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BRDF ALBEDO

1. TITLE Modeling the D rect-Beam | nstantaneous Spectral Surface
Al bedo of a Forested Landscape using Geonetric-Qptics

2. PERSONNEL: Lead: Crystal Schaaf Hel p: Xiaowen Li, Shunlin Liang
3. PRQIECT AFFILIATION. MXDI S
4. DATE PREPAREDY UPDATED: 92-10-5

5. BRI EF DESCRI PTION: The Li-Strahl er geometric-optical node

i ncorporates nutual shadowing effects in its representation of the
BRDF of an ani sotropic canopi ed surface. This nodel can be
extended by integration over the view ng hem sphere to provide a
di rect-beam instantaneous surface al bedo for that surface.

Further integration over the sun's path in the sky can yield daily
or longer interval albedos as well. These spectrally dependent

hem spheri cal reflectance val ues can be conputed for rugged
terrain but do not directly include canopy multiple scattering,

di ffuse irradiance contributions, or specular |eaf effects.
Acconmodat i ons for these phenonmena will be explored and where
possi bl e i npl enent ed.

6. BROAD CONTEXT:
A. Extend the Li-Strahler nodel to cal cul ate instantaneous
spectral al bedos and ultimately to produce the daily al bedos
used by the climte nodeling comunity.
B. Incorporate realistic corrections for rugged topography,
di ffuse irradiance contributions, and the specul ar effects of
t he canopy conponents.

C. Sinulate the al bedo conputations that will be possible
with ECS sensors such as M SR

D. PhD for Gystal Schaaf.
7. REQUI REMENTS:

A. Al bedo code fromLi-Strahl er geonetric-optical nodel



B. Code to conpensate for the effect of topography.
C. Liang-Strahler coupled radiative transfer code to
investigate the effects of diffuse irradi ance and the
specul ar | eaf effects.

8. CGENERAL PLAN

A. I nplenment al bedo cal culations in the geonetric-optical
nodel .

B. Test sensitivity of calculation to solar illumnation
angl e using a set of hypothetical canopies.

C. Use Liang-Strahler coupled radiative transfer code and a
variety of optical depths to assess the diffuse irradi ance
contribution to al bedo.

D. Use Liang-Strahler coupled radiative transfer code to
assess the inpact of |eaf specularity on al bedo.

E. Assess inpact of diffuse irradiance and | eaf specularity
on the Li-Strahler geometric-optical nodel.

F. Inplenent any corrections for the diffuse irradi ance and
| eaf specul arity phenonena.

G | npl enent topographic corrections.
H. I npl enent code on parallel processor.
| . Investigate broadband conputati on.
J. Prepare dissertation/publication.
9. PRQJIECT STATUS: A, B, C, D and E conpl ete.
10. PRESENTATI ONS/ PUBLI CATI ONS:
A. PhD Dissertation or journal articles.

11. SPECI AL PROBLEMS/ COMMVENTS: Conput er upgrade has sl owed
pr ogr ess

12. REPORTI NG PERI OD: Sept enber, 1992
13. ACCOWPLI SHVENTS:
A. Oiginal version of the Li-Strahler code (with the ability

to incorporate sensor characteristics) has been commented and
not hbal  ed with RCS/.



BRDF ALBEDO S| MULATI ON

1. TITLE Ceonetric-Qptical Mdeling of the Direct-Beam
| nst ant aneous Spectral Surface Al bedo of a Forested Landscape
using a Sinulation Scene and a Distributed Paraneter Approach

2. PERSONNEL: Lead: Crystal Schaaf Hel p: Xiaowen Li, Scott
Maconber

3. PRQIECT AFFILIATION: MDD S
4. DATE PREPARED UPDATED: 92-10-5

5. BRI EF DESCRI PTION: The Li-Strahl er geometric-optical node
represents the BRDF of an ani sotropi c canopi ed surface. This node
can be extended by integrating over all view angles to provide a
di rect - beam instantaneous spectral surface al bedo for that
surface. Further integration over the sun's path in the sky can

yield daily or longer interval al bedos as well. A simulated
forested | andscape with rugged terrain will be used to test the
sensitivity of nodel ed al bedos to illum nation angle, topography,

and sensor resol ution.
6. BROAD CONTEXT:

