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PRE- LAUNCH TASKS PROPOSED | N OQUR CONTRACT OF DECEMBER 1991

W propose, during the pre-ECS phase to: (1) devel op
with other MODI'S Team Menbers, a neans of discrimnating different
maj or biome types with NDVI and ot her AVHRR- based data. (2)
devel op a sinple ecosystem process nodel for each of these biones,
Bl OVE- BGC based on the logic of the current FOREST-BGC, (3) relate
t he seasonal trend of weekly conposite NDVI to vegetation
phenol ogy and tenperature linmts to develop a satellite defined
grow ng season for vegetation; and (4) define physiologically
based energy to nass conversion factors for carbon and water for
each bi one.

Qur final core at-launch product will be sinplified,
conpletely satellite driven biome specific nodels for ET and PSN
based on this nodified dNDVI |ogic. These algorithnms will be in
MODI SDI S before launch. W will build these bione specific
satellite driven algorithnms using a famly of sinple ecosystem
process nodels as calibration nodels, collectively called Bl OVE-
BGC, and establish coordination with an existing network of
ecol ogi cal study sites in order to test and validate these
products. Field datasets will then be available for both Bl OVE- BGC
devel opnent and testing, use for algorithm devel opments of ot her
MODI S Team Menbers, and ultimately be our first test point for
MDI S | and vegetation products upon |aunch. W will use field
sites fromthe National Science Foundation Long- Term Ecol ogi cal
Research network, and devel op d acier National Park as a major
site for intensive validation

OBJECTI VES:

VW have defined the followi ng near-term objectives for our
MODI S contract based on the | ong term objectives stated above.

- Organi zation of an EGS ground nonitoring network with
collaborating U S. and international science agencies.

- Devel op advanced | ogic for |andcover classification
usi ng carbon cycle sinmulations from Bl OVE- BGC

- Devel op inproved al gorithns for estimating LAl and FPAR
for different bione types from AVHRR dat a.

- Test of a generalized ecosystem process nodel, Bl OVE-
BG&C, for the simulation of the carbon, water and nitrogen cycles
for different biones.

- Inmpl enentation of the d obal Ecol ogical Sinulation
System (GESSys) to estimate continental net primary production
(NPP) and n for the gl obe.

- Finish formal software engineering of our MDD S
products, #14 Leaf Area Index and Fraction Absorbed
Phot osynthetically Active Radiation, and Daily Photosynthesis -
Annual Net Primary Production, #16 and 17.



WORK ACCOVPLI SHED:

Qur MODI'S Team now consi sts of SWRunni ng, Team Menber, R
Nermani , Associ ate Team nmenber, and Joe M dd assy, Software
Engi neer. The following will be reports on individual activities
during this reporting period.

ACTIVITIES OF SWRunni ng - Team Menber, January - July 1995,

ECS- | WG

SWRunni ng was el ected Chair of the ECS Land Panel in
Sept enber 1994. This position requires attendance at all |IW5
nmeetings and all EOS Science Executive Conmttee neetings. SWR
attended ECS- SEC neetings in January 7 and February 28 in Chicago,
May 9-10 in Paris with the ESA executive commttee, and the | W5
nmeeting in Santa Fe, June 27-30.

On May 4, | gave testinobny to a Senate subcommittee
hearing, the followng is key portions of ny testinony:

