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Fractal dimension is a measure of image complex-
ity, which ranges from 2.0 for a perfectly uniform image
to approximately 3.0 for a rough texture with adjacent
bright and dark areas. The Morans I index of spatial
autocorrelation is a measure of the degree to which a
spatial pattern is clumped, random, or dispersed, and
ranges from negative 1.0, to zero, to positive 1.0, re-
spectively. When measured in overlapping and non-
overlapping subsets of a remotely sensed image, these
metrics provide both a means for content-based image
segmentation and edge detection.

The problem of characterizing the spatial extent of
urban development was used as an example of the util-
ity of local measures of Morans I and fractal dimen-
sion in both a single-band image segmentation context
and as an additional layer for spectral/spatial image
classification. Landsat Thematic Mapper imagery from
1990 and Enhanced Thematic Mapper images from 2000
were combined with data from the last two decennial
Censuses to benchmark these indices. In this exam-
ple, Morans I, and to a lesser extent, local fractal di-
mension measures were significantly correlated to data
on new housing starts, population growth, and density
of the transportation network. Outliers from a regres-
sion of Morans I or fractal dimension values obtained
for quarter-quadrangle (approximately 3.75 degrees lat-
itude and longitude) segments of the original Landsat
scenes obtained in 1990 and 2000 in most cases high-
lighted areas undergoing development or construction
activities that were much greater than the regional av-
erage.
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Our approach to automated computation analysis of

Earth Sciences data is aimed at improving predictions
of global biosphere properties such as net primary pro-
duction (NPP) and surface hydrologic fluxes. Our main
research objective has been to identify the best ocean
climate indices (OCIs) to use for land biosphere pre-
dictions over the past 20 to 40 years, and presumably
into the future. Well-known OCIs, such as the South-
ern Oscillation Index (SOI) or the Arctic Oscillation

(AO) index, are single time series that represent the
dynamics of surface temperature or pressure over large
areas of the Earth’s oceans. Results from our auto-
mated analysis suggest that, on a global level, OCIs can
be highly correlated to NPP and predicted ecosystem
carbon fluxes over more than 58 percent of the non-
desert/ice covered land surface, commonly with a lead
period of 2-6 months. SOI and AO equally explain the
largest portions of these highly correlated area fluxes.
To improve future biosphere predictions, we have de-
veloped methods based on cluster analysis for efficient
automated discovery of previously undetected OCI ar-
eas. The centroids of these ocean clusters have the po-
tential to summarize the global temporal dynamics of
large ocean-land teleconnections for biosphere surface
climate better than any known OCIs, including SOI and
AO.

URL: http://www.ahpcrc.umn.edu/nasa-umn/
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Satellite remote sensing typically measures reflected

radiation in a number of spectral bands. From these
measurements a large number of data products are pro-
duced. For example, the MODIS web site lists over 30
data products that are derived from the MODIS obser-
vations and ancillary data. These data products are
then used as inputs to various ecological modeling sys-
tems.

It is germane to study the uncertainties in the esti-
mates derived from the satellite observations, and their
sources, as these uncertainties will affect the precision
of the outputs of any ecological model using them as
inputs. Knowledge of the sources of uncertainty may
point to ways to reduce them.

We look in detail at the derivation of Leaf Area
Index (LAI) and Available Water Capacity (AWC)
from AVIRIS Normalized Difference Vegetation Index
(NDVI) data. We attempt to trace back the origins of
the relationships used to estimate LAI from NDVI, and
to determine the uncertainty in each step. These un-
certainties can be combined to give an estimate of the
uncertainty in the final data product.
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Mutual information as the asymptotic Bayesian