A. Test the sensitivity of surface albedo to illumnation
angl e, topography, and sensor resol ution.

B. Cone to an understandi ng of how al bedos vary w thin and
across the | andscape.

C. PhD for Crystal Schaaf.
7. REQUI REMENTS:

A. Simul ated forested | andscape with canopy and background
characteristics specified.

B. Appropriate DEM for the | andscape.

C. Li-Strahler geonetric-optical nodel extended for
i nst ant aneous al bedo.

8. CGENERAL PLAN
A. (btain a Landsat inmage of Stanislaus National Forest that
has been stratified according to canopy and background
characteristics.
B. (btain correspondi ng DEM

C. CGenerate slopes and aspects.



D. CGenerate horizons for a realistic range of solar angl es.

E. Obtain appropriate conponent signatures for the simnulation
stratifications.

F. Conpute al bedo for each stratification at each solar angle
(assumng level terrain).

G Use conputations of each stratification type to generate
i mages of al bedo that can be | ooped t hrough each sol ar angle
(simul ating the changes in al bedo throughout a day).

H Further stratify the simulation scene according to sl ope
and aspect.

| . Reconmpute al bedo for all new stratifications using
appropriate terrain characteristics and regenerate al bedo

i mages.

J. Test sensitivity of al bedo topographic variations.

K. Use a distributed paraneter approach to generate al bedos
at various pixel resolutions and investigate sensitivity to
scene vari ation.

L. Prepare dissertation/publication.

9. PRQJIECT STATUS. A, B, C, conplete.

10.

11.

12.
13.

PRESENTATI ONS/ PUBLI CATI ONS
A. PhD Dissertation or journal articles.
SPECI AL PROBLEMS/ COWWENTS
A Dfficulties in determ ning appropriate conponent
si gnat ur es.
REPORTI NG PERI OD:  Sept enber, 1992
ACCOWPLI SHVENTS:
A. | PWcommand Horizon is now working (after the conputer

upgrade). Initial horizon fields for the simulation scene at
certain solar angl es have been conput ed.

BRDF ALBEDO VALI DATI ON

1. TITLE Validation of a CGeonetric-Qptical Mdel of D rect-Beam
| nst ant aneous Spectral Surface Al bedo for Forested Landscapes



2. PERSONNEL: Lead: Crystal Schaaf Hel p: Xiawen Li, Abuel gasim
3. PRQIECT AFFILIATION. MXDI'S

4. DATE PREPAREDY UPDATED: 92-10-5

5.

BRI EF DESCRI PTION: The Li-Strahl er geonetric-optical node
i ncorporates the effects of shading and rmutual shadow ng by
i ndividual tree crowns to represent the BRDF of an ani sotropic
canopi ed surface. This nodel can be extended by integrating over
all view angles to provide a direct-beam instantaneous surface
al bedo for that surface. These spectrally dependent hem spheri cal
refl ectance values do not directly include multiple scattering,
di ffuse or specul ar effects, although sone accommodati ons for
t hese phenonmena can be nade. The FEDVAC tower site in How and ME
will be nodeled using illum nation angles appropriate for 8
Sept enber 1990 and the resultant al bedos will be conpared wth
tower pyranoneter data collected on that date. Principal plane
BRDFs wi || be conpared with ASAS data al so avail abl e fromthat
dat e.

6. BROAD CONTEXT:

A. Validate the instantaneous spectral al bedo extension to
the Li-Strahl er Mddel by using FEDVAC pyranomnet er data.

B. Further validate the original Li-Strahler nodel by using
ASAS dat a.

C. Explore the limtations of the al bedo nodel.
D. PhD for Gystal Schaaf.
7. REQUI REMENTS:
A. Al bedo code fromLi-Strahl er geonetric-optical nodel
B. Mai ne FEDMAC pyranonet er and met eorol ogi cal dat a.
C. FEDVAC site forest characteristics.

D. Radi onetric neasurenents of FEDMAC site to use as
conponent si gnat ures.

E. ASAS overflights from8 Sept 90.

F. Liang-Strahler coupled radiative transfer code.
8. GENERAL PLAN

A. (btain FEDVAC data set.

B. Make BRDF al bedo conputations using forest characteristics
and radionmetric nmeasurenents for solar angles appropriate on



8 Sept 90.

C. btain ASAS data for the principle plane across the tower
site.

D. Conpare nodel ed BRDFs to ASAS neasurenents.
E. Conpare nodel ed al bedos to pyranoneter neasurenents.
F. Use Liang-Strahler coupled radiative transfer code to
assess the contribution of diffuse irradiance throughout the
day.
F. Prepare dissertation/publication.