WR TTEN CONGRESS| ONAL TESTI MONY
by

DR STEVEN W RUNNI NG

DI RECTOR, NUMERI CAL TERRADYNAM CS SI MULATI ON GROUP
SCHOOL OF FORESTRY

UNI VERSI TY OF MONTANA

BEFORE THE
SUBCOW TTEE ON SC ENCE, TECHNOLOGY AND SPACE
SENATE COMM TTEE ON COMMERCE, SC ENCE AND TRANSPCRATI ON

HEARI NG ON THE H GH PERFORMANCE COWPUTI NG
AND COVMUNI CATI ONS PROGRAM

4 MAY, 1995

A trenmendous synergismis evol ving anongst the
technol ogi es of satellite renote sensing, conputing and
t el econmuni cations for Earth sciences and natural resource
managenent. Wien the first Earth Resources Technol ogy Satellites
were |launched in 1972, the optical accuracy of the satellites was
poor and uncali brated, and the conputer power to process the
streamof digital imagery transmtted to Earth was primtive
conpared to todays capabilities. As the suite of Earth Cbserving
Systemsatellites are | aunched beginning in 1998, part of the NASA
M ssion to Planet Earth, an unprecedented array of satellite based
information will becone available. ECS will produce satellite data
covering the gl obe at variable space and tine detail with a
consi stency not now possible. O equal inportance will be the high
preci sion of new ECS data resulting from sophisticated in-flight
calibration of the sensors. The inhanced precision of ECS
satellites will allow accurately measured | and products, !
prototypes of which | will showto
day.



Fortunately, as satellite technology is evolving, conputer
technology is doing |ikew se, so the personal |aptop conmputer |
carry today is probably 1000 times nore powerful than the
uni versity mai nframe conputer we used as graduate students at
Oregon State University in 1972. The 1000GB/ day processing pl anned
by the ECS Data Information System woul d have been absol utely
i npossi bl e 10 years ago.

The final step in exploiting the vast information that
will be collected by ECS is the distribution of that processed
data to users. Distribution of these data to the gl obal -scal e
research community will be fairly straightforward, as those
scientists work at mmjor universities or government research
centers which will be linked by state-of-the-art network

connections. | will show two exanpl es of these global terrestrial
science products that will be available fromthe ECS conputer
network. First will be a map of vegetation productivity useful for

estimating forest, range and crop productivity worl dw de. The
second inmage will be a map of gl obal |andcover change from human
activities. Both of these satellite based products are inportant
in representing the land surface in global clinmate nodels.

However, the utility of ECS and ot her advanced renote
sensi ng products by the larger scientific and resource nmanagenent
conmunity will hinge on their ability to access a regi onal subset
of these global data in a tinmely fashion. In ny denonstration
today, | want to concentrate on the renote sensing based products
that shoul d prove particularly valuable for future natura
resource managenent |F managers and | and owners can receive the
data quickly and easily. | will show sanples of research products
t hat have been devel oped over the last five years in the western
United States, and di scuss how these need to be delivered for
optimal utility.

The single biggest factor in naking these advanced renote
sensi ng products truly useful to managers and | and owners i s near-
real time delivery at low cost, and this is where the "infornmation
super hi ghway" is the critical final conmponent. The best current
exanpl e of near-real tine satellite data use is the nightly
weat her forecasts we all watch on television, distributed by the
Nati onal Wat her Service, derived in part using the NOAA
Geostationary Qperational Environnental Satellites (GOES) data. |
invision a new era of |and nanagenent that can have weekly
satellite data distributed to users in nmuch the sanme way over the
"information superhi ghnay".

Sone of these products are generated by incorporating
t opography, soils, daily weather information, and | andcover maps
integrated with advanced conputer simnulation nodel s of biophysica
and ecol ogi cal processes. The final products give rmuch nore
realistic and quantitative mapping of |and surface activity than
satellite data al one can provide. Here are sone exanpl es:

(1) Drought nonitoring: This inmage shows the change in a Drought

I ndex that was cal cul ated from Spring to the Sumrer of 1990. Both
visible light and tenperature data fromthe NOAA AVHRR

nmet eorol ogi cal satellite are used for this index. This Drought

| ndex coul d be conputed and distributed weekly, but is currently



only a research product devel oped at the University of Montana.
Deci sions on grazing concentration or irrigation timng are
possi bl e uses.

(2) Burning Index: This is a fire danger index map of Okl ahona

t hat i ncorporates topography, ground fuels, daily weather data and
satellite data into a m d-afternoon nmeasure of the risk of
wildfire ignition. This is a propotype for the next generation
National Fire Danger Rating System of the US Forest Service,

devel oped at the Internmountain Fire Sciences Lab in M ssoula, and
could be distributed daily. Mbilization of fire crews depends on
t hese forecasts.

(3) Snow Cover: Accurate nonitoring of spring snowrelt is
essential in the Wstern United States for predicting flood
events, sunmer irrigation supplies, and dam operations for

hydroel ectric power. This image fromthe NWS National Qperationa
Hydrol ogi ¢ Renote Sensing Center in Mnneapolis used NOAA AVHRR
data to map the snow cover change from February 19 to May 1, 1990.
These snowcover maps coul d be distributed bi-weekly via conputer
net wor k.

