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Executive Summary  
 
During the past thirty years, the government, academia, and the private sector have 
invested billions of dollars to collect, process, and archive vast amounts of remotely 
sensed earth science data from satellites.  Remote sensing systems were originally 
designed for monitoring large-scale global processes. During the past decade, however, 
scientists have made great strides in developing the capacity to use and distribute the 
information to local and regional user communities.  Despite the efforts and results 
obtained so far, much additional work remains to be done to meet the needs of the target 
communities.   
 
A broader challenge for the new millennium is to develop applications that will improve 
our ability to track and interpret human interactions with the environment – information 
that could then be used to help develop and implement policies that will keep 
anthropogenic environmental impacts within ecosystem limits.  As user communities 
have begun to understand the potential uses of the information, it has become 
increasingly clear that the demands within these communities for useable data and 
information far outweigh the information-generation and dissemination capabilities 
developed thus far.  The gap between those with the data and scientific knowledge and 
those who will apply the information to make real world decisions regarding our 
environment needs to be bridged 
 
As part of an ongoing effort to bridge this gap between those gathering the data and those 
wishing to use it, NASA has funded the Earth Science Information Partners (ESIP) 
Federation.  Environmental Legal Information Systems (ELIS), a member of the ESIP 
Federation, was established to help bridge the gap by designing a system tying remotely 
sensed earth science information to law.  Part of the aims of ELIS are to identify and 
educate new remotely-sensed data users and to develop applications to allow better 
management of the ecosystem through the integration of remotely sensed earth science 
information from satellites with environmental laws and policies.   
 
In response to this mission, ELIS hosted A View from Space: Digital Earth Applications 
in Environmental Resource Management, a full day workshop at American University’s 
Washington College of Law (WCL) on January 26, 2001.  The goals of the workshop 
were: 

• To engage environmental decision makers, including attorneys, legislators, 
and other interested persons from government, private, and non-governmental 
entities in discussions on the characteristics and capabilities of remote sensing 
technologies and digital earth data;  

• To explore user needs for remote sensing technologies in the development and 
implementation of environmental laws and policies, and to identify potential 
hurdles to successful implementation; and  

• To evaluate legal issues, including the scientific evidentiary standards, raised 
by novel technologies and environmental models and simulations. 

 
In facilitating a dialogue between the scientists and user communities, ELIS hoped both 
to educate the legal community to the realistic uses of satellite data and digital earth 
science systems and to inform the scientific community as to the types and quality of data 
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necessary to introduce remote sensing data into courtrooms and into the legislative 
process. 
 
The workshop was organized into three sections:  presentations, panel discussions, and 
break-out discussion groups.  The morning presentations provided background on remote 
sensing technologies and digital earth systems and provided a legal framework for use 
satellite and other digital earth information.   
 
The midday section was comprised of two panel discussions intended to provide 
examples of actual use of remote sensing images and data.  The first panel members 
presented examples of the use of remote sensing tools in the permitting, monitoring, and 
enforcement of environmental laws, and noted some of the limitations and difficulties 
encountered.  The second panel members presented examples of how remote sensing 
technologies are being used or can be used in wetland, watershed, and coastline 
management decisions and about the obstacles they have encountered.  The last 
presentation before break-out sessions was on evidentiary issues that may be raised by 
the use of novel science in the courtroom and the opportunity for scientists to play a role 
in helping courts develop appropriate standards governing to the use of remote sensing 
and digital earth systems in court.   
 
Toward the end of the day, the two break-out groups discussed the gap between what 
exists now and what is needed in the future in order to develop applications for use in the 
legal and policy-making processes for regulation and for resource management.    
 
Conclusions 
 
1. Technological advancements, coupled with their acceptance and implementation by 

appropriate users, can help counteract the continuing degradation of the environment 
by assisting scientists, regulators, businesses, agricultural interests, and citizens to 
make better decisions on better quality information.   

2. Huge opportunities exist to use remote sensing and digital earth systems to assist in 
balancing the human-ecosystem interaction, but before advances can be made, there 
must be better communication between the information generators and the user 
communities.   

3. Digital applications should be developed to achieve, clear, narrowly targeted ends. .  
Potential legal issues related to the applications should be considered, and to the 
extent practicable, addressed in advance.  Examples of how remote sensing may be 
applied in a decision-making context include: determining allocations of nutrient 
loads in a watershed, identifying cause and extent of pollutant spills, protecting our 
fishing resources, and delineating and managing our forests and coastlines.   

4. These ideas are built around better communications between the most directly 
affected stakeholders:  the data collectors need to present the data to potential users in 
understandable terms, while potential users must articulate clearly the problems they 
seek to solve and the sort of information they would like to have available to bear on 
those problems and the issues surrounding effective access to the information they 
need.   
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Abbreviations and Acronyms  
 
CIEL – Center for International Environmental Law 

CSC – NOAA Coastal Services Center 

DAAC – NASA’s Distributed Active Archive Center 

DE – Intergovernmental Digital Earth program 

DERM – Digital Earth Reference Model 

ELIS – Environmental Legal Information Systems 

EROS – Earth Resources Observation Systems data center  

ESIP – NASA’s Earth Science Information Partner 

GFW – World Resource Institute’s Global Forest Watch program 

GIS – Geographic Information System 

GPS – Global Positioning System 

GSFC – NASA’s Goddard Space Flight Center 

HAZMAT – Hazardous Material 

IPCC – Intergovernmental Panel on Climate Change 

MD DNR – Maryland Department of Natural Resources 

MERLIN – Maryland's Environmental Resources & Land Information Network 

NASA – National Aeronautics and Space Administration  

NOAA – National Oceanic and Atmospheric Administration 

NWRC – National Wetlands Resource Center 

OPIS – Ocean Planning Information Systems 

RST – The Remote Sensing Team at NWRC 

TMDL – Total Maximum Daily Load 

US EPA – United States Environmental Protection Agency 

USGS – United States Geological Survey 

WRI – World Resource Institute 
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Workshop Perspectives and Goals 
 
Durwood Zaelke, ELIS project member and President of the Center for International 
Environmental Law (CIEL), opened the workshop by introducing ELIS’s vision to 
integrate remote sensing technologies and digital systems into environmental decision-
making processes.  The full text of Professor Zaelke’s remarks follows.   
 

To help focus the challenge before us today, I want to begin with the simple, but 
profound fact that the world’s environmental problems are getting worse, at the local 
level, the regional level, and the global level.   
 
Global population continues to grow, perhaps leveling off in the next 50 years at 9 or 
10 billion.  Just in this decade, we will need 500 million new jobs, according to 
yesterday’s New York Times, quoting a recent International Labor Organization (ILO) 
study.  Jobs generally mean expanding economies, and more growth in the use of 
natural resources, and in the levels of pollution.  Yet we are already overtaxing our 
sources and sinks.    
 
“Further growth beyond the present scale is overwhelming likely to increase costs 
more rapidly than it increases benefits, thus ushering in a new era of ‘uneconomic 
growth’ that impoverishes rather than enriches,” to use the words of Herman Daly, 
former senior economist at the World Bank.   
 
He continues:  “This is the fundamental wild fact that so far has not found expression 
in words sufficiently feral to assault successfully the civil stupor of economic 
discourse.”  
 
Scientists throughout the world are in accord.  In the early 1990’s, 1,600 scientists, 
including over half of the living Nobel laureates in the sciences, issued a Warning to 
Humanity: “The earth is finite. Its ability to provide for growing numbers of people is 
finite.  And we are fast approaching many of the earth’s limits. . . .  No more than one 
or a few decades remain before the chance to avert the threats we now confront will 
be lost and the prospects for humanity immeasurably diminished. . . .  If we are to 
halt the destruction of the environment, we must accept limits to that growth.” 
 
Climate change, of course, is the issue that will swamp all other environmental 
issues, if we don’t find a way to limit the use of fossil fuels and limit emissions of 
greenhouse gases (GHGs).  The most recent Intergovernmental Panel on Climate 
Change (IPCC) assessment, released this week, is startling in its prediction of the 
human-induced warming we can expect– to 10.4 degrees during the next century, an 
upward adjustment of 60%. 
 
Our environmental problems are getting worse, for one simple reason.  We are not 
managing the human/ecosystem interaction to keep within ecosystem limits.   
 
