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Background

The global coverage of bi-directional reflectance distribution function (BRDF) products
from the Multi-angle Imaging Spectroradiometer (MISR) and the Moderate Resolution
Imaging Spectroradiometer (MODIS) could provide quantitative information on surface
vegetation structure for input to process modelling and model-data assimilation
schemes for regional and biome scale assessment of carbon dynamics. We examined
the relationship of MISR RPV (Rahman-Pinty-Verstraete) model parameters, derived
from inversion of MISR 275 m fine mode data, and BRDF shape indicators calculated
from the latest MODIS 500 m MCD43 bidirectional reflectance distribution function
(BRDF) product to vegetation patterns in an Australian tropical savanna, for a time
series covering the dry season period from April to October 2005. The bi-directional
reflectance products were compared with a GIS data coverage combining floristic
polygons with Landsat TM-based estimates of canopy cover and height classes.

The RPV model and MISR
The Rahman-Pinty-Verstraete model (RPV) (Rahman et al., 1993) is a parametric
model that describes the shape of the bidirectional reflectance distribution function.
The model expresses the BRF p(Q) as:
P(Q) = poF(Q; k, 8", p;) ol
where p0 is a parameter representing the amplitude of the BRF, and the function F
characterizes the anisotropy of the landscape. The function F(Q; k, &M, p,) requires
the estimation of three parameters, k, © and p which are independent of illumination
and observation geometry (Q = 8, 6,, ) and represent the status of the surfaces
Gobron et al., 2000).The main elements of the BRDF shape are separated into overall
brightness (p,), the bowl or bell shaped anisotropy (k), and the degree of forward or
backward scattering (8). A modified version of the Rahman-Pinty-Verstrate model
(MRPV) is used to provide RPV model parameters in the MISR Level 2 land surface
product
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The Ross-Thick Li-Sparse model and MODIS

The potential structural information pvovwded by the MODIS BRDF product is derived
from simplified linearized i of a surface py model — the Ross-
thick Li-sparse Reciprocal model (RTLSR; Roulean et al., 1992; Wanner et al., 1995; g s A ¥ f | _ , 3 o EucalypiLvistonaussock Trcda
Lucht et al., 2000). The RTLSR model is a semi-empirical BRDF model with geometric, A » . n_— . = - — e EZZ?CE{:LEL"'Z"TW“’"C‘"‘
isotropic and volume components (Roujean et al, 1992) parameterized from the = vE R = N - N 2 i i
physical turbid media models of Ross (1981) and the geometric-optical shadowing
models of Li and Strahler (1992).
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BRDF = figg + fuo X Kgi(8, B, @) + Ty X Kye(8,, B, @) (Photos — M. J. Hill).

where k,,, is a function of view zenith 6, and illumination zenith , and describes the
volume scattering from canopy and ky,, is a similar function that describes the
shadowing and surface scattering from the canopy; ¢ is the relative azimuth between
the solar and sensor directions.
The MODIS BRDF product is derived from this model and the linearized expansion
- s . NDHD-R shape
of scattering terms can be used to create a range of geometric, isotropic and =, < A 3 3 > indicator for
volumetric shape indicators that may be useful in describing vegetation structure (Gao =] v 2 3 X it * 3 selected
et al., 2003; Table below). . 2 TR . n vegetation
floristic and
Time series of NDHD-R from day 81 to day 241 in 2005 over the Australia tropical savanna site near Darwin structural types
in the savanna
study region.
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Vegetation Description
Mangroves

Clumping Index
°
o

°
&

Canopy/Height Class

Saline idal mudlats +/- samphire

wcalyprus spp. -

°

Meluleuca viridfiora grassy 1ow open-woodland +/-a shrub layer +/- cmergent trees

Mixed species tssock grasslands or sedgelands +/- cmergent Pandanis sppand/or Corypha utan.

Melalewca minutolia low woodland with Sorghun spp. ussock grasses

Melulewca spp. open-forest.