9. PRQIECT STATUS. A conplete and C underway.

10. PRESENTATI ONS/ PUBLI CATI ONS:
A. PhD Dissertation or journal articles.

11. SPECI AL PROBLEMS/ COWWENTS: No probl ens.

12. REPORTI NG PERI CD: Sept enber, 1992

13. ACCOVPL| SHVENTS:

A. ASAS images fromthe first overflight have been renoved
fromtape and tower region |ocated.

ECS- BRDF PAPER

1. TITLE Retrieval of BRDFs and Rel ated Physical Parameters Using
ECS Instrunents |: Evaluation of Obit-Sensor Scenari os

2. PERSONNEL: Lead: Al an. Hel p: Xi aowen, M ke Barnsley, David
Jupp.

3. PRI MARY FUNDI NG SOURCE: MODI S
4. DATE PREPARED UPDATED: 92-10-10
5. BRIEF DESCRI PTION: The abilities of Landsat, AVHRR SPOT,
MDI SN, MDD S-T and M SR to make directional reflectance
nmeasurenents are conpared and eval uated in the context of deriving
BRDFs and structural paraneters renotely.
6. BROAD CONTEXT:
A. Better understand BRDF i nference fromEGCS instrunents

B. Build productive links with international coll aborators



C. Provide context for MODI'S BRDF al gorithm devel opnent
7. REQUI REMENTS:

A. Obit/angl e codes: Xi aowen, M ke Barnsl ey

B. BRDF nodel s: Xi aowen
8. GENERAL PLAN:

A. Run progranms and prepare graphics for typical sensing
scenari os and proper orbits.

B. Discuss and conpare the abilities of the instrunents to
sanple and retrieve the BRDF.

C. Interpret the inplications for ECS, MXOD'S, and M SR
9. PRQJIECT STATUS: A-C largely conplete.
10. PRESENTATI ONS/ PUBLI CATI ONS:

A. Barnsley, Strahler, Miuller, Li paper, nowin partial
draft. To be conpleted Fall, 1992

B. Prepared a brief report for the MODIS Team Meeting, April,
1992.

11. SPECI AL PROBLEMS/ COMMENTS: None at this tine.
12. REPCRTI NG PERI OD: Sept enber, 1992
13. ACCOVPLI SHVENTS:

A Still awaiting return of manuscript from Barnsl ey.

ECS- BRDF STRATEGY

1. TITLE Develop BRDF Extraction Strategy for MDD S and M SR
| nstrunent s

2. PERSONNEL: Lead: Al an. Hel p: Xi aowen, Shunlin, M ke Barnsl ey,
Davi d Jupp.

3. PRI MARY FUNDI NG SOQURCE: MDD S
4. DATE PREPARED UPDATED: 92-10-12
5. BRIEF DESCRIPTION Wrk with M SR and MODI'S Team Menbers to

devel op the strategi es needed for BRDF extraction and
appl i cati ons.



6. BROAD CONTEXT:
A. Better understand BRDF i nference from ECS i nstrunents.

B. Build productive links with M SR Team Menbers and BRDF
peers.

C. Provide context for BRDF al gorithm devel opnent.

7. REQUI REMENTS:
A. No special requirenents.

8. CGENERAL PLAN:
A. Plan, devel op and conduct workshop of MODI S-M SR BRDF Team
Menbers, June, 1992, follow ng | SLSCP neeting in Col unbi a,
Mar yl and.

B. Prepare neeting report.

C. Devel op research coordination plan for joint teamefforts.

9. PRQJIECT STATUS: A conplete; B. nearly conplete.

10. PRESENTATI ONS/ PUBLI CATI ONS:
A. Wrkshop neeting report. Rough draft to participants,
July, 1992. Final draft to participants, ECS authorities,
Sept enber, 1992.

