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1 ABSTRACT

To address the environmentd and economic chalenges
of the 21" century it is incumbent upon the globa
community to evolve and sudtain a globad observetion
network. These observations serve as the foundation for
the models that are used to describe Earth processes and
can be used to predict the effect of different forcings on
the planet (naturd and anthropogenic). As this
observetiond data accumulates in globd archives new
opportunities  become  avaldble for  knowledge
discovery aout the Eath system. However, access to
these observational data is optimized for the science
teams for whom the ingruments were launched and
access by operational users may be problematic.  Also,
sensor fuson and data mining adgorithms are generdly
not conddered as necessary exploration modes of the
archives. This paper will address the need for globd
obsarvations from a variety of vantage points, some
descriptions of globad  observation  archives within  the
United States, recommendations for better access to
imege achives to fadlitae image mining, and the
reearch agenda for data archiving and digribution
systems being deveoped by the IEEE Geoscience and
Remote Sensing Society.

2 NEED FOR GLOBAL OBSRRVATIONS

In ealy Mach 2004, the U.S. Census Bureau's
POPClock (population clock)
(www.census.gov/mai nfwwwi/popcl ock.html) estimated
the US population a 292,726,343 and the world's
population a 6,352,233,366. In mid 1999, the number
of people on Eath was 6 bhillion, which means in the
littte over four intervening years, the world's population
increased by an amount equivdent to 120% of the US
population. World population should exceed 8 hillion by
2025. As depicted in Fg. 1, the need for globd
observetions of anthropogenic impects on the planet is
becoming more important.

Over the lagt decade, a series of internationd meetings
addressed  the chdlenges of managing the Earth's
resources to meet the basc needs of incressng
populations while preserving the environment. These
included the Rio Eath Summit in 1992, the
Johannesburg World Summit on Sustainable

Development in 2002, the Earth Obsarvation Summit in
July 2003, and the annua UN Framework Climate
Convention (UNFCCC) Conference of the Parties
(COoP).
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Fig. 1. 40year trend in CO, observations made
from anin Stu sensor.

However, can the Earth system keep up with such great
demands on its natural resources to accommodate future
generdions? Studies report the inherent  difficulties
asociaed with funding the growth in the Eath's
physica infrastructure (trangportation networks,
dedination fecilities, and s0 on) to keep up with the
population  expansion. Therefore, since it is not
practical to expand the world's physicd infrastructure at
the rate required to keep pace with the needs of
projected population growth, then is the solution to
devdop an effective globd information infrastructure?
Its a dat. This infrastructure would consst of
observation sysems to collect data about naturd
resources and the means through with this data can be
syntheszed to generate information. Data from this
infrastructure would hen be interpreted to produce the
knowledge  necessxy  for  optimizing  resource
management.

The chdlenge then is to edtablish an gpproach based on
the capacity of Earthscience information to support
decison mekers in edablishing  policies  and
management  solutions to better utilize Earth’s resources
(food, weter, energy, and so on) for the globa society’s
good [1]. The following assumptions underpin the need
for aglobal observetion and information infrastructure:;



The Eath's resources (for example, food,
water, energy, and land) avalable to sarve the
growing population are limited [2,3,4,5].

The Earth system is affected by anthropogenic
influences[€].

Our understanding of the Eath system as a
dynamic st of interactive processes (involving
oceans, land, and atmosphere) isincreasing.

As the world's population continues to
increese, an increesing number of people will
shae the Eath's finite resources. The
equitability of this divison will be a driving
forceinworld politica stability.

The countries of the world are chdlenged to
balance economic and Earth resources security
and stewardship.

Basic needs of the world's population are not
effectively being served today (for example,
water quality and quantity).

A magor component of this chalenge is to engage the
information  systems  communities  (computationa,
sience, and engineering) to begin to address the need
for accessibility to exiging archived data sets and to the
development of tools to mine the world's archives of
measured data.  Results from this activity can lead to
discovery of new knowledge and understanding that
will assig policy makers in meeting the needs of the
Earth’s burgeoning population. As illustrated in Fig. 2,
the need for globd observations is now being fulfilled
by amyriad of sensors with multiple vantage points[7].

Fig. 2. Global observations from multiple vantage points.

3 GLOBAL OBSERVATION ARCHIVES IN
THE UNITED STATESOFAMERICA

Civil globd observations within the United States fall
primarly under the auspices of three agencies —
Nationa  Aeronautics and Space  Adminigtration
(NASA), Nationa Oceanic  and  Atmospheric
Adminigtration  (NOAA), and the United States
Geologicd Survey (USGS).