(4) Water quality: This image, fromthe University of Mntana,
shows water quality of Flathead Lake, in western Montana, on July
16, 1984 as nmeasured by chl orophyl| concentration. Satellite based
water quality nonitoring of freshwater and oceans wi ||l be done
weekly with the new ECS sensors.

(5) WIldlife habitat: This image shows the vegetation cover of the
Seel ey- Swan, a nmountain valley in western Montana, and the
nmount ai n goat habitat of that area. Topographi c and habit at
preference factors are merged with satellite data into this
analysis of wildlife habitat, done at the University of Mntana as
part of the U S Dept. of Interior, Fish and Wldlife Service GAP
anal ysi s program

(6) Forest/Range/ Crop productivity: The seasonal production rate
of crop, range and forest |and can be foll owed by integrating NOAA
AVHRR satellite Greenness Index data with daily surface weat her
data. This image is an exanple, sponsored by the State and done at
the University of Montana, of a systemto cal culate the
productivity of forested | and using satellite data. Decisions on
range cattle allotnments or forest harvesting are exanples of |and
managenent that coul d benefit fromthese data. These Production

| ndi ces coul d be conputed and distributed weekly nationw de.

O course there are many other interesting projects using
satellite imagery in innovative ways el sewhere in the world, such
as mappi ng mal ari a out break potential or grasshopper popul ation
dynam cs in Africa. These exanples highlight activities | am
involved with in the western United States only. Al of the above
products have been devel oped and tested by various research groups
and agencies in the last five years. Al of themcould be used by
| andowners and managers if they could get access to the datasets
quickly with | ow cost conputers and network connections. In each
case the primary remaining hurdle is to provide the networking
that can allowthis information transfer, particularly to rura
agency offices and | andowners.

The Earth Cbserving System programis concentrating on a



Data Information Systemto transmt processed satellite data to
users. The ECS Data Information Systemis a cooperative activity
of NASA, the Dept. of Conmerce (NQAA), the National Science
Foundation, the Dept. of Defense, the Dept. of Interior (USGS),
and the Dept. of Energy. However, the conmputer network facilities
to reach beyond the science community to | and nmanagers in rura
parts of the United States, require nore than ECS program
responsi bility alone. Advances in |and nmanagenent in the western
United States will rely on high speed tel econmuni cations to use
the types of new information shown today. | encourage the

conti nued devl opnment of the "information superhi ghway".

ECS- NSF/ LTER

A joint proposal to NASA and the National Science
Foundati on was conpl eted and submtted Novenber, 15 1994. It is
now under review.

Nati onal Center for Ecol ogical Analysis and Synthesis
SWR was sel ected for the Scientific Advisory Board of the
newl y NSF funded NCEAS. This center can play a significant role in
organi zing terrestrial research data for ECS science as research
priorities are established in the comng year.

d obal Terrestrial Cbserving System (GIos)

SWRunni ng participated in a neeting of the joint d oba
Cimate and 3 obal Terrestrial Coserving System ( GCOS- GTCS)
Terrestrial Cbserving System January 9-11 in Asheville, North
Carol i na.

| GBP Bi ospheric Aspects of the Hydrol ogi c Cycle (BAHC)

SWR attended a workshop in La Thuile, Italy, March
concerned with organi zing a gl obal network of CO2 and H20 fl ux
towers for continuous validation of MODLAND vegetation products.

| SPRA Visit

SWR visited the | SPRA center in Italy, March 12-14 and
presented a paper "Bi ospheric nodeling fromlocal to global scales
usi ng renote sensing."

Pl K NPP Wbr kshop

SWR attended the 2nd wor kshop on gl obal NPP nodel
i nterconparisons at the PotsdamlInstitute for dinmate change in
Pot sdam Germany. This activity is the nost organi zed effort in
the world to determ ne best NPP analysis for validating the
MCDLAND NPP product .