11. SPECI AL PROBLEMS/ COWMENTS: None at this tine.

12. REPORTI NG PERI OD: Sept enber, 1992

13. ACCOWPLI SHVENTS:

A. Prepared draft of final report of BRDF neeting.

1. TITLE Categorization and ldentification of Land Cover Change
Processes from MODI S dat a.

2. PERSONNEL: Lead: Eric Lanbin Hel p: Alan Strahler, Aaron
Moody

3. PRI MARY FUNDI NG SOURCE: MDD S
4. DATE PREPARED UPDATED: 92-10-1



5. BRI EF DESCRI PTI ON: A change detection nmethod will be devel oped
for MODIS data in order to detect and categorize | and cover change
processes on a global scale and to quantify the rate of change.
The nethod will be based on a conparison, on an annual basis, of

t he tenporal devel opnent curve of a set of biophysical and spatia
i ndicators derived fromMXDI S data. The seasonal dynam c of these
i ndicators can be represented by a point in a nultidimnmensional
space, each dinension of this space corresponding to a tine-
conposi ted observation. The vector representing the position of
this point is a synthetic quantifier of both the accunul ated val ue
of the indicator through the season and the tenporal pattern of

t he indicator. Change of seasonal dynam c of the indicator between
successi ve years can be quantified by a di stance neasurenent

bet ween successive points in the tenporal multidi nensional space.
The di stance between these points can be described by a change-
vector, the nagnitude of which describes the intensity of the
change and the direction of which describes the nature of the
change process. The nmethod to cal cul ate the change-vector can take
into account the intrinsic variability of ecosystem conditions.
The suitability of this approach to characterize the nature and
intensity of various change processes will be expl ored.

6. BROAD CONTEXT:

A. Better understand | and cover changes and processes and
how these are reflected in renotel y-sensed i magery.

B. Provide basic information for gl obal change studi es of
human i npact on earth ecosystens.

7. REQUI REMENTS:
A. Miltitenporal conposited AVHRR LAC/ HRPT data over areas of
active | and cover change in different ecosystens. The areas
shoul d represent a wide array of |and cover change processes.

B. G ound data, maps or high resol ution renotely-sensed data
(Landsat TM or SPOT) over the sane areas.

8. CGENERAL PLAN:

A ldentify the main processes of |and cover change observed
in the ecosystens under consideration.

B. Categorize of these | and cover change processes in a
classification system

C. Develop criteria to recognize the different categories of
| and cover change processes from MOD S dat a.

D. Test these criteria on renotely sensed data (AVHRR
LAC/ HRPT dat a) ;

E. Test of nethods to quantify the rate of the change



process.

9. PRQJIECT STATUS: A, B, C, D in progress.

10.

11.
12.
13.

PRESENTATI ONS/ PUBLI CATI ONS

A. Journal article on the results of the test on AVHRR
LAC/ HRPT data of the change detection approach over sone test
sites.

B. Presentation of the approach at the MDD S Land Cover
neeting, Flatehead Lake, Septenbre 92.

SPECI AL PROBLEMS/ COWWENTS: None.
REPORTI NG PERI CD: Sept enber, 1992.
ACCOWPLI SHVENTS:

A Finalize prelimnary literature review
B. Continue devel opnent of nethodol ogy.

C. Travel to Ispra, Italy, My, 1992, to obtain the foll ow ng
data fromthe Joint Research Centre (Ispra), MV G oup
(Mal i ngreau):

- LAC HRPT AVHRR data covering a region in Wst Africa across
Mal i, Senegal and Quinea (512 x 512 pixels), at 102 dates
from 1987 to 1989 (2 hydrol ogic years). These data are
geonetrically corrected and accurately co-regi stered. They
have been processed with the NEWAN software (Vogt, 1990),

whi ch cal cul ates several biophysical paraneters, including
NDVI and surface tenperature.

- GAC AVHRR data covering Wst Africa (512 x 512 pixels), 261
10- days- conposite images from 1981 to 1988. Only the NDVI is
provi ded.

- Meteorol ogi cal, hydrol ogical, vegetation and | and cover
data on the correspondi ng years.

D. Tenporal profiles for several pixels of known identity
have been retrieved fromthe dataset and anal yzed in terns of
mul titenporal change vectors.

E. The West African area has been included in the |ist of
MODI S Land Cover test sites. Landsat MSS data will be
acqui red.