Because the human/ecosystem interaction is managed through a legal framework, we 
also can say that the reason our environmental problems are getting worse is that our 
legal rules are not keeping up, especially in developing countries, where legal and 
institutional capacity is often sorely lacking, and especially at the global level, where 
we must rely on treaties, a post-feudal system for making law.   
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The treaty process is a slow, archaic process, which requires the consent of each and 
every national government in the process.  Many of the governments are not fully 
informed of the underlying science that drives treaty law-making, and they inevitably 
become cautious treaty negotiators.  This gives the system a built-in bias towards the 
lowest common denominator, which inevitably results in treaties that are weaker than 
they should be.   
 
That’s the bad news.  And it is bad indeed.  Our environmental problems are getting 
worse, and will get worse still, and our legal and management regimes are not 
keeping up, let alone getting ahead of the problems. 
 
But there is good news as well.  First, scientists are getting better at understanding the 
human/ecosystem interactions, and they are getting better at identifying the limits to 
ecosystems, from local wetlands, to costal regions, to forests, and to the climate 
system.   
 
Second, our technologists, including many from NASA and many here today, are 
developing better tools for monitoring and measuring ecosystem interactions on a 
broad scale, and in real time, including through remote sensing.   
 
Third, technologists are beginning to develop the tools needed to visualize the 
human/ecosystem interactions, and to help us see more clearly into the future, so we 
can have more confidence in the actions we need to take today to achieve the future 
we want as a society.   
 
Seeing the future is one of our key challenges.  We are mostly grasshoppers, who see 
only today (think of the negative savings rate in the U.S.).  We generally don’t see 
the future.  Maybe we aren’t looking; maybe we don’t want to see; maybe we’re 
more ostrich than grasshopper.  But we need to see the future more clearly if we are 
to stay within ecosystem limits, and visualization through better technology is critical 
for doing this.   
 
Fourth, and finally, the combination of these forces–together with the continuing 
deterioration of the environment–is producing more political pressure to drive legal 
systems at all levels to develop stronger regimes for managing the human/ecosystem 
interactions to stay within ecosystem limits and to ensure its sustainability. 
 
A moment ago I put climate change under the bad news category.  Now I’ll also put 
it in the good new category as well.  It is an example where continuing scientific 
assessment is driving the legal system to evolve faster than anytime in the history of 
international law.  We are using technology to continually assess the growing climate 
problem, and we are using technology, in the form of the General Circulation 
Models, to better understand the future.  Seeing the future is critical to building 
political will for a strong climate regime.  The climate example shows that the 
science-driven environmental law system can evolve quickly, though still not quite 
quickly enough.   
 
Our challenge today is to figure out how to accelerate this process, by better 
integration of digital earth science data, including remote sensing data, into legal 
systems at all levels of government, to better manage critical ecosystems.  The need 
for these new tools becomes imperative as we get closer and closer to the limits of 
critical ecosystems. 
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ELIS is one effort to do this.  It is a partnership among CIEL, the University of 
Maryland, Baltimore, the Law Library of Congress, and Universities Space Research 
Association (USRA).  These partners are working to develop system architecture to 
link environmental laws with digital Earth Science data, initially through a user-
friendly Web interface, and ultimately through interactive computer models.    
 
Our goal is to create tools that can be used by legislators, regulators, businesses, civil 
society, researchers, and other stakeholders to make better informed, and more 
timely, ecosystem management decisions.  These include decisions by those who 
draft environmental laws, those who apply the law through permits, environmental 
assessments, monitoring programs, and other techniques, those who enforce the law, 
and those who must follow the laws. 
 
But much broader partnership will be needed to succeed; a partnership we hope will 
include many of you here today.  The environmental challenge may be the most 
critical challenges facing humanity.  And it can only be met with the talents and 
vision of technologists. 
 

 
 
Professor Zaelke concluded his speech by outlining the agenda for the participants.  The 
first half of the workshop included a series of presentations to provide the participants 
with a primer on remote sensing technology and on the legal framework for use and 
distribution of earth science information derived from satellite-sensed data.  The 
presentations ranged from dramatic visualizations of remotely sensed information to the 
basics of collection, processing, storage, and distribution of remotely sensed information.  
 
Visualizing Remote Sensing Capabilities 
 
The workshop opened with a demonstration of remote sensing capabilities and 
perspective on earth science applications.  NASA provided a video, originally produced 
for the Smithsonian IMAX Theater entitled Exploring Earth From Space: New Windows 
on a Changing Planet.  The film provided a visual background for the attendees on the 
history and capabilities of satellite technology for earth science applications using images 
from several satellite platforms.  The movie began with a powerful visualization of 
satellite capabilities by showing a 1-meter resolution view of the Washington Monument 
provided by the privately operated IKONOS satellite.  The view zoomed out to a regional 
view of the Washington, DC metro area at 30-meter resolution with an image from 
Landsat 7 and concluded by expanding to a view of the world with an image taken from 
one of Terra’s sensors, MODIS (Moderate Resolution Imaging Spectroradiometer). 
 
The film explained some of the many earth science applications for satellite remote 
sensing technologies.  For studying land, Landsat has collected medium-resolution 
images of the earth since 1972 that can be used for land use change detection.  Other 
satellites, such as Terra, can obtain three-dimensional views of the earth’s terrain that 
enhance our ability to assess land changes.  For studying ocean processes, the SeaWiFS 
sensor can monitor productivity, seasonal fluctuations, sea surface temperatures and 
natural disasters.  For monitoring atmospheric conditions, satellites such as TRMM 
(Tropical Rainfall Monitoring Mission) provide measurements of tropical rainfall, 
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hurricanes, and floods. The TOMS sensor (Total Ozone Mapping Spectrometer) has been 
launched to constantly monitor the ozone hole.  The MOPITT (Measurement of Pollution 
in the Troposphere) sensor on Terra is used to study atmospheric pollutants like carbon 
monoxide.  
 
 
Basics of Remote Sensing: Technical Aspects 
 
After the introduction to the potential applications of remotely sensed data from the 
NASA film, William Campbell, Head of the Applied Information Science branch at 
NASA Goddard Space Flight Center, educated workshop participants on the technology 
behind remote sensing systems and its limitations in a talk titled Remote Sensing, Just an 
Illusion: Fact or Fiction (Technical Basics of Remote Sensing Data Collection, 
Processing, and Presentation). 
 
Campbell began his presentation by defining remote sensing as the analysis of data 
acquired by a device that is not in contact with the object, area, or phenomena under 
investigation.  He discussed how satellites operate and the types of processing and 
transformation data undergoes between collection and presentation.   
 
Some remote sensing instruments are designed to acquire various portions the 
electromagnetic spectrum in photons of light.  There are two main types of sensors: 
Passive (energy leading to radiation received comes from an external source, e.g., the 
Sun) and Active (energy generated from within the sensor system, beamed outward, and 
the signal returned is measured). 
 
The procedure a passive sensor undergoes to record data follows: A passive sensor, such 
as the ETM+ (Enhanced Thematic Mapper Plus) carried aboard the Landsat 7 satellite, 
receives data from one area of ground in the form of photons of electromagnetic energy.  
The photons cause the sensor to release a current of electrons.  The electrons form a 
signal that defines the target is was sensing, referred to as the pixel (picture element). 
Each pixel is assigned a digital number (DN).  Using these DN values, a "picture" of the 
scene is recreated on film (photo) or on a monitor (digital image). All satellites are 
carefully calibrated and characterized before launch and are continually monitored while 
in orbit to reduce error possibly resulting from sensor failure or signal  “noise.” 
 
Throughout his talk, Campbell emphasized four keys to successful remote sensing: 
timeliness, accuracy, resolution, and ground-truthing:  
 

(1) Timeliness.  Timeliness is important because of the many applications of real 
time data. For example, the ability to detect hurricanes more accurately could save 
states millions in evacuation procedures – Campbell noted that it takes 
approximately $1 million per mile of coastline for evacuation before a hurricane.  
Timeliness is also crucial to environmental change detection for emergency 
response procedures, such as responding to the tide, wind, and other 
environmental dynamics that for example, shape the spread of an oil spill.  
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(2) Accuracy.  In considering accuracy, Campbell commented that the 
electromagnetic sensors have a very high level of accuracy and are able to 
compensate for "noise," such as space dust, that the sensor might also pick up.  
The "birds," as satellites are known informally, are constantly corrected to assure 
accuracy.  However, he also mentioned that even military intelligence mission are 
not devoid of error – the Bosnian war is an example of many such mistakes in 
accuracy in which the United States bombing operations mistook cars for tanks 
and the Chinese embassy building for a weapons storehouse although this was 
reportedly caused by incorrect coordinates programmed into the weapon.  
 
