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OVERVI EW

During the reporting period, we continued our devel opnent and
supporting research for the MODI S BRDF- Al bedo and Land Cover/ Land
Cover Change products. This work included nodeling, validation,
and enpirical studies involving data analysis, as well as the
preparation of revisions to draft Al gorithm Technical Basis
Docunents (ATBDs) as required by the ECS Project.

TASK PROGRESS
BRDF/ Al bedo Product
Model Devel opnent

Al t hough nmuch of our effort during the 3-nmonth reporting period
was directed toward the continued devel opnent of the BRDF ATBD, we
were still able to continue with nodel devel opnent. Here our
efforts were focused on the sem enpirical nodel approach to
describing the BRDF. In this approach, the shape of the
directional reflectance function for a surface is nodel ed as the
wei ghted sum of two sinple trigononetric functions of view and
illumination positions and a constant. The constant and function
wei ghts are fitted to the directional observations by a |east
squares technique inplenmented by the Powell algorithm The trig
functions are attributed to (1) volunme scattering and (2) surface
scattering, and have a physical basis derived fromsinplification
of physical theory. Actually, there are several candidate
functions for each type (volune and surface scattering) , so a
nunber of sem enpirical nodels are possible. A nore conplete
description appears in the BRDF/ Al bedo ATBD.

W al so continued devel opent of the Monte Carlo surface BRDF
model and the stochastic BRDF nodel. The forner nodels the BRDF of
a het erogeneous nmixed pixel ‘with topographic relief, and the
|atter nodels the influence of the atnobsphere on the BRDF of a
surface conposed of three—di nensi onal envel opes of scattering
media. Both of these efforts are directed toward the understandi ng
of the spatial aggregation problemof |and surface covers as it
applies to BRDF. These nodels are being devel oped primarily by
Shunlin Liang at GSFC, although no longer affiliated with BU, Dr.
Li ang continues to participate in MODI S research at a reduced

| evel of activity.
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Mbdel Validation

Validation efforts focused on two nodel i ng approaches:

sem enpirical nodels and our geonetric-optical nutual shadow ng
nodel . For the semienpirical nodels, we examned the fit to
directional reflectance neasurenments in red and NIR bands made on
el even surface types including soils, crops, forests and

grassl ands. For each surface type, three or four sets of
nmeasurenents at different solar zenith angles were avail able. The
nodel s fit the neasurenents very will, with RVS errors often |ess
than 5% of mean reflectance val ues.

In collaboration with USAF Phillips Laboratory, we continued the
construction of a distributed-paranmeter BRDF database for the

St ani sl aus National Forest for the purpose of al bedo sinmulation.
The dat abase characterizes the geonetric-optical characteristics
of the vegetation cover of each 30-m pixel and calculates the

al bedo of the scene as a whole, using the terrain-dependent
version of the nutual shadowi ng BRDF nodel. The sol ar spectrum
al bedo for the entire diverse scene is quite conservative, Vvarying
only by +-10%or so with different sun angles. This suggests that
al bedo generalizes well over large regions, Wwhich is an inportant
conclusion for climatic nodelers as well as for the preparation of
our BRDF/ Al bedo product. The mgjor variable influencing al bedo is

the nature of the surface cover, not the sun an%;e. We conti nued
work on the nmanuscript describing these results, ut at the close

of the reporting period the manuscript was still unfinished.
Al gorithm Devel opnent

We al so conpl eted the devel opnent of the first version of the
specific algorithmto be used to recover BRDF and al bedo from
MODIS and M SR data. The al gorithm sel ects one of five candi date
nmodel s to describe t-he BRDF: (1) a topographic nodel, driven by
high-resolution digital terrain data; (2) a topographic nodel
driven by a statistical characterization of slope facets; (3) a
pl ane-paral |l el vegetation canopy nodel; (4) a geonetric- optica
nodel ; and (5) an enpirical nodel wth physically—derived kernels
that describe the shape of the BRDF function w thout providing
specific physical paraneters. The BRDF al gorithmuses the Powel |
algorithmto fit the specific nodel to the observations in a
forward, iterative procedure. The software was delivered to the
MODIS SDST in |late January.

Wth the arrival of Dr. Wl fgang Wanner fromthe University of
Kiel, we began the devel opnment of a new structure for the BRDF
code that is nuch nore flexible, allow ng BRDF nodels to be freely
added at will. Wth the new code, it will be nuch easier to
conpare different nodels with data in both forward and inverse
nmodes. This new version will provide the basis for our delivery of
the next version of the code, due in Cctober.