F. Several techniques to renove the noise of the NDVI and
surface tenperature tinme series are tested on the data.



LAND COVER TECH

1. TITLE Technical Issues in Processing Low Spatial, H gh
Tenporal Resolution Data Sets For Producing 3 obal Land
Cover /| and- cover Change >From MIDI S

2. PERSONNEL: Lead: Aaron Mbody Hel p: Alan Strahler, Eric Lanbin
3. PRI MARY FUNDI NG SOURCE: MODI S
4. DATE PREPARED UPDATED: 92-10-15

5. BRI EF DESCRI PTI ON: Techni cal probl ens associated with
processi ng AVHRR data as a surrogate for MODIS will be expl ored
and assessed with regard to their inplications for producing |and
cover/ |l and-cover change data sets. Such issues include cloud
screeni ng; image conpositing nethods and frequency; off-nadir
viewi ng distortion effects; scene rectification and registration;
and vegetation indices.

6. BROAD CONTEXT:

A. Exam ne and understand the influence of tenporal and
spati al sanpling considerations, clouds, conpositing
procedures, vegetation indices, and view ng geonetry on
AVHRR\ i mage data sets and how these will affect |and cover
characterization from MDD S-N.

B. Provide recommendati ons and expl ore new approaches to
dealing with the issues outlined above.

C. Moody, Ph.D
7. REQUI REMENTS:

A. H gh tenmporal resolution AVHRR LAC data at conti nent al
and, eventually global scale. It will be inportant to have
daily data for at |least a few small sub-areas

8. CGENERAL PLAN:

A Reviewthe literature for current procedures and probl ens
associated with processing AVHRR data for |and cover studies.
Focus on strengths and weaknesses of conpositing procedures,
limtations of rectification and registration associated with
vi ewi ng geonetry and topography, and the relative nerits of

di fferent vegetation indices. Include discussion of
[imtations encountered in attenpting to process AVHRR dat a
and how these may or nay not prove problematic in the
processing of MDD S data for |and cover/| and-cover change.

B. Recommend solutions to the limtations identified and
defined in A above. Such reconmmendati ons may include hybrid
cl oud screeni ng and conpositing techni ques, use of soi



adj usted or atnospherically resistant vegetation indices,
limtation of data to that within a certain view angl e range,
use of texture or spatial variance to assess data quality,
and devel opnment of flexible conpositing periods.

9. PRQJIECT STATUS: A. in progress.
10. PRESENTATI ONS/ PUBLI CATI ONS:

A Article on clouds and view ng angl e problens in conposited
AVHRR data; submt Fall, 1992.

B. Article recommendi ng resolutions to problens discussed in
paper A, submt Wnter, 1992.

C. Part of Ph.D. Dissertation.
11. SPECI AL PROBLEMS/ COMMVENTS: No probl ens/ comment s
12. REPORTING PERI CD: July to Septenber, 1992
13. ACCOVPL| SHVENTS:

A. Third draft of paper (A) conpleted. Next draft in
progress. Focus on: influence of view ng angle on data
quality; success of the conpositing procedure in elimnating
cl oud contam nated and of f-nadir pixels; influence of the

| ocation of data receiving stations on the view angle of the
i magery; influence of clouds which are included in the
conposi ted data upon unsupervi sed classification results.

LAND COVER TEST SI TES

1. TITLE Devel opnent of Land Cover/Land- Cover Change
Characterizati on Techniques for MDD S N Using Test Sites.

2. PERSONNEL: Lead: Aaron Mbody Hel p: Alan Strahler
3. PRI MARY FUNDI NG SOURCE: MODI S
4. DATE PREPAREDY UPDATED: 92-10-15

5. BRIEF DESCRIPTION: The utility of conposited AVHRR data for
Land Cover/Land- Cover Change categorization is examned in two
ways. First, AVHRR characteristics and their relation to broad
veget ati on cover types are explored for selected regions of the
U.S., including New Engl and and Eastern New York, Maryland and the
m ddl e Atlantic region, and California. Second, |and cover types
and characteristics as inferred from AVHRR are exam ned for a set
of 100 x 100 kmU. S. test areas, including eastern Massachusetts;
Konza Prairie; G acier National Park; La Jornada, New Mexico; and
Cak Ri dge, Tennessee. Methods of AVHRR processing will include
unsupervi sed and supervi sed classification; clustering based on



t enmporal bands, principal conponents, and derived vari abl es;

| abel i ng of AVHRR pi xel s based on NDVI tine-trajectories; and
conparison with MSS and ot her avail able data, such as TM and SPOT,
for validation. Terrain effects will be assessed using digital
terrai n nodel s.