(3) Resolution.  The third factor that must be accounted for is the resolution of 
the image, both spatially and temporally.  An image’s spatial resolution, usually 
measured in meters, refers to the size of ground area that falls within the 
instantaneous field of view of a single detector.  Temporal resolution refers to the 
frequency with which a satellite passes over a given point on the globe.  In other 
words, trying to determine which building on Massachusetts Avenue was the Law 
School would be futile with 1-kilometer resolution data (which would show DC in 
1 km square blocks) or with a satellite that does not pass over DC.  Even with the 
correct resolution, Campbell noted, image interpretation is very complex and is 
sometimes an attempt to convert "an optical illusion into reality."  
 
(4) Ground-truthing.  When obtaining data from satellites, the only way to 
ensure that the observation matches reality is to conduct on site observations of 
the same phenomena, a process referred to as ground-truthing.  Campbell 
continually emphasized ground-truthing in his speech and conclusions.  Satellites 
are not a replacement for on site observations and actually require substantially 
verification to ensure that what the sensor transmits corresponds to the reality of 
the location.  Space satellites have, historically, not been designed to observe 
local change processes.  Recently satellites have become more geared towards 
local processes but only research and continued ground validation will ensure the 
accuracy of the observations.   

 
Campbell then discussed remote sensing technology in the coming decades.  Remote 
sensing systems are rapidly improving and offering higher and higher resolution data, 
both in the governmental and commercial sectors.  Active sensors such as Canada's 
RADARSAT have increased the application potential of satellites.  Costs are generally 
decreasing, although remain high.  And the focus is shifting to providing users with 
timely and accurate data.  New technologies, such as hyperspectral sensors, are 
improving accuracy of the information.  While multispectral sensors, such as Landsat’s 
ETM+, can read seven bands of the electromagnetic spectrum plus one panchromatic 
band, hyperspectral sensors detect hundreds of separate bands. This capability yields 
spectral responses that are unique to very specific objects.  The spectral signals of objects 
can be classified into each specific class of observation– and hyperspectral sensors will 
be able to identify these objects even further.  Another technology that will improve 
accuracy is the use of handheld devices to conduct ground-truthing observations, a 
strategy that Campbell’s own branch has been developing.  The devices can be used by 
an individual in the field to make in situ observations to verify the satellite data.  The 
ground observer will be able to immediately send the information gained on the ground to 
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a data processing center where it will be used to verify and correct the images produced 
from satellite data and immediately made available to users.  
 
  
Basics of Remote Sensing: Legal Concerns 
 
Using remotely sensed data, and information derived from it, in settings that can lead to 
litigation can raise many legal issues, including those relating to the admissibility of the 
evidence. Professor Joanne Gabrynowicz, a lawyer who is currently a Professor of Law 
and the Director of the National Center for Remote Sensing and Space Law at the 
University of Mississippi Law School in Oxford, MS, introduced several concerns 
involving the law and satellite remote sensing, including international and municipal 
concerns.  
 
The Outer Space Treaty1 has been ratified by approximately 100 nations and entered into 
force in 1967. Its purpose is to prevent national rivalries from extending into outer space.  
It states that all nations have the nonexclusive right to use space.  Satellite remote sensing 
has been defined as such a permitted “use.”  The Treaty stresses international cooperation 
and the sharing of “benefits” from space. These benefits can include scientific data from 
national civil satellites. The Outer Space Treaty also contains environmental provisions 
that require parties to avoid harmful contamination of the Earth and space environments.  
An early issue was the right of satellite overflight.  In 1957, the flight of Sputnik I 
established the right of satellite overflight without requiring the permission of a subjacent 
state.  This right has continued without challenge since then. 
 
Customary law has also been developing specifically with respect to remote sensing.  The 
United Nations Principles Relating to Remote Sensing of the Earth from Outer Space2 
contains principles for both remote sensing nations and sensed states.  It is the opinion of 
a number of legal observers and some of the negotiators of the Principles that the 
Principles have achieved the status of customary international law and thus may  be 
binding on states.   Important parts of the Principles were incorporated into U.S. domestic 
law in the Land Remote Sensing Commercialization Act3 and later in the Land Remote 
Sensing Policy Act4.  Japan and Canada have also used these Principles in their domestic 
legal systems.   The Principles include making data from national civil systems available 
to a sensed state on a nondiscriminatory basis and making data and information available 
that is capable of averting phenomenon harmful to the Earth's natural environment or that 
can protect humankind from natural disasters.  The Principles do not apply to military 
systems, private remote sensing systems or to value-added private sector data.  
 

                                                
1 The Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer 
Space, including the Moon and Other Celestial Bodies (the "Outer Space Treaty", adopted by the 
General Assembly in its resolution 2222 (XXI)), opened for signature on 27 January 1967, entered into 
force on 10 October 1967, 96 ratifications and 27 signatures (as of 1 February 2001) 
2 The Principles Relating to Remote Sensing of the Earth from Outer Space (resolution 41/65 of 3 
December 1986) 
3 15 U.S.C. 4201 et seq. 
4 Pub. L. No. 102-555, 106 Stat. 4163 (1992) 
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Professor Gabrynowicz also discussed U.S. case law, focusing on the landmark case Dow 
Chemical Co. v. United States5.  In Dow Chemical, the Supreme Court considered the use 
of both aerial and satellite remote sensing for environmental law enforcement.  The case 
contains an evaluation of the Fourth Amendment's prohibition of illegal search and 
seizure in the context of environmental enforcement.  The dicta in the opinion suggest 
that remote sensing satellites could be considered to be “exotic technology,” by the Court 
and, if used, might not be acceptable for government searches.  However, the Court 
considers aircraft to be standard technology and has allowed their use in searches based 
on the altitude flown. It has held that the “fruits” of aerial searches are admissible.   
 
According to Professor Gabrynowicz, the difficulty in the Court’s distinction between 
aerial and satellite searches based on altitude is demonstrated by Unpiloted Aerospace 
Vehicles (UAVs). Flying at 50,000 to 60,000 feet, these UAVs can take images at an 
altitude higher than that of an airplane, but lower than satellites. This technology can 
reasonably raise the question of whether the Court is engaged in line-drawing among 
quantitative variables or protecting substantive rights. Professor Gabrynowicz believes 
that courts will increasingly accept the use of remotely sensed data but that its use will 
continue to raise and many questions as it answers. . 
 
 
Creating a Reliable Data Archive Infrastructure 
 
One of the most crucial barriers to the successful use of remote sensing data in law and 
policy is the inability to consistently access the data and data products. NASA’s satellites 
have been collecting vast amounts of data for the past twenty years and currently receive 
a terabyte of information daily. While central data access centers such as the National 
Satellite Land Remote Sensing Data Archive6 at the USGS EROS data center and 
NASA’s Distributed Active Archive Centers7 (DAACs) exist, there is no structure that 
organizes data according to a common standard that can be accessed both by scientists 
and end users.   
 
In part to address this problem, the U. S. government is participating in an initiative 
called Digital Earth.  The aim of the Digital Earth project is to create a reliable 
infrastructure for accessing geospatial information, including remote sensing data and 
products.  Dr. Jeff de la Beaujardiere from NASA’s Goddard Space Flight Center 
described the Digital Earth program and NASA's FY2001 efforts in that domain. 
 
Digital Earth (DE) is a collaboration of local, state, and federal organizations, along with 
software and data companies, with the purpose of establishing a standardized format for 
accessing earth science information over the Web.  With the advent of computers capable 
of processing large amounts of data has come the need to create a system to catalogue 
and share this data, so that it can be used by the private sector, as well as by 
governmental agencies.  Dr. de la Beaujardiere stressed the idea that there must be a set 

                                                
5 536 FSupp 1355, rev'd 749 F2nd 307, Aff'd 476 U.S. 227, 106 Sct 1819, 90 Led 2d 226 (1986) 
6 The National Satellite Land Remote Sensing Data Archive is available on the web: 
http://edc.usgs.gov/programs/NSLRSDA.html 
Access Data at the Global Land Information System (GLIS): http://edc.usgs.gov/webglis/ 
7 The DAAC’s can be accessed at http://nasadaacs.eos.nasa.gov/ 
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of standards and that DE will not be a free database of information, but rather a way to 
access information. DE is likely to be a distributed web of services and clients that should 
focus primarily on the access to data, the end-user needs, and the required technology.   
 