measure of independence is an excellent starting point
for investigating the existence of possible relationships
among climate-relevant variables in large data sets. As
mutual information is a nonlinear function of its argu-
ments, it is not beholden to the assumption of a lin-
ear relationship between the variables in question and
can reveal features missed in linear correlation analy-
ses. However, as mutual information is symmetric in its
arguments, it only has the ability to reveal the prob-
ability that two variables are related. It provides no
information as to how they are related; specifically,
causal interactions or a relation based on a common
cause cannot be detected. For this reason we also inves-
tigate the utility of a related quantity called the trans-
fer entropy. The transfer entropy can be written as
a difference between mutual informations and has the
capability to reveal whether and how the variables are
causally related. The application of these information
theoretic measures is tested on some familiar examples
using data from the International Satellite Cloud Cli-
matology Project (ISCCP) to identify relations between
global cloud cover and other variables, including equa-
torial pacific sea surface temperature (SST), over sea-
sonal and El Nino Southern Oscillation (ENSO) cycles.
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Maps representing geo- and bio-physical variables
result from many Earth science models. The models
may generate probability distributions at each location
describing the full range of possible values. Alterna-
tively, the models may generate multiple possible re-
alizations from which probability densities may be es-
timated. These distributions are a rich description of
uncertainty about the variables predicted by a model.
Much in the same way confidence intervals are reported
for non-spatial variables, there is a need to report dis-
tributions to completely represent model output.

Visualization methods exist for handling scalar, vec-
tor, tensor, or multivariate fields. However, if the data
consist of distributions, the available options are quite
limited. One way to handle this problem is to use
scalar fields based on meaningful summaries of the dis-
tributions on a per grid-cell (or per-pixel) basis. For
distributions that are parametric, summaries such as
the mean and variance may provide complete descrip-
tion. For nonparametric distributions, statistics such
as the median, inter-quartile range, kurtosis and skew-
ness provide a useful, but not complete, description.
Other useful summary information for nonparametric
distributions include the number of peaks or modes.
We present a tool that presents several summaries si-
multaneously in the form of colored maps, deformed
surfaces, and line glyphs. We have also experimented
with providing a probe for selecting pixels or profiles
(row or column) for a graphical or shaded-surface dis-
play of the complete distribution(s).

In addition to pixel-wise distributions, information
on uncertainty may be needed on a feature-wise basis.
A feature, or multiple-pixel region, is often of greater
interest than a single pixel. The area of the feature
may change across realizations, implying an area distri-
bution. Distributions for the area of each feature may
also be summarized and/or more completely rendered.

Our exploratory tools for both pixel-wise and
feature-wise uncertainty visualization have been devel-
oped on two small data sets, one representing spa-
tial prediction (retrieval) of a variable using remotely
sensed spectral information and conditional simulation,
the other representing an ocean shelfbreak front simula-
tion using error subspace statistical estimation (ESSE).

