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and sported solar cells mounted atop its 100-foot-long wing
to power the propellers. The “Pathfinder” began flight oper-
ations in the fourth quarter of FY 1995 and achieved a solar-
p o w e red world altitude re c o rd of 50,500 feet.

In a cooperative eff o rt with the Orbital Sciences
Corporation, re s e a rchers equipped an L-1011 transport
a i rcraft with 1,000 “tufts” resembling small pieces of string or
t h read on top of the right wing. The aircraft will be used for
re s e a rch to optimize the deflection of wing flaps during cru i s e
flight. In a separate flight re s e a rch activity, investigators
demonstrated Propulsion Controlled Aircraft (PCA) tech-
nology in-flight on an MD-11 airliner. The PCA system was
developed to provide the pilot with a way to fly an aircraft if
its normal flight controls were disabled by modulating engine
t h rust to control the flight path of an aircraft. Researc h e r s
continued to develop the PCA concept as a result of several
airplane crashes in which the hydraulic systems, used to
power the flight controls, became disabled.

The NASA Short Ta k e o ff and Ve rtical Landing
( S T OVL) technology program was conducted in support of
the DoD JAST program. The first element of the NASA
p rogram involved the Ve rt i c a l / S h o rt Ta k e o ff and Landing
(V/STOL) Systems Research Aircraft (VSRA) Harr i e r
a i rcraft, equipped with an integrated flight propulsion contro l
system, cockpit controls, and display systems. During FY
1995, investigators completed most of their re s e a rch tests.
NASA personnel enhanced technology transfer by inviting
i n d u s t ry engineers and pilots to participate in the flight
experiments and the ground-based simulations. A second
major element of the STOVL program consisted of aerod y-
namic testing at NASA re s e a rch facilities of the STOV L
configurations and components. Researchers designed these
tests to help the JAST program select two contractor teams
for the next phase of the pro g r a m .

The NASA High Perf o rmance Computing and
Communications (HPCC) off i c e ’s primary role in the Federal
HPCC program includes leading the development of applica-
tions software and algorithms for scalable parallel computing
systems, which will increase system perf o rmance to the
sustained teraFLOPS (101 2 floating point operations per
second) level for NASA applications. NASA continued to
develop and evaluate high-perf o rmance computing, commu-
nications, and information technologies and to effect the
transfer of these technologies into use for national needs.
NASA made pro g ress toward solving its “grand challenge”
re s e a rch problems in areas such as aerospace vehicle design,

remote communications, and Earth science. NASA HPCC
personnel also continued their re s e a rch in distributed high-
p e rf o rmance computing using high-perf o rmance worksta-
tions. The objective of this re s e a rch is to dramatically
d e c rease the costs of many high-perf o rmance computing
re q u i rements while ensuring reliable perf o rmance on work-
stations in diverse geographic locations.

The Information Infrastru c t u re Technology and
Applications (IITA) component of the HPCC pro g r a m
continued to broaden the pro g r a m ’s public outreach and
f u rt h e red the development of a Global Inform a t i o n
I n f r a s t ru c t u re (GII) by supporting re s e a rch and development
in education, digital library technology, and access to Eart h
and space science data. The IITA eff o rts comprise the devel-
opment of critical information technologies and the applica-
tion of these technologies to the “national challenge” pro b-
lems to which the application of HPCC technology can
p rovide large benefits to all Americans. Accomplishments in
I I TA during FY 1995 include the opening of a new Intern e t
World Wide Web site called “The Observatorium” to assist
students, teachers, and re s e a rchers in accessing many of the
applications, technologies, and data bases developed by
NASA for use on the Internet in new and stimulating ways.
Many of the new digital library technologies developed in the
I I TA eff o rts have begun to be demonstrated in new re m o t e -
sensing data base applications and have proven to be valuable
to furthering GII development, especially for kinderg a rt e n
t h rough grade 12 education.