The most effective way to create this framework is to establish a DE system that behaves 
analogously to the World Wide Web.  Users would be able to search and access the data 
with their own DE viewers, as long as the data is catalogued in a standardized format and 
retrievable using standard protocols.  There should be map servers and data servers, as 
well as web-based and desktop GIS programs.  The main goal is the interoperability 
among users’ programs and the DE servers.  DE will not require providers to convert 
their data to a standard, one-size-fits-all format, but it will require them to describe their 
information, including the format of it so that the person accessing the data will know 
how it is formatted and can handle it accordingly.   
 
Future DE projects include further refining the standards, which are currently listed in the 
Digital Earth Reference Model (DERM)8.  The standards now cover access to data in 
map form and will soon include access to real data values and time dependent 
information.  A more comprehensive and more easily searchable catalogue will be built.  
Other improvements will include geoparsing, which allows place names to be searchable 
and a gazetteer that will allow the client to determine place locations.  Also, a location 
organizer folder, basically a digital manila folder, will be created, to organize the users 
maps and data file. 
 
Dr. de la Beaujardiere concluded his presentation with a video of the Digital Earth 
Workbench, a fully interactive immersive 3-D viewer, which will be used as a virtual 
reality earth science tool.  Now under development at the Goddard Space Flight Center, it 
is hoped that such tools might appear in museums in the next few years. 
 
 
Novel Science in the Courtroom 
 
Professor Paul R. Rice, a Professor of Law at American University, Washington College 
of Law, gave a presentation entitled Evidentiary Standards:  Issues of Foundation, 
Credibility, and Chain of Custody for Novel Scientific Evidence.  Professor Rice 
discussed how scientific evidence has been screened by courts for admissibility purposes.  
He provided a historical sketch of the evolution of the test -- from  (1) general logical 
relevance balanced against the potential for unfair prejudice, to (2) general acceptance in 
the relevant scientific field when novel scientific principles are being offered (the Frye 
test), to (3) a balancing test under the Federal Rules of Evidence when all scientific 
evidence is offered, where the factors previously weighed by the scientists are now being 
weighed by the presiding judge (the Daubert test).   
 
Under the prevailing Daubert test, announced by the Supreme Court in Daubert v. 
Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579, 589 (1986), trial judges are directed to 
consider a number of factors when assessing the validity of scientific evidence.  These 

                                                
8 The Digital Earth Reference Model is available on the web: http://www.digitalearth.gov/derm 
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factors include:  (1) testing of the theory or techniques; (2) peer review (after 
publication); (3) error rate (known or potential); and (4) general acceptance in 
the relevant scientific community (now only a factor, rather than an exclusive test).  
Professor Rice argued that since judges are generally required to consult people in the 
relevant scientific communities as they attempt to employ each of the delineated factors, 
"Daubert is essentially Frye in drag."  The only difference is that judges are using the 
experts' reports like they do the draft opinions of their law clerks -- putting their names 
on them and acting as though they had written the reports 
 
Professor Rice then discussed a fundamental question that has been ignored by the 
Supreme Court and those responsible for drafting the Federal Rules of Evidence:  If 
scientists are still controlling the process by which scientific evidence is screened (either 
directly in those state jurisdictions still following the Frye "general acceptance" test, or 
indirectly in federal jurisdictions under Daubert) and the standards of reliability 
employed in those sciences often exceed ninety-eight percent, why is this appropriate 
when the standard for the admissibility of all other evidence is preponderance -- over fifty 
percent?  Should scientific evidence be excluded from judicial proceedings where a social 
dispute is being resolved by a preponderance of the evidence, simply because a particular 
science would not employ that evidence in the search for scientific truths?   
 
 
Professor Paul Rice, a Professor of Law at American University’s Washington College of 
Law, gave a presentation entitled Evidentiary Standards:  Issue of Foundation, 
Credibility, and Chain of Custody for Novel Scientific Evidence.  Professor Rice 
discussed how to get novel scientific evidence into court.  He provided a historical sketch 
of the tests used by courts to determine whether certain scientific evidence could be 
admitted into court.  In Frye v. United States, 293 F. 1013, 1014 (9th Cir. 1923), the court 
established a test for determining whether scientific evidence was reliable enough to be 
admitted.  Referred to as the Frye test, the court stated that to be permissible, evidence 
had to have general acceptance by the relevant scientific community.  Since the Federal 
Rules did not address the admissibility of novel scientific evidence, all courts followed 
the Frye test.  
 
However, seven decades later, problems with Frye’s general acceptance standard were 
becoming apparent.  In part science is developing very quickly now and the number of 
specialties and fineness of areas of science make determining the community which must 
“generally accept” the type of information increasingly problematic.  For these and other 
reasons, the Court in Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579, 
589(1986), articulated a set of factors to be used evaluate new scientific evidence.  The 
factors are:  (1) testing of the theory or techniques; (2) peer review (after publication); (3) 
error rate (known or potential); and (4) general acceptance in the relevant scientific 
community.  In applying the Frye test of general acceptance, the court would have 
examined all of these same factors, so it is, according to Professor Rice, basically the 
same test, or as Professor Rice phrased it, "Daubert is essentially Frye in drag."   
 
Professor Rice then posed the question of why we require science to have a 98% 
accuracy rate when we are determining culpability on the preponderance of the evidence 
and could we use a lower standard of reliability for scientific evidence in the legal 
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context?  Professor Rice insisted that scientists must become involved in the process to 
clarify for the lawyers what information makes sense to use in court, and what level of 
accuracy should be required for deciding what scientific evidence is sufficiently 
probative to use in court. 
 
 
 
PANEL DISCUSSIONS 
 
The panel discussions introduced the audience to examples of how remote sensing 
technologies are actually being applied today in decision-making.  Scientists complain 
that the policy community does not understand what can realistically be accomplished 
with remote sensing.  Using remote sensing data is neither a miracle cure nor an easy 
process and, while there are many exciting uses, there are many limitations as well.  The 
panel discussions were led by scientists and researchers who have used remote sensing 
data in novel ways and who candidly discussed the successes and difficulties they had 
encountered. 
 
Panel One: Permitting, Monitoring, and Enforcement Applications of Satellite Remote 
Sensing Data 
 
The first panel focused on the use of remote sensing data in permitting, monitoring, and 
enforcement of environmental regulations.  The three panelists were Ross Lunetta, a 
senior scientists with the US EPA currently working in the Landscape Categorization 
branch; William Burgess, Program Manager for the GIS Division of the Maryland 
Department of Natural Resources; and Michael Penders, President and CEO of 
Environmental Protection International. 
 
Ross Lunetta presented his recent research project entitled Landscape Characterization 
and Non-Point Source Nitrogen Modeling in Support of Total Maximum Daily Load 
(TMDL) Development in the Neuse River Basin, North Carolina.  He described his 
experience using advanced satellite remote sensor systems and GIS-based nutrient 
models to identify and assess terrestrial nitrogen inputs into the Neuse River Basin.  He 
explained that excessive nitrogen runoff into the Neuse Basin has been implicated as the 
causative agent responsible for excessive algal production, leading to hypoxia (O2 
depletion), and resultant fish kills that occasionally involve toxic algal Pfesteria-like 
blooms.  Using SPOT 4 multispectral (XS) and the Landsat 7 ETM+ (Enhanced Thematic 
Mapper Plus), the research area was classified (mapped) into categories such as urban, 
rural, agricultural, and woody vegetation.  Riparian buffer zones were mapped at a higher 
resolution because of their importance in regulating nitrogen entering the streams.  In 
addition to the satellite imagery, field data was collected on the ground to record physical 
and botanical measurements at specific plots that were located using differentially 
corrected real time (satellite broadcast) geographic positioning system (GPS).  Digital 
imagery data (camera) was also collected in the field and included:  panoramic, canopy, 
and riparian zone image documentation.   
 