6. BROAD CONTEXT:

A. Gain a basic physical understanding of the | and surface,
how it is changing, and how underlying controlling factors in
t he | andscape i nfluence the | and cover.

B. Devel op appropriate procedures for processi ng AVHRR and,
ultimately MODI S data to produce gl obal |and cover/| and-cover
change inventori es.

C. Moody, Ph.D
7. REQUI REMENTS:

A. H gh tenmporal resolution AVHRR LAC data at conti nental
and, eventually gl obal scale.

B. MsS, TM SPOT, and ground data from 20 to 30 100x100 km
test sites representing a wide array of |and cover types and
m xt ures.

C. dobal digital terrain data.
8. CGENERAL PLAN:

A. Use AVHRR data to run multiple |and cover classifications
using different techniques; eg. supervised and unsupervi sed
classifications using tenporal bands; principal conmponent
bands; and derived vari abl es such as onset of greenness, max
NDVI val ue, date of max value, |ength of growi ng season, etc.

B. Collect/conpile high resolution satellite data and field
data for a wide range of test sites representing nany |and
cover types and conbi nati ons.

C. Test, validate and inprove the classification procedures
t hrough conmparison with the field data and hi gh resol ution
satellite data.

D. Assess relative perfornmance of various classification
procedures and begin to fornulate a plan for global Iand
cover assessnent.

9. PRQJIECT STATUS: A and B, in progress.

10. PRESENTATI ONS/ PUBLI CATI ONS



B. Articles conparing performance of various classification
t echni ques across a host of test sites; submt Spring 1993.

C. Part of Ph.D. Dissertation.
11. SPECI AL PROBLEMS/ COMMVENTS: No probl ens/ commrent s
12. REPORTING PERI CD:. July to Septenber, 1992.
13. ACCOVPLI SHVENTS:

A Prelimnary classifications perforned for New Engl and

regi on using AVHRR data. C assification procedures included
unsupervi sed clustering of biweekly conposites, clustering of
bands representing variables derived fromthe terrporal curve
(onset of greenness, |length of grow ng season, naximm
greenness val ue, date of maxi mum val ue), and clusteri ng of
princi pl e conponent bands.

B. Desired locations for initial test sites have been
identified by the land cover/| and-cover change group. Two MSS
scenes for each | ocation have been sel ected and requested
from ECS data center. This data should be forthcom ng.
Acquisition of this data will allow the continuation of item
Cand Din the General Plan section.

C. Prepared reconmendations for four additional test site
| ocati ons.

D. Assessing utility of first test site data set as provided
by ERCS Data Center.

E. Preparing to use Sahel AVHRR data set (see Lanbin) for
prelimnary classification attenpts.

LAND COVER UNI TS

1. TITLE Investigation of Land Cover Units and their
Appropri ateness for Land Cover/Land- Cover Change Characterization
using MDD S

2. PERSONNEL: Lead: Aaron Mbody Hel p: Alan Strahler, Eric Lanbin
3. PRI MARY FUNDI NG SOURCE: MODI S
4. DATE PREPAREDY UPDATED: 92-10-15

5. BRIEF DESCRIPTION: The literature on | and cover
characterization strategies will be reviewed. The units of
different classification schenes will be assessed with regard to
their ability to support nodels of global clinmate, bi ogeochem cal
cycl es and ecosystem dynam cs. Focus will be on floristic,
structural and functional classification schenes. Existing gl obal



| and cover data sets will be reviewed under the sanme criteria with
a focus on the relationship between cover types and the physi cal
parameters which need to be inferred fromthem for use in nodeling
activities.

6. BROAD CONTEXT:

A. Devel op a background for the types of classification
schenes that could be used for the purposes of global |and-
cover characterization.

B. Establish the strengths and weaknesses of existing
classification schemes and gl obal | and-cover data sets vis a
vis the current and future needs of global and regional scale
nodel s, and how these relate to | and cover/| and-cover change
usi ng MDD S.

C. Develop rationale for a scheme based on physica
functionality of land cover units; eg. rates of gas, water,
and energy exchange.