The Computational AeroSciences (CAS) component of
the HPCC program supported the installation of sophisti-
cated new computers at ARC. These new systems have
augmented other scalable parallel computers to pro v i d e
re s e a rch platforms for systems software, virtual wind tunnels,
and other aerospace and manufacturing projects. The success
of these CAS projects has led to significant enhancements in
design support and computer simulation of aerod y n a m i c
p e rf o rmance and, there f o re, should lead to more efficient and
c o s t - e ffective aircraft and spacecraft design.

The numerical aeronautics simulation facility at ARC
continued its improvements during FY 1995 in support of
advanced re s e a rch re q u i rements in the aeronautics commu-
n i t y. Many aerospace industry leaders already have attrib-
uted major cost savings to bre a k t h roughs in this facility,
which is considered to be the Nation’s model for future high-
p e rf o rmance computer centers.

The Navy and the Marine Corps continued to develop
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p o rtation system in the United States.
FAA personnel continued their work on the multi-

element Te rminal Air Tr a ffic Control Automation
( TATCA) program, which provides computer automation
to assist controllers in traffic flow management in the
airspace surrounding major airports. This automation tech-
nology benefited users through improved airspace capacity,
reduced delays, fuel savings, and enhanced contro l l e r
p rod u c t i v i t y. The Converging Runway Display Aid
(CRDA) component of TATCA allows continued use of
p a i red aircraft on intersecting runways during instru m e n t
m e t e o rological conditions. After successfully implementing
CRDA at six airports, FAA personnel proceeded to adapt it
for five additional terminal facilities. During FY 1995, engi-
neers completed the first re s e a rch and development phase
of the controller automated spacing aid, which enhances
CRDA capabilities to separate precisely aircraft that are on
m e rging paths. The third main element of TATCA is the
C e n t e r-TRACON Automation System (CTAS), a package
of software components that was developed by the FA A
and NASA. The CTAS design strategy shifted from indi-
vidual software development to an integrated packaging
a p p roach with other traffic flow management prod u c t s .
FAA personnel would like to integrate CTAS with other
t r a ffic flow management systems, such as the automated
e n route air traffic control system, the depart u re sequencing
p rogram, the surface movement advisor, and the traff i c
management system. 

NASA and United Airlines conducted flight tests to
evaluate and validate a software tool called the Descent
A d v i s o r, one of the elements that make up CTAS. CTA S
i n c reases the efficiency of air traffic control by giving flight
c o n t rollers a better awareness of traffic flows. NASA’s
Boeing 737 TSRV flew 24 CTAS test runs in the Denver
t e rminal area to identify and quantify sources of pre d i c t i o n
e rrors in the Descent Advisor software and to investigate
guidance concepts for a new flight management system.
Technicians equipped the aircraft with air data and naviga-
tion systems that measured the airc r a f t ’s location and flight
condition to accuracies not possible with current air traff i c
c o n t rol radars. All participants, including airport flight
c o n t rollers, the FAA, airport management, and NASA
w e re enthusiastic about the system and the test re s u l t s .
Investigators perf o rmed the CTAS flight tests under a joint
re s e a rch and development eff o rt involving the FA A ,
N A S A’s ARC and LaRC, the National Center for

Atmospheric Research, several aerospace contractors, and
United Airlines.

The FAA re q u i red the Tr a ffic alert and Collision
Avoidance System (TCAS) I, a low-power system that
p rovides alerting and unrecommended escape maneuvers, in
t u r b i n e - p o w e red commercial airplanes with 10 to 30 passen-
ger seats by the end of 1995. Public Law 100–236 alre a d y
re q u i red that all air carrier aircraft with more than 30 passen-
gers seats, operating in U.S. airspace, be equipped with
TCAS II. TCAS II alerts the pilots to traffic and advises
whether to climb or descend when a potential conflict
occurs; pilots have re p o rted that the system has alre a d y
p revented midair collisions. In FY 1995, the FAA continued
to monitor the technical and operational perf o rmance of
TCAS I and TCAS II and to make adjustments as necessary.