Stanford Sem nar Series
SWR presented a sem nar "How nuch physi ol ogi cal ecol ogy
can we jamin to global nodels, and does it matter?" 19 April

GAP Anal ysi s Project

The GAP analysis project is a US National Biologica
Service funded project to map wildlife habitat in each state using
high resolution satellite imgery. | have contacted the national



GAP of fice about sharing their database with the MODLAND teamto
use as a validation source for our Landcover algorithm Details of
this agreenment are bei ng devel oped.

MEETI NGS ATTENDED ( SWR)

Eur opean Geophysical Society Meting, Hanburg, Gernany.
Apri | 2-7

| GBP- BAHC 1st Sci ence Meeting, and Science Steering
Conmi ttee neeting, Hanburg Gernmany, April 8-9

MODI S Sci ence Team Meeting, May 1995

ECS- 1 W5 Meeting, Santa Fe June 1995

Ecol ogi cal Society of America annual Meeting, August 1995,
Snowbi rd, Ut ah

PUBLI CATI ONS ( SWR)

Running, S W, T.R Loveland, L.L. Pierce, & E R Hunt,
Jr. 1995. A renote sensing based vegetation classification |ogic
for global |and cover analysis. Renote Sensing of Environment
51: 39-48.

Ni el son, R P. and S. WRunning. 1995. d obal dynam c
veget ati on nodel i ng: coupling bi ogeochem stry and bi ogeogr aphy
nodel s. d obal Bi ogeochem cal Cycles (in press)

Krenmer, R G, EE R Hunt, Jr., S. W Running, and J. C
Coughl an. 1995. Simul ating vegetational and hydrol ogi c responses
to natural climtic variation and GCMpredicted climatic change in
a sem-arid ecosystemin Washington, U S. A Journal of Arid
Envi ronnments (in press).

ACTIVMITIES OF R Nemani, Assoc Team Menber, January - July 1995

OBJECTI VES

M/ objectives were to 1) refine the inplenentation details
on the LAl and FPAR products, 2) continue devel opnment and testing
of our |and cover classification |ogic.

Wor k Acconpl i shed

LAl / FPAR  Products

Significant inprovenents in the inplenentation details of
t he LA/ FPAR product have been nade over the | ast six nonths.
Using Myneni's 3-D RT nodel, we have identified key canopy
structural variables controlling canopy refl ectance. Table 1 shows
the key variables and their association to different biones. The
six biones fromthis analysis, shown in Figure 1, are very
simlar to the ones fromour earlier classification |ogic.

The RT nodel has been nodified for each biome to reflect
the influence of the key structural variables in that biome. The
bi ome-speci fic RT nodels will be used to produce LAI/FPAR
relations fromMXD S refl ectances.

W started a sensitivity analysis of LAI/FPAR products to
various input variables. The signal to noise ratios (figures 2 and



3) are inportant to determ ne the accuracy of retrieved LA/ FPAR
products from MDD S refl ectances.

Land cover classification

To be conpatible with our FPAR/ LAl al gorithm we have been
wor ki ng on produci ng an i n-house | and cover product with six
bi omes. Prelimnary results from Pat hfi nder data show encouragi ng
results (figure 1).

Meet i ngs Attended
Anerican Meteorol ogical. Society, dobal change studies, Dall as,
TX, Jan 15-20, 1995.

MCDI S Sci ence Team neeting, May 4-6
MCDLAND neeting, Boston, July 24-27, 1995

Publ i cati ons

Nemani, R R, SSW Running, R Pielke. 1995. d oba
veget ati on cover changes from coarse resolution satellite data.
Journal of CGeophysical Research- At nosphere (in press).

Nemani, R R, S.W Running. 1995. d obal vegetation cover
changes and their inpact on climate. dimatic Change (in press).

Nemani, R R, S W Running. 1995. Land cover
characterization using nulti-tenporal red, nir and thermal-ir data
from NOAA/ AVHRR. Ecol ogi cal Applications (in press).

Nemani, R R, S W Running. 1995. Inplenentation of a
hi erarchi cal vegetation classification in biospheric nodels.
Journal of Vegetation Science (in press).

Chase, T.N., R Pielke, T. Kittel and R Nemani. 1995. The
sensitivity of a general circulation nodel to gl obal changes in
| eaf area index. Journal of Geophysical Research-Atnmosphere (in
press).

