MONITORING CANOPY STRUCTURE ACROSS MULTIPLE SCALES FROM LEAVES TO CANOPIES AND STANDS
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Abstract. Stand and landscape scale alternation of the mosaic composition of forests are ecological variables indicative of climate change. Changes in species composition of the northern forests have the potential to influence regional climate via biophysical
mechanisms. The leaf level physiological processes are among the climate variables that most directly control the dynamics of terrestrial ecosystem processes. Leaf optical properties are the source of information about leaf level physiological processes. The
objective of this research is to document the feasibility of deriving forest structural parameters – forest type composition, forest cover, tree density and crown shape – and leaf optical properties from multi-angle and hyperspectral data and demonstrate their
ability to capture changes in species composition and leaf level physiological processes in the northern forests. The methodology is based on the idea of retrieving canopy spectral invariants – the recollision and escape probabilities – from optical remote sensing
data. The spectral invariants are functions of the 3D canopy structure such as tree spatial distribution, crown shape and size, within-crown foliage arrangement and ground cover and thus have the potential to separate forest types based on stand geometry. These
variables are critical to account for 3D canopy structure effects in the relationships between surface reflectance data and leaf biochemical constituents. This poster summarizes our results.
MATHEMATICAL FORMULATION

LEAF BIOCHEMISTRY

3D CANOPY STRUCTURE

710-790 NM SPECTRAL INTERVAL

ARTIFACTS DUE TO 3D RADIATIVE EFFECTS

 Leaf level physiological processes are among the
climate variables that most directly control the
dynamics of terrestrial ecosystem processes

CORRECTION FOR 3D EFFECTS

 The
leaf
reflectance
spectrum
conveys
information about leaf-interior constituents
 Radiation scattered by leaves is transformed by
canopy structure
 Stand and landscape alternations of forest
structure are ecological variables indicative of
climate change. Changes in species composition
have the potential to influence regional climate
via biophysical mechanisms
PROBLEM: separate the structural and radiometric
components of the measured surface reflectance
spectrum. The former is a function of the canopy
geometrical properties such as tree spatial
distribution, crown shape and size, within-crown
foliage arrangement while the later is a function of
leaf biochemistry.

Panel a: BRF to leaf albedo ratio, BRF/, versus BRF linear relationship in the spectral interval [710, 790 nm]
for a 90m by 90 m dense patch of aspen at Bartlett Experimental Forest, NH. The BRF spectrum is derived from
AVIRIS-Classic data. The first relationship (legend “Aspen, w”) is obtained using albedo of an aspen leaf. A
different leaf albedo, called a reference spectrum, calculated with the PROSPECT model is used in the second
relationship (legend “Aspen, w0”). One can see that the use of the reference leaf albedo in place of the true aspen
leaf spectrum does not violate the linear relationship, although it impacts the slope (p) and intercept (R). In both
cases however the ratio R/(1p), which provides an estimate of the DASF is the same, i.e.,
DASF=0.049/(10.883)=0.098/(10.766)=0.4188. This is because the spectra, , of green leaves are related to a
fixed “reference” leaf albedo, 0, via similar spectrally invariant relationship, /0=pL+(1 pL) in [710, 790
nm]). Panel b illustrates this phenomenon. Note that the spectrally invariant relationships are for leaf albedo and
are not applicable to leaf transmittance or leaf reflectance.

The separation does not require canopy reflectance models
and/or prior knowledge/ancillary information of the leaf
optics

MONITORING CHANGE IN VEGETATED LAND AND LEAF BIOCHEMISTRY (IN PROGRESS)
To evaluate reliability of the
spectral invariant approach
to capture changes in
vegetation type and leaf
biochemistry

National Land Cover Database 2001 - 2006, 30 m resolution

The directional area scattering factor, R/(1-p), is an accurate
approximation of the ratio of the area of leaves that form the
canopy boundary as seen from a given direction to the total
leaf area. This figure shows the DASF in the nadir direction
for different types of vegetated surface. Vertical lines denote
S.D. The lowest values of the DASF correspond to pure
needle leaf forest. This is due to dense packing of needles in
shoots, which lowers the fraction of foliage area visible from a
given direction. In alfalfa leaves are not clumped allowing for
the sensor “to see” up to 70 % of its leaf area.

The DASF is a function of species
composition
and
fully
explains
variation in BRF spectra due to
variation in 3D canopy structure

CONTRIBUTIONS TO OTHER PROJECTS
Generating LAI from Landsat

Seasonal changes in LAI of Amazon forests from leaf
flushing and abscission

algorithm is very
simple
based on physics of 3D
radiative transfer

Hyperion data, June-August, from 2001 to 2011, 30 m resolution

LC type
deciduous
forest
evergreen
forest
mixed forest
grassland/herb
aceous
cultivated
crops

Area, km2
11,909
6,268
2,402
2,584
8,554

does not require initial
training based on
characteristics of
known leaf and/or
canopy spectra, and
land cover types
under cloud-free
conditions impact of
atmosphere is minimal

A 30 m Landsat LAI map for
California

Left Panel: The Landsat LAI algorithm is based on the canopy spectral
invariants theory and provides a computationally efficient way of
parameterizing the BRF as a function of spatial resolution and sensor spectral
band composition. Right Panel: Changes in both leaf area and leaf optical
properties are responsible for the observed increase in NIR reflectance during
the dry season and decrease during the wet season. Analyses of spectral
invariants and leaf optics underlies this result, which is consistent with known
phonological behavior of tropical forests, ground-based reports of seasonal
changes in leaf area, litterfall, leaf optics and fluxes of evapotranspiration.

If BRF is plotted versus %N, then either no
correlation (in PAR spectral region, R2~0.07) or
positive (in NIR spectral region, upper left panel)
correlation is observed. This is due to the 3D
effects of the canopy structure, e.g., conical vs.
ellipsoidal shaped crowns of coniferous and broadleaf species. When the data are corrected for canopy structure influence, the residual reflectance
variations are negatively related to %N.
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