The FA A’s Te rminal Area Surveillance System pro g r a m
p rovided a single-system replacement for the current mix of
multiple aircraft and weather terminal surveillance systems.
In FY 1995, that program conducted re s e a rch on, and tech-
nology demonstrations of, design concepts expected to
p rovide enhanced capabilities to increase capacity, eff i c i e n c y,
and safety. Focus areas included seamless surveillance, timely
h a z a rdous weather prediction and detection, and full-volume
coverage while providing for lower maintenance costs and
a c c o m m odating site-specific needs. The FAA also completed
a cost-benefit analysis of alternative concepts and began cost-
p e rf o rmance trades and simulations for an S/C-band single-
a rray radar design. In addition, the FAA began an evaluation
of Russian phased-array technology and U.S. computer hard-
w a re / s o f t w a re technology and began trade studies on a radar
for low- and medium-density airport s .

During FY 1995, FAA personnel expanded the To w e r
Data Link Service to a total of 57 airports. Demonstrations
of Graphical Weather Services and Tr a ffic Inform a t i o n
S e rvices begun in 1995 are to lead to a regional evaluation
p rogram and then national implementation. FAA person-
nel also demonstrated Te rminal Weather Information for
Pilots at six sites. In addition, FAA managers defined the
re q u i rements for the Initial Te rminal Data Link and autho-
rized the development of software. The development of the
Key Site in the Gulf of Mexico to support Automatic
Dependent Surv e i l l a n c e – B roadcast (ADS-B) using GPS
Squitter signals continued as well. FAA personnel also
worked toward the development of U.S. and intern a t i o n a l
s t a n d a rds for controller/pilot data link communications to
s t a n d a rdize interfaces for digital messages for air traff i c
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communications services, helping to relieve pilot and
c o n t roller workload while reducing voice channel conges-
tion. In addition, the FAA supported the development of
the context management applications, which enable
a i rcraft and ground systems to maintain up-to-date addre s s-
ing information while an aircraft is in flight.

During the fiscal year, the FAA began end-to-end testing
of the prototype oceanic data link by testing an air traff i c
s e rvices interfacility data communications system as a pro t o-
type for gro u n d - t o - g round data link communications
between adjacent Flight Information Regions. Additionally,
the Department of Air Tr a n s p o rt for the Russian Federation
a g reed to permit the FAA to install a prototype air traff i c
s e rvices interfacility data communications system in the
Russian far east and connect it to the Anchorage Air Route
Tr a ffic Control Center. The FAA also participated in the
development of dynamic aircraft route planning capability in
the South Pacific for the re routing of aircraft in midflight. 

During FY 1995, the FAA Technical Center in Atlantic
City provided national airspace simulation capability support
for developing operational pro c e d u res for the New York Air
Route Tr a ffic Control Center. This is to accommodate the
anticipated change from a 2,000-foot to a 1,000-foot vert i c a l
separation standard in the North Atlantic Minimum
Navigation Perf o rmance Specification airspace. Air traff i c
c o n t rollers are faced with the problem of positioning airc r a f t
between portions of airspace in which various vertical sepa-
ration minima apply, coupled by the lack of radar coverage in
the transition areas. 

The FAA Technical Center also assisted in validating
p ro c e d u res for the use of TCAS as an aid in ensuring
adequate separation between a pair of same-route oceanic
a i rcraft at diff e rent altitudes to allow the trailing aircraft, at a
lower altitude than the leading aircraft, to climb to an alti-
tude above the leading aircraft with less along-track separa-
tion than normally re q u i red under International Civil
Aviation Organization pro c e d u re s .

During FY 1995, the FAA Technical Center and the
Integrated Product Team for Aircraft and Avionics deter-
mined whether the display of both indicated air speed and
g round speed for a leading aircraft is needed by the crew of
a trailing aircraft to maintain station during an instru m e n t
a p p roach. This study supported the FAA initiative re g a rd-
ing pilot situational awareness when operating in a station-
keeping mode during final approach. These supported the
Minimum Aviation System Perf o rmance Standards for

ADS-B technology, which provides position and air speed
i n f o rmation to the trailing airc r a f t .