Nemani, R R E R Hunt, S Running, L. Pierce, S. Piper and
C. Keeling. 1995. Influence of global |and cover changes on
bi ospheric processes. Proc. of the 6th synposi um on gl obal change
studi es, AVS, Boston. pg 224-226.

Present ati ons

I nfl uence of global |and cover changes on bi ospheric
processes at the 6th synposi umon gl obal change studies, Dallas,
TX, Jan 15-20.

d obal land cover classification fromrenote sensing data.
Joint Research Center, Ispra, Italy, March 13, 1995.

Land surface products from ECS/ MODI'S, National Renote
Sensi ng Agency, Hyderabad, India, May 29, 1995.



Estinmati on of LAI/FPAR from MODI S refl ect ances,
ECS/ MODLAND neeting, Boston, July 24-27, 1995.

On-going Activities

LAl and FPAR Products

The 3-D RT code is being re-witten to optim ze the
conput er resources as the LUT generation requires a |arge nunber
of simulations. This is being done with Dr. Ranga Myeneni from
NASA Goddard Space Flight Center. W will generate LUTs for all
six biones and then start a full scale sensitivity anal ysis of
LAl / FPAR products to various conbi nati ons of input paraneters. The
sensitivity analysis will also determne the size of our LUTs for
vari ous bi ones.

Land cover classification

The generality of our logic is being tested with AVHRR
Pat hfi nder data col |l ected over several years. In addition to
refl ectance and surface tenperature data, we plan to explore the
use of long-termclinmate and soils data to i nprove the
cl assification accuracies.

ACTIMITIES OF J. Mdassy, MDD S Software Engi neer: January -
July, 1995

GBJECTI VES

M/ principal objectives during this tine period were to 1)
produce and deliver prototype al gorithmsoftware codes for the
MOD15 FPAR, LAl algorithm 2) refine our PSN, NPP al gorithm
i npl enention |logic, working toward a Beta-3 delivery of the PSN,
NPP codes as soon as they are in stable condition. Q her
objectives are to continue to evolve our |ocal University of
Mont ana MODI'S SCF Conpute Facility Plan, with provisions for
t aki ng advant age of new UM network technol ogy (e.g. FDD based
Cat al yst 5000C swi tched hubs with future ATM expansion), and
i npl enentating the new SCF MODI S Conput e R ng hardware.

WORK ACCOWPLI SHED
MDI S UM SCF Conpute Ring Infrastructure

An inportant centerpiece of the UM SCF MODI S Conpute Ring
infrastructure was acquired and deployed in this period: a high
performance | BM RS/ 6000 Model 59H server. This server
conceptually sits at the center of the conpute ring, and wl |
probably be augnented at a |ater point with a | BM Model J30 SMP or
equi valent. Current |IBM workstations on the conpute ring include
the 59H with 256MB nenory and 20G of disk, a Mddel 41T with 256MB
of menory and 11G of di sk, and a Mbddel 370 with 96MB of nenory and



14G of di sk. To acconodate the integrity of the increased disk
| oads, we now have on order an Exabyte EXE-440 40 cartridge, twn
head 8 mm tape jukebox with Legato software.

During this tinme period, the NASA ECS SDP Tool kit v. 4.0
build was perforned on the SCF hardware, and a test build of the
SDST MODI S APl (M API) for Level 2 support was al so conduct ed.
Ofline I1/Oefficiency testing of the native NCSA HDF access
functions was al so begun.

FPAR/ LAl Pr oduct

A revi sed MOD15 FPAR, LAl ATBD was delivered to both the
MODARCH docunent archive facility and the SPSO facility during
this period, and the acconpanyi ng FPAR, LAl Al gorithm
| npl erentation Plan (AlP) was updated to reflect ATBD changes.
Data flow diagrans were refined for this product (see attached),
and a pre Beta-3 delivery of working FPAR LAl al gorithm software
was nmade to the nodi s-xl.gsfc.nasa.gov host, SDST configuration
manager. This prototype code delivery consisted of version 0.96
MODI S- Uni v. Mont ana (MUM) application programm ng interface codes
(4451 lines of ANSI C code), and the prototype FPAR LAl client
al gorithm codes (2605 lines of ANSI C code), with Makefiles and
approxi mately 237 MB of test data, including a 64MB six bione
prot ot ype | ookup tabl e.