‘Eucalypius tectifica andfor Corymbia spp. woodland with Sorgun spp and Selima nervosum tussock grasses.

*We applied the regression coefficients for a SZA of 47.5 degrees from a half ellipsoid canopy model (Chen et al., 2005) to the
NDHD-R image data to calculate a clumping index for day 177
*The resulting clumping index shows a strong resemblance to the pattern the canopy cover layer.
+Clumping increases as the value of the index decreases:

=high values represent the very open savanna areas, predominantly grassland;

=lower values correspond to woodland situations with a much higher tree canopy cover.
*When estimated clumping index is plotted for the main vegetation types:

=higher values are associated with the most uniform canopies, Dichanthium grassland and rainforest;

“there is significant variation among savanna types with canopy cover between 21 and
*Explanation requires more detailed understanding of the influence of different leaf types and orientations (e.g., different species of
eucalypt, and Melaleuca), different individual tree canopy shapes and densities (e.g., “pom-pom” versus eliptical; sparse versus
dense); and different arrangements of trees and open spaces (e.g., scattered versus clumped); and precise mapping of spatial
arrangements provided by, for example, LIDAR.

Conclusions

The results from this work show that there may be significant and complimentary information about savanna vegetation structure within the high level BRDF products
from both the MODIS and MISR sensors. Whilst a definitive relationship between savanna tree densities, arrangements, canopy shapes and tree heights could not be
obtained with such broad descriptive structure classes, the results showed distinct differences between individual, spatially defined savanna communities, and
considerable evidence of trends related to the aspect-ratio effects of canopy cover and tree height. We surmise that shadow casting, and arrangements of open space
and tree clumps could be quantitatively characterised, and generalised to the scale of MISR and MODIS pixels. In order to do this, more detailed and quantitative
than were for this study are needed relate the structural information content of these products to actual three dimensional metrics of
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rasland undersiorey
Corymbia dichromophioia

Rainforest communitis on sandstone

was defined by local polygons based upon a combination of
floristics (species classes), tree canopy cover and height classes. We then
chose a sample of the floristic-structure types to illustrate the responses
of MISR RPV parameters and MODIS BRDF shape indicators. These were
chosen on the basis of: 1) distinct canopy structural differences, e.g.
Eucalypt versus Melaleuca spp; 2) distinct canopy density and height
differences, e.g., rainforest, Eucalypt/grass savanna with different canopy
density and height classes; and 3) treed versus tree-less grassland, e.g.,
the Eucalypt savanna versus the Dichanthium sp. grassland. The types
chosen varied in pixel counts from the most predominant cover types
(7036 and 6952 pixels for £. miniata with grasses) down to small areas of
the most different cover types (135, 163 and 290 pixels for Melaleuca
spp. woodland (2) and Dichanthium sp. grasslands).

Eucalypius miniata grassy woodland.

it e Short-tussock grass
o Somet ‘without trees.

“Livistona humilis grassy tall open-shrubland.

=Obtained MISR L1B2 Local Mode Terrain HDF-EOS files for three blocks in path 106
over the Howard Springs flux tower in the Northern Territory for 10 dates throughout the
post-monsoonal season in 2005 - days 111, 127, 143, 158, 175, 191, 222, 235, 255
and 271.

*The local mode data were combined with L2AS_LAND and GMP layers to calculate
surface bidirectional reflectance factors (BRFs) at 275m. (Armston et al., 2007).

*The local mode “at-sensor” L1B2 radiances were first converted to top of atmosphere
(TOA) BRF and averaged to 1100m spatial resolution.

sLinear relationships were then established between the averaged local mode TOA
BRF the MISR level 2 land surface BRFs using linear ordinary least squares (OLS)

regression.

=The linear coefficients were then interpolated to 275m spatial resolution using bilinear
interpolation and applied to the L1B2 275m TOA BRFs to calculate 275m surface
BRFs.
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the “voxels” for MISR and MODIS pixels.
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