D. Part of Ph.D. for Mbody
7. REQUI REMENTS:

A Literature relating to | and cover classification schenes,
gl obal | and cover data sets, global process nodels, and the
needs of the gl obal science conmunity for characterization of
| and-cover units.

B. Possibly digital and/or hard copies of existing gl obal
| and cover data sets.

8. CGENERAL PLAN:

A. Reviewthe literature for approaches to classifying | and-
cover at regional to gl obal scales. Focus especially on
recently devel oped | and-cover schenmes whi ch were desi gned
for use with regional or global scal e nodels.

B. Review existing regional and global |and cover data sets
with an eye towards their utility for serving ECS goals for

gl obal science. Discuss the potential for developing simlar
or inproved products using renotely sensed data from MOD S.

Expl ore i ssue of using renote sensing to produce functional

rat her than descriptive | and cover data sets.

C. Review literature on global scale nodels, how they are
supported by existing global |and-cover data sets, and how

| and- cover units are translated into the types of quantities
necessary to drive these nodels. Include investigation of
nodel ing needs in terns of data resolution, spatial

resol ution of |and-cover data sets and representatin of sub
grid-scale variability.



D. Tie the above reviews together with the goals and

obj ectives for |and cover/l and-cover change as stated by ECS
and the U S. dobal Change Research Programand build a
rationale for a type of |and-cover characterization which is
suited to neet these prinmary objectives.

9. PRQJIECT STATUS: A, B, Cin progress.

10. PRESENTATI ONS/ PUBLI CATI ONS:
A Article for publication
B. Part of Ph.D. Dissertation.

11. SPECI AL PROBLEMS/ COMMVENTS: No probl ens/ comment s

12. REPORTING PERI CD: July to Septenber, 1992.

13. ACCOVPL| SHVENTS:
A. Mich literature gathered and sone synthesis of materials.
B. Currently preparing material for upcom ng Land Cover
neeting. Focusing on | and cover data needs of the ECS

conmuni ty, and how t hese needs may be net using MODI S dat a.

C. Have begun to conpile literature on global |and cover and
| and surface characteristics data sets.

D. CQurrently researchi ng neso-scal e and gl obal scale climate,
circul ati on and hydrol ogi c nodels. Focus has been on | and
surface paraneterization--especially characteristics
associated with vegetation cover--and paraneterization of
subgri d-scal e hetero-geneities.

E. Input fromresearch conducted to date provided to MDD S

Land Team nmenbers at the Land Cover neeting in Septenber,
1992 at Fl at head Lake, Mbontana.

MODI S- SPATI AL STRUCTURE

1. TITLE Devel opnent of Measures of Spatial Structure in MDD SN
250m I magery and Their Application for Local Surface

Characteri zati on and Subpi xel C oud Detecti on.

2. PERSONNEL: Lead: Panel a Cashman. Hel p: Shunlin Liang

3. PRQIECT AFFILIATION. MDD S

4. DATE PREPAREDY UPDATED: 92-10-16



5. BRI EF DESCRI PTI ON: Measures of spatial structure and their
information content are explored for 250-m and 1-km MJDI S i magery
whi ch has been sinulated by col |l apsing Landsat TM bands 3 and 4 to
a lower resolution using an | FOV-si nul ati ng Fourier convol ution
filter. Measures tested include w ndow variance and cross-band
correl ation; adjacent pixel variance and cross-correl ation; and
one-di nensi onal semnivariance and co-senivariance. The neasures are
exam ned for their ability to (1) characterize the spatial pattern
of land surface covers, and (2) detect the presence of cloud cover
for flagging of 1-km MOD S pi xel s.

6. BROAD CONTEXT:

A. Understand better the spatial characteristics of |and
covers at nultiple resolutions.

B. Identify candidate algorithns for use in MDD SN
pr ocessi ng.

C. Enhance our ability to process inages for spatial
i nformation by devel opi ng appropri ate software.

D. Provide an MA degree for Panela Cashnan.
7. REQUI REMENTS:

A, Sinmul ated two-band MODI S-N data at 250m and 1km
resol uti ons.