PSN NPP Pr oduct

The revised MOD17 PSN, NPP ATBD document was delivered to
bot h MODARCH docunent archive facility and the SPSO facility
during this period. Wrking with Rama Nemani and new | ab nmenber
Gl i na Churkina, we further refined our PSN, NPP i npl ementation
logic to use NMC derived daily surface clinmatol ogy data to be
suppl i ed by the NASA GSFC Data Assimlation Ofice (DAO. W also
revised our epsilon (light efficiency index) calcul ation approach
to conpute epsilons in real tinme driven froma bione properties
| ookup table (BPLUT) rather than draw these from a pre-conputed
epsi | on | ookup tabl e.

MEETI NGS ATTENDED
MODI S Sci ence Team Meeting, May 4-6, 1995

MCDLAND Goddard wor kshop in April, 1995,
MCDLAND Bost on wor kshop on July 24-27, 1995.

PRESENTATI ONS

Presentations detailing our current algorithm
i npl enent ati on approach and status were made at both the April,
1995 MODLAND CGoddard wor kshop as well as the July, 1995 MODLAND



Bost on wor kshop

ON GO NG ACTI VI TI ES
MZDI S UM SCF Conmpute Ring Infrastructure

Activities involving University of Montana SCF network
connections with the ERCS Data Center Land DAAC in Sout h Dakota
are expected to increase in inportance over the next period. The
availability and timng of the DCE network | ayer between our SCF
and the ERCS DAAC remai n outstanding issues to resolve, as are
firmer estinates of realtine QA traffic between these sites.
Locally, the University of Montana is now in the process of
i ncreasi ng our network technology to eventually inplenment the
MODI S SCF Conmpute Ring as a high perfornmance FDDI based subnet,
with an evolving plan to use 10MB sw tched hubs, to 100MB swi t ched
hubs, to eventually using ATM The next planned additions to the
conpute ring are several dedicated 41T cl ass conpute workstations
for asyncronous parallel processing of FPAR LAl |ookup tables by
bi ome and end-to-end algorithmtesting.

LAl and FPAR Products

Activities over the next period will involve inplenenting
the next full generation of LA, FPAR algorithmlogic which
requires a two-stage LUT probe. Qur original approach used a
singl e LUT probe per output pixel, whereas the new refined
approach will run an initial probe to |ocate a LUT region matching
the original (8) conpound keys, followed by a second stage probe
to performa goal seek for mninumroot nean squared error (RVBE)
anong the set of plant LAI's nodel ed by the Myneni radiative
transfer (RT) nodel. W wll also be producing full six bione
| ookup tables, and testing themusing a variety of sensitivity
analyses. During this time we will evolve our reflectance test
data source fromthe gl obal NASA Pat hfi nder AVHRR to si mul at ed
MODI S i nstrument reflectances as they becone avail abl e over |arger
regi ons.

PSN and NPP Products

Prototype Beta-3 PSN and NPP products are slated to be
del i vered by 30 Septenber, 1995, so efforts will be nmade to
finalize the inplenentation of these codes by that tineframe. W
will use synthetic daily surface climatol ogy data to performtria
end-to-end tests of these codes during this period, eventually
evol ving fromuse of FPAR LAl products generated using 8 KM
resol uti on NASA Pat hfi nder dataset to sinulated MO S instrunent
data sets.



Tabl e 1. Land cover classification based on radiative transfer
theory. Inportant canopy structural variables are identified in
each biome that control canopy reflectance. W believe bione
classification based on this approach woul d be useful and
conpatible, for extracting surface biophysical paraneters such as
LAl and FPAR

Figure 2. global |and cover classes derived from AVHRR pat hfi nder
data using tenporal observations of red, nir and thermal -ir
observati ons.

Figure 3: Sensitivity of LAl estinmates to soil background.

| nportance of soil properties at |ow vegetation densities is
clearly evident for grass canopies. d/dL is the signal due to LA,
and d/dws is noise due to soils.

Figure 4: Sensitivity of FPAR to soil background. FPAR is not as
sensitive as LAl to background soil properties over grass
canopies. d/dL is the signal due to LA, and d/dws is noise due to
soi |l s.