The research goal was to provide a useable product to the people working on the 
development of nitrogen reduction strategies in North Carolina’s Neuse River Basin.  The 
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results of the study have provided detailed knowledge of nitrogen source and sink 
locations throughout the basin.  Efforts are currently underway by the State of North 
Carolina, local governments, and non-governmental organizations (NGOs) to develop 
comprehensive nitrogen reductions plan to reduce Neuse River Basin nitrogen loadings 
by thirty percent over the next five years.  
 
Bill Burgess discussed the application of satellite imagery and geographic information 
systems (GIS) at the Maryland Department of Natural Resources (DNR).  Since 1986, 
DNR has integrated remote sensing and GIS into its natural resource mapping, analysis 
and monitoring programs.  DNR has used this technology to assist personnel who are 
cleaning up oil spills; for wetlands permitting and inventory programs; property 
acquisition and easement programs; management planning; and for administrative 
enforcement of environmental laws.   
 
For its wetlands inventory, DNR created photo based wetland maps (color infrared) with 
photo interpreted wetland boundaries.  The data are used for large-scale guidance maps, 
environmental models, property assessments, species location, recreation applications, 
scientific research, and status and trends monitoring. 
 
Over the last two years, DNR has provided public access to its data products via a web-
based mapping system known as MERLIN Online.  There are several choices of map 
bases and theme data to meet varying resolution requirements.  After selecting a base 
map, data layers may be selected to overlay and information can be retrieved on 
particular features. 
 
DNR also works with other state and Federal agencies on special projects to solve 
specific management issues.  For example, a base map of Maryland’s wetlands may be 
overlaid with wetland change data derived from satellite imagery and then compared to 
development permits to observe wetland loss or change.  This can yield information such 
as whether the wetlands loss has been approved.  For example, if the permit location and 
change location coincide, a wetlands loss is likely due to monitored development.  On the 
other hand, an area with notable wetland losses and no permits may be indicative of a 
violation.  A field team could then be sent out to do an on-site inspection.  This low cost 
technology improves efficiency by providing an easily understood, dynamic, graphical 
representation of the area in question.  
 
Michael Penders, President of Environmental Protection International (EPI), presented a 
paper entitled The Hanging Chads of International Environmental Law: Towards the 
Better Use of Technology and Information Management to Detect Violations of 
International Agreements, Combat Transnational Crime, and Reform Environmental Law 
and Trade.  He discussed the emerging and potential applications for remote sensing and 
information management to monitor compliance with environmental laws, particularly 
those that implement international agreements.   
 
For example, better use of existing satellite imaging capacity can be use it can detect oil 
spills, monitor international shipping lanes, track shipments of hazardous wastes, and 
monitor wetlands. Several countries have already had successes.  The state of Western 
Australia tracked shipments of electronically tagged hazardous waste from cradle to 
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grave.  In Italy, historical data from a satellite to track the disappearance of a lake and 
learned it had been gradually filled with hazardous waste.  China has also integrated trade 
data and environmental regulatory information to detect illegal shipments of waste into 
the port of Hong Kong.   
 
Compared with some of these examples, the United States lags in the comprehensive use 
of remote sensing and other technologies for monitoring and enforcement.  However, the 
U.S. has used remotely sensed information to detect oil and waste dumping by ships and 
has integrated Customs, Trade, and EPA data to detect illegal shipments of 
chlorofluorocarbons (CFCs), in violation of the laws that implemented the Montreal 
Protocol. 
 
Penders stated that it is estimated that there is only a ten percent compliance rate with 
certain international treaties.  Allowing for monitoring compliance with remote sensing 
can only improve compliance rates, both through general deterrence and enabling 
governments to enforce these laws in specific cases. Also, providing for the integration of 
data from Customs, environmental agencies, and other sources, through link analysis or 
designing such an approach into the electronic reporting framework of the treaties or 
trade agreements themselves, will enable a whole new level of enforcement and therefore 
compliance with international environmental protection regimes, protecting both lawful 
trade and the environment. 
 
 
Panel Two: Resource Management Applications of Satellite Remote Sensing Data 
 
In the second panel, Dr. Elijah Ramsey, a senior staff member of the Spatial Analysis 
Branch of the USGS National Wetlands Research Center; Wynet Smith from World 
Resources Institute’s Global Forest Watch; and Anne Miglarese, Branch Chief of the 
Coastal Information Division at NOAA’s Coastal Services Center discussed some of their 
experiences using remote sensing data for resource management.  
 
Dr. Elijah Ramsey presented his recent research entitled Mapping the Occurrence and 
Spread of Marsh Dieback by Characterizing the Marsh Spectral Response at the Plant 
and Canopy Level with Hyperspectral and Temporal Remote Sensing Data.  He 
explained how the Remote Sensing Team (RST) at the USGS National Wetlands 
Research Center (NWRC) have used satellite data to identify and explain the causes of 
extensive areas of severe marsh diebacks that have been recently observed in the coastal 
areas of Louisiana.  Looking at leaf properties, canopy hyperspectral reflectance, and 
satellite broadband reflectance using Landsat 7 ETM+, researchers at NWRC located four 
impacted sites and one non-impacted site.  They conducted in situ data collection to 
obtain plant samples along transects that ran through both the healthy and dead marsh.  
The RST mapped the occurrence and spread of the marsh dieback and continues to 
monitor the area with the goal of detecting the onset of marsh dieback before irrevocable 
damage to the marsh occurs.   
 
The findings showed that the leaf structure and pigmentation changed from the healthy 
marsh to the dead marsh.  Using Landsat 7 ETM+ to study the canopy reflectance, 
researchers found that changes occurred in leaf optical properties.  They also noticed a 
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potential link between canopy reflectance and impact severity.  They found a decrease in 
reflectance from the dead to the healthy marsh.  They also connected remote sensing 
measurements to the changes in leaf pigments from the healthy to dead marsh.  The 
potential of establishing a link between canopy reflectance and impact severity seems 
promising.  The methodology devised by this study will be used to guide future detection 
and remediation efforts.   
 
Wynet Smith discussed the applications of remote sensing and geographic information 
system (GIS) technologies to forest monitoring projects.  Global Forest Watch (GFW) is 
project of World Resources Institute, a Non-Governmental Organization dedicated to 
public advocacy relating to resource management.  The GFW project includes an 
international data and mapping network that combines on-the-ground knowledge with 
digital technology to provide accurate information about the world's forests.  GFW tracks 
activities and actors in forest areas, monitors compliance, and provides data on the 
condition of the forest.  GFW mapping projects include:  mapping forested areas; 
compiling data sets on impacts of human activities on forests; mapping areas most 
threatened; and identifying roads and clearcuts.  GFW maps can be used for ecology 
conservation projects to determine whether the remaining forest resources of an area are 
large enough to sustain ecosystem functions; to be used as a wildlife corridor; and to 
preserve biodiversity.   
 
GFW has interactive GIS-based maps on their website.  The maps allow the user to select 
datasets (e.g.: political boundaries, water bodies, and county lines) for a specific part of 
the world, and overlay them with forestry data (e.g.: blocks of intact forest or forestry 
company licenses).   There is also a query function to get more information on certain 
areas.   
 
Ms. Smith also discussed the challenges and costs of this technology.  Obtaining or 
creating country maps created from satellite data is very expensive, ranging from $50 
million for a large country and $2 million for a small country, even if the data is free.  
Creating maps from satellite data is extremely resource intensive in that it requires high-
powered computers to store and process the data and specialized programming to process 
the data.  Furthermore, remote sensing data cannot stand alone, but must be combined 
with efforts such as GIS mapping and ground-truthing.  
 
Anne Miglarese represented the Coastal Information Services division of NOAA’s 
Coastal Services Center (CSC), an organization dedicated to linking people, information, 
and technology in the coastal zone.  The CSC employs the latest technologies, including 
geographic information systems (GIS1), airborne and satellite remote sensing, 
multimedia and data indexing, and search technologies, to develop efficient tools for 
coastal management and for the regulatory community.   
 
Ms. Miglarese noted that, in her experience, the main problem with remote sensing 
technology is that it is very difficult and expensive science and therefore not utilized very 
frequently at the state level.  A very low percentage of the staff has been trained to use 
remote sensing data, and little incentive exists for state employees to learn the highly 
specialized and complicated technology.  Furthermore, data distribution is a difficult 
issue because companies do not want to release technologies they have developed. They 
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prefer to license the specific information products developed with their technology.  
Licensing complicates scientific research because the licensed information is often 
prohibited from being shared with other researchers.  
  
