established in or- 
der to minimize the effect of external factors on 
spectral data and to derive canopy characteristics 
such as leaf area index (LAI) and fraction of ab- 
sorbed photosynthetic active radiation (P). The po- 
tentials' and limits of different vegetation indices 
are discussed in this paper using the normalized 
difference (NDVI), perpendicular vegetation index 
(PVI), soil adjusted vegetation index (SAW), and 
transformed soil adjusted vegetation index (TSA VI). 
The discussion is based on a sensitivity analysis in 
which the effect of canopy geometry (LAI and leaf 
inclination) and soil background are analyzed. The 
calculation is performed on data derived from the 
SAIL reflectance model. General semiempirical 
models, describing the relations between VI and 
LAI or P, are elaborated and used to derive the 
relative equivalent noise (REN) for the determina- 
tion of LAI and P. The performances of VIs are 
discussed on the basis of the REN concept. 

INTRODUCTION 

The development of fimctional relations between 
crop characteristics and remote spectral observa- 
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tions has been paramount in many agriculture- 
applied studies in recent years. To minimize the 
variability due to external t~actors, multispectral 
reflectance data have been transformed and com- 
bined into various vegetation indices. The most 
commonly used vegetation indices utilize the in- 
formation contained in red and near-infrared 
canopy reflectances or radiances. They are com- 
bined in the form of ratios: ratio vegetation index 
(RVI) (Pearson and Miller, 1972) or normalized 
difference (NDVI) (Rouse et al., 1974), or in linear 
combinations as the perpendicular vegetation in- 
dex (PVI) (Richardson and Wiegand, 1977). These 
indices have been found to be well correlated with 
various vegetation variables including green 
leaf area (Wiegand et al., 1974; Holben et al., 
1980; Asrar et al., 1984, 1985b; Hatfield et al., 
1985; Clevers, 1989), standing biomass (Tucker, 
1979; Elvidge and Lyon, 1985), percent ground 
cover, amount of photosynthetically active tissue 
(Wiegand et al.), photosynthetic activity (Baret 
and Olioso, 1989; Choudhury, 1987; Hatfield et al., 
1984; Sellers, 1985; 1987), and productivity (Asrar 
et al., 1985a). 

The green leaf area index (LAI) is a key 
variable which is functionally linked to spectral 
reflectance. Leaf area index is also a variable which 
is frequently used by agronomists, crop physiolo- 
gists, and crop modelers. A large number of rela- 
tionships have been established between vegeta- 
tion indices and LAI. Generally the vegetation 
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Traits: Hyperion locations
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Intersections
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=
C sink potential

f(productivity, water use, C storage, canopy traits)



=
Disturbance Ecology

f(productivity, water use, structure, canopy traits)



Satellite missions are traditionally independent 
of one another, with different timelines.





The International Space 
Station (ISS)
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ECOSTRESS
• Instrument: Thermal Radiometer
• Spatial resolution: 70 m
• Spectral bands: 5 (8-12.5 µm)
• Lead: JPL, NASA
• L2 product(s): Land Surface 

Temperature & Emissivity
• L3 product(s): Evapotranspiration 

(incl. components: soil evaporation, 
canopy transpiration, interception 
evaporation)

• L4 product(s): Water Use Efficiency; 
Evaporative Stress Index

EVAPORATIVE)STRESS)INDEX)(ESI))

Aug$2012$ High$water$stress$ Low$water$stress$



HISUI
Hyperspectral Imager SUIte



HISUI
• Instrument: Hyperspectral 

Imager
• Spatial resolution: 30 m
• Spectral bands: 185 (0.4–2.5 µm)
• Lead: Japan Space Systems
• L2 product(s): Atmospherically 

corrected surface spectral 
reflectance

• Notes: Data will be partially 
directly transmitted to ground 
stations (10 GB/day = 30,000 
km2). The rest (300 GB/day = 
900,000 km2) will be recorded 
in removal media and shipped 
back to Earth by cargo ships 3-
4 times per year.

• Notes: Ability to do SIF.

Tentative DARs for Verification Observation 

Red = Priority areas for oil/gas/metal 
resources, Green = Other land, Light blue = 

Coastal zones shallower than 30 m.





OCO-3
• Instrument: 3 Grating 

Spectrometers
• Spatial resolution: 3 km
• Spectral bands: 3 (0.765–2.06 µm)
• Lead: JPL, NASA
• L2 product(s): XCO2, Solar 

Induced Fluorescence (SIF)
• Note(s): Ability to do “mapping 

mode”, i.e., 100 km2





GEDI
• Instrument: Multi-beam 

waveform LiDAR
• Spatial resolution: 25 m
• Lead: UMD, NASA
• L2/3 product(s): Canopy 

Height, Canopy Profile 
Metrics, Habitat Metrics

• L4 product(s): Aboveground 
Carbon Stock, Change, and Flux

• Note(s): 15,000,000,000 land 
surface laser observations in 
2 years
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Conclusions: Open Road
• Holistic view of terrestrial ecosystems must include

structure, function, and composition;
• Integrated view requires integrated observations

matched to the characteristics of the observed;
• Systematic barriers reduce likelihood of “full”

missions simultaneously capturing all components;
• ISS reduces barrier to entry—key platform to synergize

observations of fundamental ecosystem properties;
• We will have simultaneous observations of structure

from GEDI (canopy height, biomass), function from
ECOSTRESS (evapotranspiration) and OCO-3
(fluorescence), and composition from HISUI (TBD);

• The synergies between these measurements is an
open road—where will it take us?