Al gorithm Techni cal Basis Docunent



During the reporting period, we continued the devel opnent of the
BRDF/ Al bedo product ATBD, which required a major expenditure of
effort . Version 2.1 was conpleted and submtted to ECS Chi ef
Scientist Mke King on March 1 as directed by the ECS Project.

Land Cover/Land- Cover Change Products
Land Cover

During the reporting period, we continued our studies of the
effects of of resolution cell size on the distribution of Iand
cover units. Previously, we had shown that estinmates of the
proportions of |land cover types vary as a function of spati al
resolution, wth |large changes occurring as aggregati on becones
coarser and coarser. The changes are influenced by the initia
coverage of each land cover class as related to that of other
classes, and to the spatial pattern of occurrence (e.g. , patch
size and shape) of the class. The target area for the study is the
Pl umas National Forest in the Sierra Nevada of California. Qur
current work uses linear regression and regression-tree nodels to
predi ct cover class proportions using patch size, scale of
aggregation, and the Shannon diversity index. W began a
manuscri pt summari zing the results of our nodeling work, which was
still wunder devel opment at the close of the period.

Qur work on the use of neural net classifiers for the |and cover
product also continued. W began the application of a neural net
classifier to TMdata for the Plumas National Forest. These data
were resanpled to 250 m and 500 m spatial resolution, using the
convol ution al gorithm provided by the MDD S SCST. The classifier
perfornmed quite well in separating the broad cl asses of |and
covers that are planned to be recognized in the final product. The
classifier performed poorly, however, when exercised on conposite
NDVI data of the same area. The results seemto indicate that at
the local scale of a small region, there is not nuch information
in NDVI tine trajectories; rather, that type of information is
much nore useful at the subcontinental or continental scale.
However, the cover classes within a small region can be accurately
di stingui shed using the spectral resolution that is lost in the
conversi on of neasurenents to conposite NDVI. Further data

anal ysis is planned before preparing a manuscript sunmarizing the
results.

W al so began an inplenentation of the Running and Nemani | ogic,
whi ch uses a hierarchical decision tree classifier on conposite
NDVI data, as applied to the Plunmas National Forest. At the close
of the period, studies were under way conparing the neural net and.
deci sion-tree approaches to classification in the specific context
of the Pl unmas.

Land—Cover Change



During this period, we continued devel opnent of the change-vector
techni que for identifying and quantifying | and-cover change
processes. This work was carried out primarily by Eric Lanbin at
the Joint Research Center in Ispra, Italy. Mst of the period was
spent in assenbling a database of 10 years of registered AVHRR GAC
NDVI and surface tenperature data for Africa. The data were
conposite at nonthly intervals. At the close of the reporting

peri od, the database was still being assenbl ed.

Al gorit hm Devel opnent

A considerable effort during this period was devoted to the
redrafting of the Land Cover/Land- Cover Change Product ATBD
version 2.0 of the ATBD was prepared and subnmitted on March 1, as
requested by the ECS Project.

As a prototype algorithm we delivered a trained neural net with
i nput inmages and output classification to the MODI'S SDST.

ANTI Cl PATED ACTI VI TI ES DURI NG THE NEXT QUARTER
BRDF/ Al bedo Product

Qur primary activities during the next quarter for the BRDF/ Al bedo
product will be (1) to continue to develop, refine and test the
BRDF/ Al bedo al gorithm and (2) prepare for the presentation of the

al gorithm at the ATBD Revi ew Panel neeting scheduled for early
May.

Land Cover/Land- Cover Change Product

W will continue the studies of |and cover proportion estimtion
at coarse spatial resolutions, and finalize our results with a
second manuscript to be ready at the end of the quarter. Ve wil |

conduct trials conparing the neural net classifier to the Running—
Lovel and threshol ding method. For the Land-Cover Change

Parameter, we wll concentrate on further devel opnent and

processi ng of the African GAC dataset being provided by Mlingreau
at the JRC in Ispra.

As in the case of the BRDF/ Al bedo product, we will also continue
our preparation for the peer review of the Land Cover ATBD.

PROBLEMS/ CORRECTI VE  ACTI ONS

During this reporting period, wWe did not encounter any significant
probl ens requiring corrective actions beyond the every day
probl ens that occur in research and algorithm devel opnent.

OTHER ACTI VI TI ES



1. Dr. Wl fgang Wanner, of the University of Kiel, joined the BRDF
research team Dr. Wanner’'s prior research was in space physics
and concerned interplanetary fields of matter and energy in the
sol ar system

2. Dr. FEric Lanbin, fornerly Assistant Professor of Ceography at
Boston University, continued research at the EU Joint Research
Center in Ispra, Italy, focused on |and cover change. Although no
| onger supported by our MODI' S budget, this work continues to be of
direct relevance. Dr. Lanbin was proposed as an Associate Team
Menber, and his appoi ntnent was approved by Team Leader Vince

Sal ononson.