However, there have been recent rapid advances in coastal research for which remote 
sensing has been crucial.  CSC is currently implementing the Ocean Planning 
Information Systems (OPIS) project to provide the coastal management community with 
access to regional geo-referenced regulatory and environmental spatial data critical to 
timely, integrated decision-making and analysis.   
 
Other ways the CSC has applied remote sensing data include: monitoring land cover 
change to determine the loss of wetlands, estuaries, and forests from development; using 
LIDAR to determine determining beachfront jurisdictional lines and beach setback lines; 
and finding and protecting unique resources like Carolina Bays.  CSC has also been able 
to use remote sensing technology to monitor algal blooms, and researchers are currently 
trying to develop a prediction system to forecast algal blooms.  
 
Ms. Miglarese expressed the willingness of CSC to introduce remote sensing data as 
evidence in a court.  Research has shown remote sensing data to be very accurate, and, 
although expensive, in many instances the costs outweigh the benefits. 
 
 
 
Summaries of Working Group Sessions and Conclusions 
 
Working Group One: Permitting, Monitoring, and Enforcement Applications for Satellite 
Remote Sensing Data 
 
The permitting, monitoring, and enforcement working group, led by Kenneth Markowitz, 
a member of the ELIS team and president of Earthpace, focused on determining the ways 
to use remote sensing data to improve decision-making.  The group evaluated numerous 
applications for remote sensing technology, many of which are already in use.  Decision 
makers may apply the technologies to assess ecosystem health, prioritize sites for 
inspections, monitor the spread of algal blooms and invasive species, track oil spills and 
other pollutant plumes, and otherwise administer domestic and international laws.  
 
The ability to combine remote sensing with computer simulation modeling and 
geographic information systems (GIS) will provide essential tools necessary to better 
understand and solve systematic problems ranging from the global, e.g., climate change, 
to smaller scale projects like flood and fire disasters.  Scientists may also use remote 
sensing, not only to forecast weather events, but in the development of scenarios to 
predict future impacts of our interactions with the environment, such as the release of 
alien compounds or our forest management policies.  
 
Remote sensing technology has considerable potential for use as a legal enforcement tool.  
Remote sensing can be used as a starting point to bring a case, whether or not the data is 
admitted as evidence.  For example, an inspector trying to decide which of ten facilities 
to inspect during a given year may use remote sensing to identify issues of potential 
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concern that may warrant further investigation.  Remote sensing may also aid 
enforcement attorneys trying to prove illegal discharge of pollutants in a court.  Remote 
sensing should be integrated into permitting and the environmental assessment processes 
as an effective way to monitor and verify compliance. 
 
Among the problems with the use of remote sensing identified by the group, one of the 
biggest problems was the communication gap between the scientists developing 
information and the end-user groups.  Although scientists are looking for applications for 
these advanced technologies and environmental decision makers would like to be able to 
use the data, the time and investment required to match information with application is a 
great deterrent.  Even excluding factors such as cost, lack of acceptance and inconsistent 
data formats and handling storage and management procedures create legal barriers to its 
widespread use.  
 
The group also discussed pieces that were vitally needed before developing new 
applications to solve information management problems.  The use of remote sensing must 
be discussed, not only between the scientists who are developing the tools and the 
decision makers who can create the applications to use the data in novel ways, but in the 
public opinion, in universities, in legislative and rulemaking bodies, and in local and 
federal agencies.  Workshops specific to a particular remote sensing application such as 
in an oil spill response or wetlands management bring together diffuse sources of 
information that should be encouraged and publicized.  
 
 
Working Group 2: Resource Management Applications for Satellite Remote Sensing Data 
 
Led by Durwood Zaelke (ELIS project member and President of CIEL) and Steven D. 
Jamar (consultant to ELIS and Professor of Law at Howard University School of Law), 
the participants of this working group focused on the resource manager's ideal request to 
the producers of the data.  The participants first identified many problems with the use of 
remote sensing technology in resource management.  Participants were concerned that 
research conducted with satellite data is driven by research funding and not by the need 
for practical applications.  This is problematic because research science functions by 
establishing a hypothesis from an observed event and then proceeding to evaluate the 
hypothesis as the research proceeds.  The aim is to validate a hypothesis and/or to 
develop new ones.  By contrast, resource managers want to use the data not to calibrate 
instruments or to develop new and better sensors or to demonstrate feasibility of 
methodologies, but rather to show what has happened and is happening on the ground.  
The resource managers and enforcement agencies have quite different mindsets from 
researchers.  Another disconnect arises from the questions being presented by the 
resource managers are too general to be used as a point of scientific research. Remote 
sensing efforts are directed at research, not at operational uses.  The system needs to shift 
towards including research that can be directed at practical applications. 
 
Another problematic issue is that of indicators.  To use remote sensing in resource 
management efficiently, it is necessary to define an indicator of the problem to be 
researched.  Identifying indicators that have an actual correlation to a specific event and 
that can be measured with remote sensing tools is a complex process.  It is possible for 
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some applications, however, as Dr. Ramsey demonstrated with the study of correlating 
leaf optical properties to marsh dieback.  But, to be effective, the system would probably 
need to be automated, and the consequent margin of error may be too great for use.  
 
After voicing some of the obstacles to using remote sensing for natural resource 
management, needs were identified and answers proposed.  According to Bill Campbell, 
NASA is beginning to focus its satellite programs on addressing user needs, rather than 
generalized data collection.  Resource managers should take this opportunity to determine 
what data would be useful and discuss their data needs with the technology developers.  
Scientists must define indicators to help automate the system to reduce production costs.  
Relative standards of accuracy, contingent on the actual use of the data, should be 
designed.   
 
Better education systems should be installed, both in colleges and for government user 
groups, and incentives should be implemented to motivate users to become familiar with 
the data.  Considerable technical support is necessary to connect remote sensing 
technologies with users for data interpretation, as well as locating the best data sources.  
Guidance must be established to help users understand the limitations of the data.  It is 
impossible for decision makers to use the current system without extensive training.  
Education is a twofold process: first, the data collectors should present the data in a way 
that laypeople understand it and second, laypeople should take the initiative to study 
remote sensing capabilities and data limitations, as well as to understand what are 
realistic expectations for the data.  
 
The working group recommended that a consumer guide and catalog should be created.  
This catalog would contain information about the data needed for specific applications, 
where to obtain the data, sufficient metadata to explain the data’s history, and how to 
acquire (including pricing information) existing value-added data.  A website that walks 
users through the steps from matching an application to data availability through the 
retrieval and processing of data requests should be established.  Background work 
varying from cost-benefit analyses of the use of remote sensing data to determining the 
ultimate needs of the actual users must be completed. 
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Satellites and Sensors discussed in this paper 
 
ETM+ — Enhanced Thematic Mapper Plus, the sensor carried aboard Landsat 7.  ETM+ 
is capable of 30-meter resolution and is primarily used for land use detection and forestry 
monitoring.  
 
IKONOS – a private commercial satellite capable of recording images in 1-meter 
resolution owned and operated by Space Imaging, Corp..  
 
Landsat – the U.S. Government’s primary earth observing satellite.  The first Landsat 
satellite was launched in 1972 and continuous observations have been made since then.  
Currently, Landsats 5 and 7 are in orbit.  
 
LIDAR – Light Detection and Ranging sensor.  Carried aboard airplanes, such as 
NOAA’s Twin Otter craft. 
 
MODIS – MODerate-resolution Imaging Spectroradiometer.  MODIS, one of Terra’s 
sensors, views the entire Earth's surface every 1 to 2 days and will contribute to 
understanding global processes occurring on the land, in the oceans, and in the lower 
atmosphere. 
 
MOPITT – Measurement of Pollution in the Troposphere.  Also a Terra sensor, designed 
to measure carbon monoxide and methane in the troposphere over the entire globe for 
five years. 
 
RADARSAT – a Canadian satellite that collects images using active radar, meaning that 
the sensor emits emit energy and records the ways in which the signal is returned to the 
sensor.  Satellites such as Landsat, Terra, IKONOS, SeaWiFS, and SPOT all carry 
passive sensors that collect data from energy that bounces off of the earth’s surface and 
atmosphere. 
 
SeaWiFS – Sea-viewing Wide Field-of-view Sensor.  Developed to provide global ocean 
bio-optical properties to the Earth science community. 
 