B. Prograns to calculate spatial structure nmeasures in non-
novi ng i mage wi ndows.

8. CGENERAL PLAN:
A. Search literature for rel evant papers.

B. Acquire simulated MODIS-N data for clear and partly cl oudy
scenes from John Barker, GSFC

C. Calculate variograns and sinple statistical neasures (such
as mean and standard deviation) for 16 pi xel groups
(corresponding to 1 1-km pi xel) for each 250-m band.

D. Conpare variograns to spectral reflectance distributions
(in 4x4 wi ndows), searching for patterns and irregularities.

E. Calcul ate cross-correl ati on neasures between the 250-m
bands.

F. Cal cul ate ot her neasures of spatial structure such as
covariograns and correl ograns for both 250-mbands in 4 x 4
wi ndows.



G Exam ne spatial heterogeneity as a function of the
| andscape, and exam ne how spatial neasures are influenced by
partial cloud cover.

H Quantify cloud cover for each 1-km pixel based on 250-m
dat a.

| . Devel op a procedure (conplete with appropriate
al gorithnm(s) and i ndexing systemto quantify spati al
structure and vari ation.
J. Test the procedure on both atnospherically corrected and
uncorrected data to determ ne the inportance of when to apply
the al gorithn{(s).
K. Prepare Thesi s/ publication manuscri pt.
9. PRQJIECT STATUS:. A. largely conplete; B conplete for cloud-free
i mges; C conplete; D conplete; E conplete; F in progress; Gin
progress; K in progress.
10. PRESENTATI ON PUBLI CATI ONS:
A Article in appropriate journal.
B. Panel a Cashman MA t hesi s.
11. SPEC AL PROBLEMS/ COMVENTS:

A. Exami nation of the original TM data has reveal ed few
cl oudy pi xel s.

12. REPCRTI NG PERI OD: Sept enber, 1992.
13. ACCOVPLI SHVENTS:

A. Continued plotting and exam ni ng variograns for various
4x4 W ndows.

B. Exam ned statistical nmeasures (nmean, standard devi ation,
range, correlation between red and NIR, transfornmed
variogram) with raw DN val ues of corresponding 4 x 4 w ndows.

C. Devel oped nethod for representation of spatial information
for final product.

D. Created entire scene inages using various spatial
neasur es.

E. Began witing nethods and results.
F. Modified programto include cal cul ation of co-variograns.

G Further nodified programto cal cul ate correl ograns and



sl ope of the correl ograns.
H. Continued witing nmethods and results.

|. Organi zed spatial and statistical measures into a
hi erarchi cal classification

1. TITLE Evaluation of topographic effect on BRDF
PERSONNEL: Lead: Shunlin Liang.

PROQIECT AFFI LI ATION: MODI S

DATE PREPARED UPDATED: 92-10- 14

o r W N

. BRI EF DESCRI PTION: For 1KM spatial resolution of the MOD S,
nost of pixels will be mxtures of many features. In rugged
regi ons, topography has a significant effect on upwelling
radiance. In this study, the radiation field will be
guantitatively calculated for different randomdistributions of
the sl ope and height at different spatial scal es using physical
optics theory.

6. BROAD CONTEXT:

A. Enhance our understanding of the characteristics of BRDFs.

B. Expl ore BRDF dependence on topography in the context of
MODI S/ M SR ECS i nstrunents.

7. REQUI REMENTS:
A. DEM data for a nountain region

B. Lab neasurenents of upwel ling radi ance or PARABOLA data from
di fferent random roughness surfaces.

C. Running C prograns for simulation and scaling.
8. CGENERAL PLAN:

A. Devel op maski ng/ shadowi ng functions for random rough
sur f aces.

B. Measure upwel ling radiance on | ab conditions.
C. EBEvaluate the nultiple scattering field.

D. Devel op Monte-Carlo or progressive radiosity sinulation
progr ans.



E. Analyze the random di stributions of the slope and hei ght
usi ng DEM

F. Validate with measurenent data and sinul ations.
G Prepare publication manuscripts.
9. PRQJIECT STATUS. A-B conpleted, CGD in progress.
10. PRESENTATI ONS/ PUBLI CATI ONS:
A. Manuscripts for publication.
11. SPECI AL PROBLEMS/ COMMVENTS: No speci al probl ens.
12. REPORTI NG PERI CD: Sept enber, 1992
13. ACCOWPLI SHVENTS: None during period (Started in early June).