3.1 ArchiveDescriptions- NASA

The NASA Disributed Active Archive Centers
(DAACs) are the data management and user sarvices
branches of NASA's Earth Observing System Data and
Information System (EOSDIS). The DAACs process,
archive, document, and digribute data from NASA's
past and current Eath science ressarch sadlites and
fild messurement prograns. The DAACs were
established in the early 1990s, and each DAAC serves a
specific sience discipline
(http://nasadaacs.eos.nasa.gov/about.html).

In 2001, in light of ongoing sdentific, technologicd,
and inditutiond changes, the DAACs cregted the
DAAC Aliance in order to collaborate with other
organizations managing science data  The Alliance
includes the Alaska Sadlite Facility (ASF) DAAC,
GSFC Earth Sciences (GES) DAAC, Globa Hydrology
Resource Center (GHRC), Land Processes (LP) DAAC,
Langley Atmospheric Sciences Data Center (LaRC)
DAAC, Nationa Snow and Ice Data Center (NSIDC)
DAAC, Oak Ridge Nationd Laboratory (ORNL)
DAAC, Physicd Oceanography (PO) DAAC, and
Socioeconomic Data  and  Applications  Center
(SEDAC).  Current holdings within each DAAC ae
showninFg. 3.

The Alaska Satdlite Facility downlinks, processes,
archives, and didtributes SAR data from the Europesn
Space Agency's ERS1 and ERS2 satellites, NASDA's
JERS1 sadlite, and the Canadian Space Agency's
RADARSAT-1 sadlite. The GES DAAC is the
achive for NASA's Eath Science Enterprises Ocean
Color, Hydrology, Atmospheric  Chemistry  and
Dynamics, and Land Biosphere data and information, as
wel a daa and information from other reaed
disciplines.  The Globa Hydrology Resource Center
(GHRC) provides both historicd and current Earth
sience data, information, and products from sadlite,
arborne, and surfacebased ingtruments. It encompasses
the data and information system, supporting product
generdtion, archivd, and digribution of research qudity
and opeaiond daa sgs for the Lightning Imaging
Sensor (LIS), Opticd Trandent Detector (OTD), and a
variety of passve microwave data sets.

The Land Processes DAAC processes, achives, and
digributes land-rdaed data collected by EOS sensors,



thereby promoting the inte-disciplinary sudy and
understanding of the integrated Earth system. The role
of the Land Processes DAAC includes the processng
and digribution of ETM+ data acquired by Landsat 7,
higher-level  processing and distribution of ASTER data,
and the digtribution of MODIS land products derived
from data acquired by the Terraand Aqua satellites.

The Langley Atmospheric Sciences Daa Center is
reponsble for processng, archiving, and disgtributing
Eath stence data relaed to radiation budget, clouds,
aerosols, and tropospheric  chemistry.  The Nationa
Snow and Ice Data Center serves as a cryospheric foca
point for the scientific and educationd communities. It
includes resources such as, State of the Cryosphere,
which provides an overview of the status of snow and
ice asindicators of dimate change.

The Oak Ridge National Laboratory DAAC is a source
for biogeochemicd and ecologicd daa useful  for
studying environmentd processes. These data have been
collected on the ground, from arcraft, or by satellite or
have been generated by computer modes. The extent of
data ranges from stespecific to globd, and durations
range from days to years. The Physica Oceanography
DAAC is responshle for archiving and didtributing data
relevant to the physicd state of the ocean.

The Socioeconomic Data and Applications Center
focuses on human interactions in the environment. Its
misson is to develop and operate applications that
support the integration of socioeconomic and Eath
science data and to sarve as an "Informaion Gateway"

between the Earth and socid sciences.
3.2 ArchiveDescriptions- NOAA

NOAA’s imagery is managed through the Nationa
Environmentd Saellite, Data, and Information Services
(NESDIS) (http:/Ammww.nesdis.noaa.gov/datainfo.htmt).
NESDIS operates four Nationd Data Centers for
Climate, Geophysics, Oceans, and Coadts
(http://nndc.noaa.gov/).