URL: http://www.cse.ucsc.edu/research/avis/nasa is
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NASA’s growth in remote sensing data volumes has
kept pace with Moore’s Law, i.e., doubling every 18
months, with future growth likely from new instru-
ments. Also, advances in instrumental design (e.g.,
hyperspectral scanners) and science algorithms are en-
abling more near-real-time applications of the data.
The confluence of low-latency requirements with high
data volumes and numbers of files poses major chal-
lenges for archive data management. In order to make
the right data available at the right time, an archive
will need to apply knowledge of the data content in
its data management decisions. This decision support
domain includes aspects such as automatic quality as-
sessment, feature detection to support caching deci-
sions, and content-based metadata to support efficient
data selection. In this study, we evaluate a variety of
machine learning algorithms for use in several decision
support roles in intelligent data management.
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Machine learning algorithms such as neural net-
works and clustering have been used for decision sup-
port in business and policy domains. These techniques
have found some use in remote sensing, e.g., for cloud
and land cover classification. Yet most research on re-
mote sensing data rests on science-based algorithms,
such as those based on radiative transfer equations.
Machine learning for scientific applications faces chal-
lenges such as discretization constraints, non-physical
basis, and the difficulty of assembling training sets.
However, these difficulties may be less significant in
the decision support role. For instance, it is often
enough to know whether a data attribute exceeds a
certain threshold when selecting it for an application,
without knowing the exact value. The training data
problem can be surmounted by using products output
by the science-based algorithms. On the other hand,
an advantage of machine learning algorithms for deci-
sion support is their speed once they have been trained.
Data management decisions must be made while the
”fresh” data are still on disk, and in time to service
near-real-time applications, i.e., within a few hours or
even minutes. The difficulties and advantages of ma-
chine learning algorithms are examined for their utility
in decisions regarding data quality assessment, feature-
based caching strategies and content-based data selec-
tion.
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Satellite data are widely used in land surface mod-
els to compute carbon and water exchange processes.
However, much of this work is retrospective in nature.
To better represent current land surface conditions in
weather/climate models or to provide timely informa-
tion on ecosystem conditions for natural resource man-
agement, one must move from retrospective to real-time
analysis. A number of recent advances allow us to de-
velop a system that would allow such real-time assimi-
lation. These include consistent and timely availability
of land surface products from EOS/MODIS, and on-line
availability of weather data from a number of surface
weather stations. We have developed a data assim-
ilation system, terrestrial observation and prediction
system, that integrates satellite data, surface weather
observations and weather/climate forecasts with a ter-
restrial ecosystem model. TOPS produces daily 1km
estimates of carbon and water fluxes using MODIS
derived LAI, land cover and gridded meteorological
data created using over 2000 surface weather stations
over the conterminous U.S. Daily outputs are expressed
as anomalies from historical normals that were com-
puted using 20 years (1982-2001) of satellite and sur-
face weather data. TOPS is also capable of using
short/mid-term weather/climate forecasts to produce
forecasts of land surface conditions (snow pack, run off,
soil moisture and primary production) that are useful
in resource management.
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The San Francisco Bay Delta is a large hydrody-
namic complex that incorporates the Sacramento and
San Joaquin Estuaries, the Suisan Marsh, and the San
Francisco Bay proper. Competition exists for the use of
this extensive water system both from the fisheries in-
dustry, the agricultural industry, and from the marine
and estuarine animal species within the Delta. As tidal
fluctuations occur, more saline water pushes upstream
allowing fish to migrate beyond the Suisan Marsh for
breeding and habitat occupation. However, the agricul-
ture industry does not want extensive salinity intrusion
to impact water quality for human and plant consump-
tion. The balance is regulated by pumping stations lo-
cated along the estuaries and reservoirs whereby flush-
ing of fresh water keeps the saline intrusion at bay. The
pumping schedule is driven by data collected at various
locations within the Bay Delta and by numerical mod-
els that predict the salinity intrusion as part of a larger
model of the system. The Interagency Ecological Pro-
gram (IEP) for the San Francisco Bay / Sacramento-
San Joaquin Estuary collects, monitors, and archives
the data, and the Department of Water Resources pro-
vides a numerical model simulation (DSM2) from which
predictions are made that drive the pumping schedule.
A problem with DSM2 is that the numerical simula-
tion takes roughly 16 hours to complete a prediction.
We have created a neural net, optimized with a genetic
algorithm, that takes as input the archived data from
multiple gauging stations and predicts stage, salinity,
and flow at the Carquinez Straits (at the downstream
end of the Suisan Marsh). This model seems to be ro-
bust in its predictions and operates much faster than
the current numerical DSM2 model. Because the Bay-
Delta is strongly tidally driven, we used both Principal
Component Analysis and Fast Fourier Transforms to
discover dominant features within the IEP data. We
then filtered out the dominant tidal forcing to discover
non-primary tidal effects, and used this to enhance the
neural network by mapping input-output relationships
in a more efficient manner. Furthermore, the neural
network implicitly incorporates both the hydrodynamic
and water quality models into a single predictive sys-
tem. Although our model has not yet been enhanced
to demonstrate improve pumping schedules, it has the
possibility to support better decision-making proce-
dures that may then be implemented by State agencies
if desired. Our intention is now to use our calibrated
Bay-Delta neural model in the smaller Elkhorn Slough
complex near Monterey Bay where no such hydrody-
namic model currently exists. At the Elkhorn Slough,
we are fusing the neural net model of tidally-driven flow
with in situ flow data and airborne and satellite remote
sensing data. These further constrain the behavior of
the model in predicting the longer-term health and fu-
ture of this vital estuary. In particular, we are using
visible data to explore the effects of the sediment plume
that wastes into Monterey Bay, and infrared data and
thermal emissivities to characterize the plant habitat
along the margins of the Slough as salinity intrusion
and sediment removal change the boundary of the es-
tuary. The details of the Bay-Delta neural net model
and its application to the Elkhorn Slough are presented
in this paper.
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Deductive inference is applied to choreograph the
cooperation of multiple knowledge sources to respond
to geospatial queries. When no one source can pro-
vide an answer, the response may be deduced from
pieces of the answer provided by many sources. Ex-
amples of sources include (1) The Alexandria Digital
Library Gazetteer, a repository that gives the locations
for almost six million place names, (2) The Cia World
Factbook, an online almanac with basic information
about more than 200 countries. (3) The SRI TerraV-
ision 3D Terrain Visualization System, which displays
a flight-simulator-like interactive display of geographic
data held in a database, (4) The NASA GDACC We-
bGIS client for searching satellite and other geographic
data available through OpenGIS Consortium (OGC)
Web Map Servers, and (5) The Northern Arizona Uni-
versity Latitude/Longitude Distance Calculator.