SPOT-4 XS – Satellite Pour l'Observation de la Terre.  SPOT is the French satellite first 
launched in 1986.  The most recent, SPOT-4, was launched in 1997.  The XS mode of 
SPOT-4 is a multispectral mode, capable of reading the electromagnetic spectrum in 
three bands: green, red, and infrared. SPOT-4 has a particular focus on vegetative indices.  
 
Terra – the first in a series of satellites designed to study the complexities of global 
change as part of NASA’s 15-year Earth Observation System (EOS). 
 
TOMS – Total Ozone Mapping Spectrometer 
 
TRMM – Tropical Rainfall Monitoring Mission 
 
UAV – Unmanned Aerospace Vehicle 
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Legal documents discussed in this paper 
 
Frye v. United States, 293 F. 1013 (9th Cir. 1923) 
 
The Treaty on Principles Governing the Activities of States in the Exploration and Use of 
Outer Space, including the Moon and Other Celestial Bodies (the "Outer Space Treaty," 
adopted by the General Assembly in its Resolution 2222 (XXI)) (opened for signature on 
27 January 1967, entered into force on 10 October 1967, 96 ratifications and 27 
signatures as of 1 February 2001) 
 
Dow Chemical Co. v. United States, 476 U.S. 227, 106 S. Ct. 1819, 90 L. Ed. 2d 226 
(1986).. 
 
The Principles Relating to Remote Sensing of the Earth from Outer Space (General 
Assembly Resolution 41/65 of 3 December 1986) 
 
United States Land Remote Sensing Policy Act, Pub. L. No. 102-555, 106 Stat. 4163 
(1992) 
 
Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993) 
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Biographies of the Speakers 
 
 
Dr. Jeff de la Beaujardiere: NASA-GSFC 
Dr. Jeff de la Beaujardiere is a computer scientist at NASA Goddard Space Flight Center.  
His interests include innovative applications of the Internet for accessing geospatial 
information, educational and scientific uses of the World Wide Web, and interoperability 
standards for distributed computing systems.  As part of NASA's Digital Earth Office, 
Jeff works to define the technical foundations of Digital Earth (DE) and to enable other 
organizations to include their geospatial information or services in DE.  He is active in 
the OpenGIS Consortium Web Mapping Testbed and editor of two pending specification 
documents.  Previously, he was lead internet software developer for the GLOBE 
Visualizations Project and the Public Use of Remote Sensing Data Program.  Jeff de la 
Beaujardiere received his Bachelor's degree in physics from the University of California 
at Berkeley in 1985 and his Doctorate in astrophysics from the University of Colorado at 
Boulder in 1990. 

 
Bill Burgess: Maryland Department of Natural Resources  
Bill graduated from the University of Maryland in 1974, with a BS in Water Resources 
Management from the College of Agriculture.  In addition, he attended the Government 
Executive Institute that is sponsored by the Aspen Institute and the College of Business at 
the University of Maryland.  He first began working with GIS and remote sensing 
technologies in 1986, to support a new tidal wetland inventory for the State of Maryland.  
He maintained the mapping efforts while managing several environmental regulatory 
permit programs and administrative law enforcement activities for the Department until 
1995, when he became Program Manager for the Geographic Information Services 
Division.  Bill is an active member, and past Chair, of the Maryland State Government 
Geographic Information Coordinating Committee (MSGIC).  He also serves on the Board 
of Directors and been an active member of the National States Geographic Information 
Council (NSGIC) since 1993, for which he chairs the NASA Liaison Committee in 
addition to working as editor of NSGIC News and serving on the conference and 
communications committees.  
 
William Campbell: NASA-GSFC 
William J. Campbell is the Head of the Applied Information Science Branch at NASA 
Goddard Space Flight Center. The Branch is responsible for the development of 
intelligent information and data management value-added systems. The areas of 
concentration are in user interfaces, visualization/virtual reality, image compression, 
segmentation and automatic registration, automated data cataloging and characterization, 
advanced data structures, knowledge acquisition and distributed computing. The Branch 
is also responsible for developing low-cost, highly efficient satellite direct readout 
capabilities and unmanned autonomous vehicle and hyperspectral sensor development. 
His previous work at GSFC concentrated on development of large-scale data information 
systems for Earth science and on the integration and modeling of satellite remote sensing 
data into geographic information systems. He also served five years as the manager of 
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NASA's Eastern Regional Remote Sensing Center's remote sensing training program and 
has over 60 publications relevant to his work experience.. He has a MS degree in 
Physical Geography from Southern Illinois University, BS in Physical Geography, 
Kutztown University and a degree in Business Management from Penn State University. 
He has lectured at for 10 years as an Associate Editor for the Photogrammetric 
Engineering and Remote Sensing Journal, and has served as a member of the Committee 
on Information, Robotics, and Intelligent Systems, and Human Centered Systems for the 
National Science Foundation and as a Committee Member of the National Resource 
Council of the National Academy of Sciences. He is the recipient of over 30 NASA 
awards including NASA's Exceptional Achievement Medal. He has been working at 
Goddard for 22 years.  
 
Prof. Joanne Gabrynowicz:  Professor of Law and Director of the National Center 
for Remote Sensing and Space Law  
Joanne Irene Gabrynowicz is currently a Professor of Law and the Director of the 
National Center for Remote Sensing and Space Law at the University of Mississippi Law 
Schol.  Prof. Gabrynowicz received her Juris Doctor degree from the Yeshiva University 
Cardozo School of Law and her B.A. in history and literature from Hunter College of the 
City University of New York.  Prof. Gabrynowicz was the managing attorney of a law 
firm and practiced law in NYC for seven years. She publishes and speaks regularly on 
space and remote sensing law.  In 1994-95, she was awarded a NASA/American Society 
of Engineering Education Summer Faculty Fellowship from Goddard Space Flight Center 
where she also served as the 1997 Dean of the NASA Space Academy. In 1996, she 
received a research fellowship from the USGS EROS Data Center. In 1999, the 
International Institute of Space Law invited Prof. Gabrynowicz to present the remote 
sensing law position paper at the Third UN Conference on the Exploration and Peaceful 
Uses of Outer Space. Currently, Prof. Gabrynowicz is the organizer and chair of the 
Federal Advisory Committee for the National Satellite Land Remote Sensing Data 
Archive. Prof. Gabrynowicz is a member of the International Institute of Space Law and 
has presented her work to that organization as well as the Federal Bar Association, the 
Association of American Law Schools, the Space Studies Institute, and the Lunar and 
Planetary Institute. 
 
Prof. Steven Jamar: ELIS, Howard University School of Law 
Professor Jamar joined the law faculty as the Director of the Legal Research & Writing 
Program in 1990, a position he still holds. In addition to performing his LRW Program 
responsibilities, Professor Jamar teaches International Law of Human Rights and 
Computer Law. Other school-related responsibilities include chairing the Goler Teal 
Butcher Human Rights Writing Competition Committee and acting as the faculty advisor 
for the HUSL International Moot Court Team. He was the co-chair of Howard 
University's Distance Education Task Force and the primary author of Task Forces' report 
and recommended distance education policy.  Professor Jamar is a past President (1997-
98) of the Legal Writing Institute, an international organization of legal writing teaching 
professionals.  He has consulted internationally on issues concerning intellectual property 
and human rights and has appeared as an expert on freedom of religion on CNN and local 
television.  Professor Jamar was the co-chair of the ALWD Oversight Committee that 
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supervised the creation of the ALWD Citation Manual (Aspen Law & Bus. 2000), which 
appears to be well on its way to ultimately displacing the Bluebook in many settings.  
Professor Jamar acts as a consultant to NASA on the ELIS (Environmental Legal 
Information System) project.  Professor Jamar is also consulting with the Library of 
Congress on its GLIN (Global Legal Information Network) project. 
 