The Nationa Climatic Data Center (NCDC) archives 99
percent of adl NOAA data including over 320 million
paper records, 2.5 million microfiche records, with over
12 petabytes of digitd daa resding in a mass storage
environment. NCDC has satellite weather images back
to 1960. NCDC annudly publishes over 1.2 million
copies of climate publications thet are sent to individua
users and 33,000 subscriberss NCDC maintains over
500 digitd data sets, receives dmogt 2,000,000 requests
each year, and records over 100 million hits per year on
the website.

The Nationad Geophysicd Data Center (NGDC)
provides scientific stewardship, products and services
for geophysicd data describing the solid earth, marine,
ad Da-terredtrid  environment, as wdl as  eath
observations from space.

The Natonal Oceanographic Data Center (NODC)
serves the Nation with data and information for
understanding the ocean and its role in our lives. NODC
archives and provides public access to oceanographic
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Fig. 3. Holdingsin NASA and USGS archives.



observationd data and products, provides scientific
oceanogrgphic data services, and conducts assessments
of the ocean ervironment. The NODC manages the
worlds lagest collection of publidly avalable
oceanographic data. NODC holdings include in stu and
remotdly sensed physdca, chemicd, and biologicd
ocesnographic deta from coasta and desp oceen aress.
These were origndly collected for a vaiety of
operationd and ressarch missons by US Feded
agencies, including the Depatment of Defense
(primarily the U.S Nawy); by State and loca
government agencies, by universties and  research
inditutions; and private industry. NODC holdings
currently contain in excess of one terabyte of data
extending back over one hundred years, and the volume
is expected to grow exponentidly a new ocean
observing systems are deployed.

The Nationd Coasta Data Development Center
(NCDDC) has a misson to access and integrate diverse
coadtal daa digributed in multiple repostories and
provide these daa to usars via the Internet using
established and emerging technologies. They
accomplish this by maintaning a searchable metadata
cadog of coastd data, developing gateways to data
repodtories and usng middlevare technology that
provides datain user specified formats.

3.3 Archive Descriptions- USGS

The Earth Resources Observation Systems (EROS) Data
Center (EDC) of the USGS is a daa management,
systems development, and ressarch  fidd  center
(http://ledc.usgs.gov/). The EDC is the nationd archive
of remotdy sensed images of the Earth's land surface
(g, Landsat). These data ae acquired by civilian
satellites and aircraft ad used to study a wide range of
naurd hazads globd enwironmentd change and
economic development and conservation issues. It is
-located with the NASA Land Processes DAAC since
they servethe same mission.

The EDC filled over 36,600 orders for imegery during
the 2003 fisca year
(http://edc.usgs.gov/about/reports/sal es2003.pdf). This
was down from a peak of about 60,000 orders in fisca
year 2001. At the end of fisca year 2003, the EDC had
achived nearly 125 million frames of photographic
data  This included nealy 29 million frames of
Landsat photographic data.  An interesting detidtic is
tha 31 years of Landsat 1-5 data amounted to 165
terabytes, while only 4 years of Landsat 7 required 269
terabytes of storage. As can be seen from Hg. 3, over 1
petabyte of imagery related to globd land processes and
features are hed in the colocated USGS and NASA
achives. Fig. 4 shows the exponentid growth of just
the portion of the archive maintaned by the USGS
EDC.
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Fig. 4. Growth of USGS EDC archives sinceitsinception.

4. IMAGE ARCHIVES — THE UNDISCOVERED
COUNTRY

4.1 DataDiscovery and Mining

Access to image and data archives reaed to the Earth
system is becoming a more important research topic
and, as previoudy described, there are severd petabytes
of imagery dready in digtributed US archives. With the
enormity of imagery and datasets being held for the
grester good, it is a norttrivial task to just discover and
assembletheright datafor knowledge discovery.

Higtorically, NASA's research sadlites were used in
ganing a better understanding of Eath system
proceses to enable the prediction of naturd and
anthropogenic forcings on the sysem. NOAA, on the
other hand, has an operationd misson and much of its
data and imagery is used for red-time or near red-time
predictions aout oceanic and amospheric  phenomena
USGS hosts the premier longterm globd land
observations - Landsat series of satellites.

All three agencies provide access to imagery and other
data they have in archive. Data and imegery is
typicaly served to a user based on some set of
parameters (location, time, sensor, etc.) pecified by the
user. Some datasets are free, while others are assessed a
fee. One common characterisic of al the archives is
that you are provided your data for off-archive
exploitaion.  Exploitation of an archive's daesets for
knowledge discovery through data mining dgorithms is
not permissible, nor does the technology exist to search
the myriad of distributed archives in response to a user's

query.