Queries are phrased in English and are translated
into logical theorems by the Gemini Natural Language
Parser. The theorems are proved by SNARK, a first-
order-logic theorem prover, in the context of an ax-
iomatic geospatial theory. The theory embodies a rep-
resentational scheme that takes into account the fact
that the same place may have many names, and the
same name may refer to many places. SNARK has
built-in procedures (RCC8 and the Allen calculus, re-
spectively) for reasoning about spatial and temporal
concepts. External knowledge sources may be con-
sulted by SNARK as the proof is in progress, so that
most knowledge need not be stored axiomatically. The
Open Agent Architecture (OAA) facilitates communi-
cation between sources that may be implemented on
different machines in different computer languages. An
answer to the query, in the form of text or an im-
age, is extracted from the proof. Currently, three-
dimensional images are displayed by TerraVision but
other displays are possible. The combined system is
called Geo-Logica. Some example queries that can be
handled by Geo-Logica include: (1) show the petri-
fied forests in Oregon north of Portland, (2) show the
lake in Argentina with the highest elevation, and (3)
Show the IGPB land cover classification, derived using
MODIS, of Montana for July, 2000.

Use of a theorem prover allows sources to cooperate
even if they adapt different notational conventions and
representation schemes and have never been designed
to work together. New sources can be added without
reprogramming the system, by providing axioms that
advertise their capabilities. Future directions include
entering into a dialogue with the user to clarify am-
biguities, elaborate on previous questions, or provide
new information necessary to answer the question. In
addition, of particular interest is to deal with tempo-
rally varying data, with answers displayed as animated
images.

URL: http://www.ai.sri.com/project/
ComposeMultipleSources
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Raw data is useful only when it is transformed into
knowledge or useful information. This involves data
analysis and transformation to extract interesting pat-
terns and correlations among the problem variables.
The advent of large distributed environments in both
scientific and commercial domains introduces a new di-
mension to this process — a large number of distributed
sources of data that can be used for discovering knowl-
edge. Cost of data communication between the dis-
tributed databases is a significant factor in an increas-
ingly mobile and connected world with a large number
of distributed data sources. This cost consists of sev-
eral components like (a) Limited network bandwidth,
(b) data security, and (c) existing organizational struc-
ture of the applications environment. The field of Dis-
tributed Knowledge Discovery and Data Mining (DDM)
studies algorithms, systems, and human-computer in-
teraction issues for knowledge discovery applications in
distributed environments for minimizing this cost.

In this work, we consider a Bayesian network (BN)
model to represent uncertain (probabilistic) knowl-
edge. We consider a collective approach to learning a
Bayesian network from distributed heterogenous data.
In this approach, we first learn a local Bayesian net-
work at each site using the local data. Then each site
identifies the observations that are most likely to be
evidence of coupling between local and non-local vari-
ables and transmits a subset of these observations to
a central site. Another Bayesian network is learnt at
the central site using the data transmitted from the lo-
cal site. The local and central Bayesian networks are
combined to obtain a collective Bayesian network, that
models the entire data. Theoretical justification that
demonstrate the feasibility of our approach have pre-
sented elsewhere.

