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Leaf/Ecosystem Optical Sampling
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Ecosystem ground remote sensing
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Optical/RS Instruments

Plant Ecophysiology 
Pigments (color)
Physiology (“health”)

Photosynthetic activity
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Unispec-SC as a “reflectometer”



Leaf reflectance monitoring
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Leaf reflectance equations



Leaf Reflectance (Healthy/Dead)
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Gamon et al. 1997

PRI (xanthophyll cycle pigment index) responds rapidly to sudden illumination, 
reflecting changes in energy dissipation linked to photosynthetic activity.



Developing oak (Quercus sp.)
leaves showing visible pigment
changes with age.

Reflectance indices can be used to monitor changing pigment levels in 
developing leaves (Quercus sp. shown here).   

Chlorophyll
pigments

Xanthophyll
cycle pigments

Anthocyanin
pigments

Gamon & Surfus 1999



Gamon & Surfus 1999

Leaf reflectance indices can be calibrated against pigment content determined
by wet chemical methods (HPLC and spectrophotometry).

Reflectance indices provide 
rapid, non-destructive pigment
screening techniques (e.g. can 
be used to evaluate pigment 
expression in Arabidopsis sp.)



Assessing vegetation water content with spectral reflectance

The 970 nm water absorption
band provides a measure of 
vegetation water content that 
Can be expressed by the Water
Index (WI, also called the 
Water Band Index, WBI).

Sims & Gamon 2003
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Assessing Nleaf content with spectral reflectance



UniSpec-DC: 
Ecosystem Optical Properties 

For simultaneous 
measurement of incident 
and reflected light –
allows sampling under all 
sky conditions (including 
clouds).



Calculating the reflectance
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UniSpec-DC Application

Remote Sensing (aircraft, UAVs, balloons, 
etc.) and spatial and temporal analyses.
Ground Truthing (Multi-Scale analyses, 
integrated GPS)
Automated optical sampling (tram systems, 
unattended operation (wireless))
Link to ecophysiological properties (e.g., 
species composition, carbon and water 
fluxes)



http://cens.ucla.edu

UniSpec-DC 
Platforms



Photosynthesis = f (absorbed radiation x efficiency)

(NDVI & PAR) (PRI, fluorescence)

Respiration = f (temperature, moisture…)

Components of Ecosystem CO2 Flux



Index: Formula: Application:

Normalized 
difference 

vegetation index

NDVI=
(R800-R680)/(R800+R680)

Green vegetation cover

Water band 
index

WBI=R900/R970 Vegetation water content

Photochemical 
reflectance 

index

PRI=
(R531-R570)/(R531+R570)

Pigment content and 
photosynthetic light use 

efficiency

Red edge 
derivative

D720/D700 Pigment content and 
photosynthetic light use 

efficiency



Multi-scale sampling

By comparing optical measurements
at various scales, we can evaluate
the accuracy of satellite data.

satellite

aircraft

flux tower

tram system

leaf reflectance

The UniSpec-SC and UniSpec DC
have been used in a variety of ways
to evaluate satellite data.





Cheng et al., in press



The MODIS satellite overestimates FPAR (relative to tram and aircraft)

Cheng et al., in press



The Enhanced Vegetation Index (EVI) agrees well across all sampling platforms

Cheng et al., in press
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Tram Distance (m) (0-100 forward, 100-200 back)
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Spatial and temporal vegetation monitoring
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Claudio et al. in press

Af = Adenostema fasciculatum (chamise)
Ap = Arctostaphylos pungens (manzanita)
As = Adenostema sparsifolium (redshank)

Effects of species and drought on spectral reflectance



Linking remote sensing to carbon fluxes



Vegetation index and carbon flux
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