Recognizing the need for grester access to archived
datasets and in  presarving them  until  tools for
knowledge discovery become avalable the IEEE
Geoxtience and Remote Sensng  Society’s  Technica
Committee on Data Archiving and Digribution (DAD)
is devdoping a ressarch agenda  Also, the archive
holders (eg., NASA) ae beginning to work toward
more open access to datasets by operationd users and to



identify approaches to facilitate access by the broader
operationa and educationd communities.

4.1 |EEE GRSSDAD Research Agenda

Remotely sensed data streams or datasets often push
avalable transmisson and dorage technology  to
extreme limits, and thus require specid techniques in
their  handling, didtribution, gpplication,  rendering,
fusng, mining, and compresson. The IEEE GRSS
DAD (wWww.ieeeorg/grssdad) promotes the study of
the manipulation and rendering of large data sets for
geoscientific purposes.

The Technicd Committee has the following charge
from the IEEE GRSS:

To provide recommendations and responses to issues
relaed to the archiving and didribution of remotely
sensed geospatial and geotempora data, and on how
new media, transmisson means, and networks will
impact the archiving, digribution, and format of
remotely sensed data Also, to study the impact of
media, chand, and network scding on the archiving
and digtribution of data

The DAD Technica Committee represents an
international  cross-section of industry, government, and
academia (seeFigs. 5& 6).

The membership of the technica committee has been
devdoping a ressach agenda to propose to the
international Eath  observation daa  archiving
community. The following list represents the issues
identified thus far. It is important to note that these
topics have not been vetted in an open format yet, but
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Fig. 5. IEEE GRSS DAD professiond categorization.
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Fig. 6. IEEE GRSS DAD internationa representation.

just represent alisting of current idess.

Archivd media readability and integrity: How
long can current media be expected to survive,
and will it be readable after two or three
generations of new media? How can we insure
tha criticd data survive this process of
technological evolution with integrity?

Archival dite stability: How can we insure that
achiva dtes (egpecidly those referenced in
the archivd literature) remain accessible for
reasonable periods of time? How long a time
period should be corsidered minima for public
access?

Archivd dte sze versus access bandwidth
trends Do the Moores law exponents for
dorage media and internet bandwidth suggest a
trend tha capacity will eventudly exceed
ahility to access data in reasonable time? If <o,
should compression, filtering, and
edtimation/detection processing agorithms
dong with daa origingtor, data format,
cdibration issues, etc. which help researchers
to experiment with raw data be located a the
archivd gte?

Data visudization: How can we provide on-
line visudization tools that can assist users in
identifying meaningful data subsats  within
large sts?

An important theme for this research priority is
the arangement of archive daa in a user-
sected sequence (or hierarchy) in orde to
fecllitte sdecting coincident and  co-located
data. This is particularly important as work on
data fuson is growing repidy and the
synergisic use of multi-platform data is so
much encouraged. This proposd is for an off-
line browsing tool. As for an ontline toal, it is
certainly even more important and needed. It
can be identified as a priority but any
reasonable solution to bring on-line data from
different sources into one sysem will be
technically chdlenging and expensive.

As we intend to provide data and information
to the application communities, it might be
useful  to  identify  products of most
sociofeconomic  values adong with the most
recent and robust agorithms to generate those
products. The list should be updated regularly
as sensors and agpplications continue to evolve.
We want, for example to make the user
community aware that DEM can be produced
accurately from SAR interferometry, or sea ice
surface temperature has become available from
IR channds, or a new vegdation index has
been produced from MODI S data and so on.

Data compression. Recently, there has been
much work on this topic. Which kind of



compression do we need for DAD purposes?
This point is aso related to the network
infrastructure  (and bandwidth) through which
usrs ae going to access the archives. Can we
use losdess compresson? Do we need near-
losdess or even lossy compresson, and in the
affirmative, what are the qudity issues reaed
to data dteration? Moreover, how do the
achive access neworks impact on  the
sdection of data compression tools?

Security  (Authentication  and ~ Copyright
Protection). These topics are hot ones in the
multimedia field, and may apply to remote
sensing data as well. One may want to provide
a guarantee to the user, that the data they
receved are actudly the ones they expected,
i.e. nobody mdicioudy intercepted the data
transmisson and modified the data Moreover,
a daa disributor may want to be able to
enforce copyright protection on the distributed
data, in order to check that licensng
agreements are not violaled by the usars
through improper use of the data (eg. illegd
copy and digtribution). Which technologies can
be usad to this purpose? In the multimedia field
digitd watermarking is becoming the key
technology, though it aises the same qudity
issues as compression. Otherwise, encryption
may aso be consdered.