In the present work, we have applied our distributed
BN learning algorithm to some earth science data.
Specifically, our experiments use data from two dis-
tributed sources: NASA DAO data and NOAA SAA
data. The NASA DAO data is a subset of the Data
Assimilation Office’s (DAO) monthly mean data set.
It has global spatial coverage and a temporal cover-
age ranging from March 1980 to November 1993. The
NOAA SAA data is a product of NOAA and US depart-
ment of defense (DOD) US Polar-orbiting environment
satellites (POES). Seventeen features from NASA DAO
and eight features from NOAA SAA data was used in
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our experiments. A Bayesian network (BN) model was
first contructed from the two datasets combined. This
BN, referred to as the centralized BN, served as the
ground truth for comparing the performance of our col-
lective BN learning algorithm. Our preliminary exper-
iments reveal a number of interesting trends. Correla-
tions between specific DAO and NOAA data features
are evident. Specific features are consistently observed
as root nodes in the BN, suggesting that these features
could possibly be the “cause” for certain phenomenon.
Seasonal trends in the data reflect appropriate seasonal
changes in the BN model.

URL: http://www.csee.umbc.edu/∼hillol
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The objective of this research is to develop KDD
(knowledge discovery in databases) techniques for
spatio-temporal geo-data, and use these techniques to
examine seasonal and inter-annual vegetation health
signals. The underlying hypothesis of the research is
that the signatures of inter-annual variability of cli-
mate on vegetation dynamics as represented by the sta-
tistical descriptors of vegetation index variations de-
pend upon a variety of attributes related to the climate,
physiography, topography, and hydrology. Several sci-
entific questions related to the identification and char-
acterization of the inter-annual variability ensue as a
consequence of this hypothesis. Various vegetation in-
dices will be enlisted to represent vegetation health,
such as NDVI (normalized difference vegetation index),
EVI (enhanced vegetation index), LAI (leaf area in-
dex), FPAR (fraction of photosynthetically active ra-
diation), PSN (photosynthesis), and NPP (net primary
product). Relationships between these indices and to-
pography and its derivatives (slope, aspect, etc.), near-
ness to water bodies, precipitation, temperature, etc.
will be analyzed.

Preliminary investigations were performed using 13
years of 1 km resolution NDVI data from the AVHRR
instrument on NOAA’s POES (polar-orbiting opera-
tional environmental satellite). Deviations from the 13-
year average were utilized in order to identify anoma-
lous behavior. The pilot KDD technique includes
distance-based clustering algorithms and Apriori as-
sociation rule algorithms adapted for spatial-temporal
data. Future work will incorporate more complex algo-
rithms such as density-based clustering and constraint-
based association mining algorithms.
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Meaningful classification of spectral data is an im-
portant first step in mineralogical analysis of terres-
trial and planetary surfaces. The large data sets being
gathered (Tbytes) can not be manually evaluated in a
timely, efficient manner. This suggests automated clas-
sification and interpretative processing must be devel-
oped and applied.

Spectral libraries, databases of simulated or experi-
mental spectra, play a crucial role in the identification
of remotely obtained spectral data. At infrared wave-
lengths, linear mixing models are widely used to as-
certain the principle mineral components contained in
an unknown sample. An exhaustive search for spectral
library candidates epresenting these components for a
large database of samples is very CPU intensive, espe-
cially as the number of required components grows. A
method to reduce the set of candidates in a linear mix-
ing analysis would greatly improve the efficiency of the
identification process. Classifications related to chem-
ical and structural properties which are manifested in
spectral features can be useful in this regard.

We have developed a scheme based upon self-
organizing maps (SOM) that organizes spectra in an
unsupervised fashion into a 2-D map. This scheme was
applied to the Arizona State University (ASU) ther-
mal emission mineral spectral library and separated
the samples into clusters that relate to distinct chem-
ical and structural groups. Three hierarchical levels
of distinction arise from the SOM classification; min-
eral class (e.g. silicates vs. oxides), mineral subclass
(e.g. inosilicates vs. nesosilicates) and mineral group