Ross Lunetta: Environmental Sciences Division, US Environmental Protection 
Agency   
Ross S. Lunetta is a Senior Environmental Scientist with the U.S. Environmental 
Protection Agency, National Exposure Research Laboratory (NERL) in Research 
Triangle Park, North Carolina.  Academic work has included both a Bachelor and Master 
degrees in Biology from Northern Michigan University, post-masters work in aquatic 
ecology at Wayne State University, and remote sensing and GIS at Eastern Michigan 
University and the Environmental Research Institute of Michigan (ERIM).  He currently 
serves as the Acting Chief for the Laboratory’s Landscape Characterization Branch, and 
as the Team Leader for the land-cover characterization and change detection research 
program within the NERL.  Research interests include the application of advanced 
remote sensor technologies for environmental monitoring and the study of ecosystem 
processes.  Previous positions have included serving as Director for the development of 
the North American Landscape Characterization (NALC) interagency Landsat Pathfinder 
Program, and Senior Science Advisor at EPA’s Region 10 Office in Seattle, Washington.  
He has authored over 30 technical publications, numerous book chapters, and a book 
titled Remote Sensing Change Detection: Environmental Monitoring Methods and 
Applications.        

  
Kenneth Markowitz: ELIS, Earthpace LLC 
Ken Markowitz is an attorney and web consultant who is developing several applications 
to connect remote sensing data with environmental law.  After ten years as a practicing 
attorney on environmental issues in both the public and private sectors, Ken formed 
EarthPace in January 2000. Ken served as a senior counsel to the United States 
Environmental Protection Agency, Region III. For his work, EPA recognized him with 
several national honors including the Silver Medal for Excellence in Government (1994) 
and the attorney on the National Superfund Team of the Year (1993) for the 
implementation of innovative legal approaches to rapid, defensible enforcement in 
emergencies such as petroleum and hazardous waste spills.  Ken also practiced with the 
international law firm of Kilpatrick Stockton LLP, where he gained experience with 
pollutant trading programs, watershed planning, and project finance for environmental 
technologies, and with Hall and Associates, where he served as expert regulatory counsel 
for municipal and corporate clients in over 30 states, focusing on water law.  Ken earned 
a BBA in finance from Emory University 1985 (Goizueta Business School) and a JD 
from the Washington College of Law (WCL), American University 1989, where he was 
an editor of the Journal of International Law and Policy and a dean's fellow in corporate 
tax.  Ken is a member of the New Jersey and District of Columbia bar associations.   Ken 
manages the Law and Technology program for CIEL, the premiere International public 
interest environmental law firm. He has served as a member of the Adjunct Faculty at 
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WCL, teaching water and wetlands law, and is on the curriculum advisory board for 
WCL's international LLM program. 

 
Anne H. Miglarese: Coastal Information Services division, NOAA’s Coastal 
Services Center  
Anne Hale Miglarese is chief of the Coastal Information Services branch of the NOAA 
Coastal Services Center. As the division's leader, Miglarese oversees four national 
information- and technology-based programs, with a staff of 70 information system 
professionals and physical and social scientists.  Staff within the division accomplish 
Center goals by using the latest technologies, including geographic information systems 
(GIS), airborne and satellite remote sensing, multimedia and data indexing, and search 
technologies. Each program works to provide data, information, and technology tools to 
coastal resource managers to assist them in their daily resource management and 
allocation decisions.  Miglarese has worked in the private sector as an environmental 
consultant specializing in permit acquisition and regulatory compliance for the Clean 
Water and National Environmental Policy Acts. She also has worked for numerous South 
Carolina state agencies, including the Department of Health and Environmental Control, 
the Water Resources Commission, the Budget and Control Board, and the Department of 
Natural Resources.  Miglarese is the chairwoman of the Coastal and Marine Spatial Data 
Subcommittee of the Federal Geographic Data Committee, and she represents the United 
States Department of Commerce on the Civilian Application Committee.  Miglarese 
earned her bachelor's and master's degrees in geography from the University of South 
Carolina, and she is a graduate of the Executive Institute and Leadership South Carolina. 

 
Mike Penders: Environmental Protective International 
Michael J. Penders is the President and CEO of Environmental Protective International 
(EPI), a new multidisciplinary consulting firm headquartered in Washington D.C., with 
offices in New York, Phoenix, and Rome.  EPI provides consulting services involving the 
application of environmental information technologies, and their use in investigations and 
management systems.  Before forming EPI, Mr. Penders was Director of Legal Counsel 
with the U.S. EPA Office of Criminal Enforcement and Chairman of the G8 Nations’ 
Environmental Crime Project, which came to focus on international collaborative in the 
use of remote sensing and information technologies to detect violations of international 
environmental laws. 
 
Dr. Elijah Ramsey: Spatial Analysis Branch, NWRC/USGS  
Elijah W. Ramsey is a senior staff member in the spatial analysis branch of the USGS’s 
National Wetlands Research Center in Lafayette, Louisiana.  Dr. Ramsey’s interests 
focus on remote sensing, light reflectance, light attenuation, satellite imagery, and image 
processing.  He has conducted research on the development of physical and statistical 
models--incorporating remote sensing techniques and geographic information system 
designs--that better define wetland and coastal ocean processes on a local, regional, and 
worldwide basis.  Dr. Ramsey received his Ph.D. in 1988 in Geography from the 
University of South Carolina.  
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Prof. Paul Rice: Professor of Law, Washington College of Law at American 
University 
Paul R. Rice is a graduate of the Yale Law School and has been a professor of law at the 
American University, Washington College of Law for 26 years.  He has written a number 
of book and articles on various topics of procedure and evidence law.  His latest book is 
Best Kept Secrets of Evidence Law: 101 Principles, Practices & Pitfalls (Anderson 
2001).  He is a regular contributor to The Legal Times and the National Law Journal.  He 
teaches from his own text, P. R. Rice, EVIDENCE: Common Law and Federal Rules of 
Evidence (4th ed. 2000).  He has written two treatises on the attorney-client privilege, 
P.R. Rice, Attorney-Client Privilege in the United States (West Group 2d ed. 1999) and 
P.R. Rice, Attorney-Client Privilege: State Law (Rice Publishing 2000). With Judge 
Wayne Brazil and Professor Geoffrey Hazard he also has authored Managing Complex 
Litigation: A Practical Guide to the Use of Special Masters (Am. Bar Foundation 1983).  
He was a special master in U.S. v. AT&T (the government’s divestiture action), Southern 
Pacific Communications Corp. v. AT&T (a private antitrust action), and In re Amoxicillin 
(a multi-district patent infringement and anti-trust action).  He is the Director of the 
Evidence Project at the Washington College of Law. 
 
Ms. Wynet Smith: Global Forest Watch, World Resources Institute  
Wynet Smith joined GFW in July 1999 in the position of North America Project 
Manager.  In this position, she helps coordinate the activities of Global Forest Watch 
Canada, working closely with Canadian partners. She is the Project lead at GFW for the 
intact mapping project for both Canada and the United States.  Before coming to WRI, 
Ms. Smith spent four and a half years doing research, planning and management with 
aboriginal and co-management organizations in the Northwest Territories. She has 
experience in environmental policy analysis as well as a technical background in remote 
sensing and GIS.   Ms. Smith has also worked in Kenya, Tanzania, Thailand and China.  
Ms. Smith has a M.S. in Physical Geography from McGill University in Montreal.  Ms. 
Smith is also a LEAD Fellow, an international network of professionals working on 
sustainable development issues. 

 
Durwood Zaelke: ELIS, CIEL, WCL 
Durwood J. Zaelke is the President and founder of CIEL. He is also an Adjunct 
Professor of Law, Scholar-in-Residence, and Co-Director of the Research Program on 
International and Comparative Environmental Law at The American University 
Washington College of Law, where he teaches International Environmental Law, 
International Environmental Dispute Resolution, International Environmental 
Institutions, and International Air Pollution Law. He also has taught in the University of 
Nairobi/Widener summer program in Kenya and the Duke Law School/Free University 
of Brussels program in Brussels.  Mr. Zaelke was appointed Visiting Lecturer in Law at 
Yale Law School in 1999, where he teaches International Environmental Law and 
Policy.  From 1980 to 1989, Mr. Zaelke was with the Sierra Club Legal Defense Fund, 
where he served as the Director of the International Program, as well as the Director of 
the Washington, D.C. and Alaska offices. From 1978 to 1980, Mr. Zaelke was a special 
Litigation Attorney with the U.S. Department of Justice in the Environment and Natural 
Resources Division, where his responsibilities included designing the federal 
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government's initial hazardous waste enforcement strategy. From 1975 to 1978, Mr. 
Zaelke was a staff attorney with the Environmental Law Institute. Prior to that he was in 
private practice in Los Angeles. He graduated from the University of California, Los 
Angeles in 1969, and from Duke Law School in 1972, where he was an Editor of the 
Duke Law Journal. 

 
 