3. Two new first-year graduate students, Jordan Borak and Pau
Fi sher, began work on the |l and cover product, providing support
for Aaron Mody.

4. The Principal Investigator attended the Sixth International
Synposi um on Physi cal Measures and Signatures in Renote Sensing
and presented a paper sunmarizing recent work in BRDF nodeling.
The synposiumwas held in Val d Isere, France, January 17-21,
1994.

5. The Principal Investigator attended an informal neeting at GSFC
on February 1 which focused on BRDF and VI issues and presented
plans for BRDF retrieval fromMXDI S and M SR as included in the
ATBD .

6. On Tuesday, March 15, Tom Pagano and Carl Schuel er of Santa
Bar bara Research visited BU and were briefed on the status of the
BRDF/ Al bedo and Land Cover products by the BU research staff.

7. The Principal Investigator attended the Annual Meeting of the
Associ ati on of American Geographers during the period March 29-
April 2, presenting a paper on the MO S instrunment and the | and
products to be derived fromit. The neeting was Field in San
Franci sco.

PUBLI CATI ONS

The status of pending publications supported all or in part by
this contract and its predecessor is shown bel ow

Submi tted

The followi ng manuscripts were submtted for publication during
this reporting period:

Strahler, A H, 1995 Vegetation canopy reflectance nodeling --
Recent devel opnents and renote sensing perspectives, submtted for
journal publication through the Proceedings of the Sixth

I nternational Synposium on Physical Measurenents and Sighatures in
Renot e Sensi ng.



Previously Submtted

The followi ng manuscripts were previously submtted and are in the
revi ew process:

Li, X, A  H Strahler, and C E. Wodcock, 1994, A hybrid
geonetric optical-radiative transfer approach for nodeling al bedo
and discretional reflectance of discontinuous canopies, |EEE Trans.
Ceosci . and Renote Sens. , subnitted.

Liang, S. and A. H Strahler, 1994, An analytic radiative transfer
nodel for a coupled atnosphere and | eaf canopy, J. Geophys. Res. ,
subnitted

Liang, S. and A. H Strahler, 1994, Retrieval of surface BRDF from
multiangle renotely sensed data, to Renpote Sens. Environ. |,
subnmitted

Revi sed and Accept ed

The follow ng manuscripts were accepted for publication with
revision, were revised, and resubmtted during this reporting
peri od:

Bar ker Schaaf, C., X Li and A H Strahler, 1994, Topographic
effects of bidirectional and hem spherical reflectances cal cul ated
with a geonetric-optical canopy nodel, |EEE Trans. Geosci. and
Renote Sens. , in press.

Liang, S. , and A H Strahler, 1994, A four-stream solution for
at nospheri c radi ance transfer over a non-Lanbertian surface,

Applied Optics, in press.

In Press

The followi ng manuscripts were in press during this reporting
peri od:

Moody, .A , and C. E. Wodcock, 1994, Scal e-dependent errors in the
estimation of |and-cover proportions—Inplications for gl obal

| and- cover datasets, Photogrammetric Engineering and Renote
Sensing, in press.

Barnsley, M J., A H Strahler, K P. Mrris, and J.-P. Miller,
1994, Sanpling the surface bidirectional reflectance distribution
function (BRDF) : Eval uation of current and future satellite
sensors, Renote Sensing Reviews, in press.

Moody, A and A H Strahler, 1994, Characteristics of conposite
AVHRR data and problens in their classification, Int. J. Renote
Sens. , in press.



Running, S., C Justice, D. Hall, A Huete, Y. Kaufmann, J-P.
Muller, A Strahler, V. Vanderbilt, Z-M Wan, 1994, Terrestria
renote sensing science and al gorithns planned for EGCS/ MOD S,
Renote Sens. Environ. , in press.

Lanbin, E. F. and A H Strahler, 1994, Change-vector analysis: A
tool to detect and categorize |and-cover change processes using
high tenporal-resolution satellite data, Renote Sens. Environ.

in press.

Lambin, E. F. and A. H Strahler, 1994, Indicators of Land-Cover
Change for Change-Vector Analysis in Miltitenporal Space at Course
Spatial Scales, Int. J. Renbte Sens. , in press.

Publ i shed (Copies to be provided with sem annual report)

Abuel gasim A A and A H Strahler, 1994, Mdeling bidirectional
radi ance neasurenents collected by the Advanced Solid-State Array
Spect ror adi oneter (ASAS) over Oregon Transect conifer forests,
Renote Sens. of Environ. , vol. 47, pp. 261-275.