(e.g. pyroxenes vs. amphiboles). In addition, we in-
vestigated spectral mixing such as occurs in natural
samples. An ’unknown’ spectrum, constructed from a
linear mix of ASU library spectra, is ’classified’ by lo-
cating it in the 2-D SOM map. Through an iterative
process the end members composing the unknown mix-
ture were recovered by evaluating the members of the
library that were closest in proximity to the unknown
on the 2-D SOM map. We will show our SOM classifi-
cations of the ASU library and illustrate, with several
mixture examples, how the SOM map is used to zero in
on library end members.
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The NASA New Millennium Program (NMP) is a
testbed for new, high-risk technologies, including new
software and hardware. The Autonomous Sciencecraft
Experiment (ASE) will fly on the Air Force Research
Laboratory TechSat-21 mission in 2006 is such a NMP
mission, and is managed by the Jet Propulsion Labo-
ratory, California Institute of Technology. TechSat-21
consists of three satellites, each equipped with X-band
Synthetic Aperture Radar (SAR) that will occupy a 13-
day repeat track Earth orbit. The main science objec-
tives of ASE are to demonstrate that process-related
change detection and feature identification can be con-
ducted autonomously during space flight, leading to au-
tonomous onboard retargeting of the spacecraft. This
mission will observe transient geological and environ-
mental processes using SAR. Examples of geologic pro-
cesses that may be observed and investigated include
active volcanism, the movement of sand dunes and
transient features in desert environments, water flood-
ing, and the formation and break-up of lake ice. Science
software onboard the spacecraft will allow autonomous
processing and formation of SAR images and extraction
of scientific information. The subsequent analyses, per-
formed on images formed onboard from the SAR data,
will include feature identification using scalable feature
”templates” for each target, change detection through
comparison of current and archived images, and sci-
ence discovery, a search for other features of interest
in each image. This approach results in obtaining the
same science return for a reduced amount of resource
use (such as downlink) when compared to that from a
mission operating without ASE technology. Redundant
data is discarded. The science-driven goals of ASE will
evolve during the ASE mission through onboard replan-
ning software that can re-task satellite operations. If
necessary, as a result of a discovery made autonomously
by onboard science processing, existing observation se-
quences will be pre-empted to obtain data of potential
high scientific content.
Flight validation of this software will enable radically
different missions with significant onboard decision-
making and novel science concepts (onboard decision
making and selective data return).
This work has been carried out at the Jet Propulsion
Laboratory-California Institute of Technology, under
contract to NASA.

URL: http://ase.jpl.nasa.gov
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An Interoperable Framework for Mining and Analy-

sis of Space Science Data (F-MASS) is currently being
created by an interdisciplinary team composed of infor-
mation technology and space science researchers. In-
formation technology researchers on the F-MASS team
are working with space scientists to adapt the inno-
vative Algorithm Development and Mining system to
provide a comprehensive framework for space science
data investigations. The research will focus on prob-
lems such as the handling of the large datasets inher-
ent in the space science communities, the heterogene-
ity of these data, and the incorporation of specialized
data mining algorithms and domain-specific user inter-
faces into the framework. A set of three case studies
has been selected to drive this effort. The first case
study being researched is identification of polar cap
boundaries. The polar cap boundary is an important
parameter that determines how much energy is stored
in the magnetotail. The stored energy is sporadically
released, leading to the formation of strong geomag-
netic disturbances, so-called substorms, which are asso-
ciated with strong ionospheric currents in high-latitude
ionosphere and auroras. Spacecraft UV auroral images
are being analyzed using different heuristic and min-
ing algorithms for 2-D patterns of auroras. One of the
difficulties in developing such algorithms is the uneven
and dynamic form of the polar cap boundary. Initial
results from this case study will be presented.
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The MODIS Land team (MODLAND) is producing
a suite of global land products whose uncertainty will
be estimated through validation activities. The MODIS
Land team will base its validation work on the compar-
ison of its products to similar products derived from
independent sources. The independent products are
derived by combining in situ (field and tower) data
with imagery from airborne and spaceborne sensors.
In many cases the imagery and airborne data can be
used to validate more than one product. With this, the
EOS Land Validation Core Sites have been established.
These sites provide easy access to multi-scale imagery
as well as field and tower measurements. The poster
will present the data available for the Core sites and the
web-based infrastructure to access these data. It will