Quaity assessment. Every time an operaion
(for example lossy compresson) dters the
remote sendng daa, eg. in order to make the
data transmisson feasble, a user may be
concerned on the qudity of the dtered daa
with respect to the origind daa or, more in
generd, on the possble decreese of added
vaue. <o far, sufficiently generd
methodologies to assess data qudity do not
exig (or they are quite smpligtic), though they
ae cucid to the deployment of dgnd
processing techniques on remote sensing data

Data Archiving and Digribution will influence
sandards of rlevanceto GRSS.

4.2 NASA EOS-SWGD

NASA's Eath Obsarving Sysem (EOS) Science
Working Group on Daa (SWGD) recently hed a
workshop on Data Access and Usability. The workshop
induded pand discussons by a range of users in a
vaigy of discipline aess who desribed ther
objectives, the type of EOS data they used, how they got
the daa and how usable they found the data. The
workshop panelsrepresented:

Climate Researchers
Earth Science Researchers
Applications and Operation Users

Education and Outreach Users.

The author of this paper chaired the Applications and
Operation Users Pand. The SWGD was especidly
interested in any barriers users encountered, how the
bariers were overcome, and welcomed suggestions for
improvements.  The full workshop report is available at
http://swgd.gsfc.nasa.gov/.

There were a number of common threads that crosscut
the various user communities They fdl into the
following categories DAAC sarvices, User Interface,
Communication, Community-specific  Custom Data
Sets, Data Timeliness and Calibration.

There were three areas of DAAC sarvices that were
idetified where improvements would help lower the
barriersto the use of EOS data:

Subsdting
Tools
Alternative Data Formats.

Four aress of the EOS user interface were identified
where improvements would lower the barriers to using
the data:

Reducing the number of clicks

Deploying  portas  for
communities

Enabling script-basad queries
Adding a semantic interface.

different user

Better communication among holders of datasets and
their users is an aea tha can adways be improved.
Also, it can becomes gparent quite rapidly that
different users groups prefer data in a format that is
“user-friendly” to them. Findly, timely access to
datasets is an issue for operational users dong with
intercalibration of sensors (eg., the Landsat series).

One of the recommendations from the Applicaions and
Operation Users Paned was “systems and tools that
permit image information mining need to be
devdoped.” A specific example cited for the report was
that “The archives are rich with information that needs
to be exloited to gan new insghts for use in science
understanding and operationd decison support.”  The
panel was asked to prioritize its recommendations and
thisonewas graded asthe 2" hi ghest priority.

The highest priority recommendation would aso be of
interest to this workshop. It recommended, “EOSDIS
should reexamine how to better serve its many user
communities (science, operationa, and other diginct
communities).”  Some gpplicable recommendations of
interest to the workshop included:



Portals tailored to user communities.

Tools that do smple things with the data (e.g.,
change detection for the  conservaion
community).

5 CONCLUSIONS

In Act Ill, Scene 1 of Shakespeare's Hamlet, Hamlet
gives his famous “To be, or not to be” soliloquy.
Withinthis discourse Hamlet dso offers the following:

With abare bodkin? who would fardels bear,
To grunt and sweet under aweary life,

But that the dread of something after desth,
The undiscover'd countryfrom whose bourn
No traveller returns, puzzlesthe wil

And makes us rather bear thoseillswe have
Than fly to others that we know not of ?

Here he expresses his dread of the undiscovered country
that faces us dl after desth. In Star Trek VI: The
Undiscovered Country, Chancellor Gorkon of the
Klingon High Council expresses the fear that the people
of the Klingon Empire and the United Federation of
Panets have as they explore the notion of a universe
where peace is the norm - their undiscovered country.

For those dudying Eath sysem science seeking
optima solutions for the use of Earth's naturd resources
to meet the needs of the globa community, we too have
an undiscovered country.  For us, it is the knowledge
about the Earth system that lies hidden in the imagery
and data archives of the globa obsevation community.
As echoed by Hamlet and Gorkon, there is trepidation in
traveling into these unknown lands, but from them we
can learn that the reward that lies beyond may greetly
surpass our present sate.  Therefore, there exists a red
need to devdop the theory and applications of
knowledge driven image information mining for
explaiting Earth observation datasets.
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