In addition, the FAA Technical Center National
Simulation Capability worked toward defining and develop-
ing a common set of air traffic communication protocols and
s t a n d a rds and a highly reliable network arc h i t e c t u re to
s u p p o rt large-scale human in-the-loop simulations. DoD
assisted in defining an Air Tr a ffic Control Simulation
P ro t o c o l .

Weather-Related 
Aeronautical Activities

In the area of weather services, personnel from the FA A
continued to develop the Integrated Te rminal We a t h e r
System (ITWS) to provide short-range forecast and warn-
ing notices for pilots and air traffic controllers. The ITWS
p rototype tests at the Orlando and Memphis airport s
continued, and a new test location at Dallas/Fort Wo rt h
went into operation. As a result of the prototype successes,
the FAA made a decision to proceed with the full-scale
development of an operational ITWS. Under its weather
re s e a rch initiative, the FAA combined re s o u rces with
NOAA to award a contract for the development of a water
vapor sensing system. United Parcel Services, Inc., agre e d
to have its aircraft carry these sensors and downlink the
data for use in computer weather forecasting. Scientists
expect that frequent observations of water vapor aloft will
enable them to make significant advances in icing and
s t o rm forecasting. In FY 1995, in cooperation with
N O A A’s Forecast System Laboratory, FAA personnel
conducted an operational evaluation of an in-flight icing
f o recast tool at the Aviation Weather Center. In addition,
scientists from the National Center for Atmospheric
R e s e a rch conducted a field evaluation of ground de-icing
and a snowfall computer tool at the Denver airport. The
advances achieved by these investigators were transferre d
to industry via a series of cooperative re s e a rch and devel-
opment agre e m e n t s .

In the area of icing, FAA personnel completed a re p o rt
summarizing the latest re s e a rch on icing conditions in fre e z-
ing drizzle. The re p o rt recommended interim test conditions
for evaluating the susceptibility of aircraft to icing in fre e z i n g
rain and drizzle. In cooperation with NASA, FAA engineers
continued to develop techniques for recognizing susceptibil-

4 8 Ae r ona u t i c s  a n d  S pac e  R epor t  o f  th e  P r es ide n t



ity to ice-induced tailplane stalls during icing cert i f i c a t i o n
testing, as well as simulation and analytical techniques fro m
which to design and test ice-protection systems. FAA person-
nel began work on a new update of the A i rcraft Icing

Handbook, adding new information on the hazards of flight in
l a rge supercooled droplets. FAA re s e a rchers continued their
investigation of technologies for ground de-icing and anti-
icing fluids, their optimal application pro c e d u res, holdover-
time guidelines, and associated aerodynamic effects. FA A
personnel also undertook re s e a rch, development, and evalu-
ation of surface ice detectors and related technologies. As
p a rt of a cooperative eff o rt with United Airlines, FAA scien-
tists evaluated a surface ice detector system.

FAA managers commissioned Te rminal Doppler We a t h e r
Radar systems in Denver, Memphis, St. Louis, and Kansas
C i t y, Kansas, during FY 1995. These systems provide for the
timely detection of hazardous windshear in and near airport
t e rminal approach and depart u re corridors and re p o rt that
i n f o rmation to pilots and contro l l e r s .

During FY 1995, FAA managers also renewed the lease of
the Meteorologist Weather Pro c e s s o r, with an option to
continue the lease until the future deployment of the re p l a c e-
ment Weather and Radar Processor system. This technology
re f reshment was necessary to accommodate the GOES-8 and
GOES-9 weather satellites, changes to the National We a t h e r
S e rvice communications, and a variety of format changes
made to weather products that the FAA re c e i v e s .

FAA personnel implemented a Wake Vo rtex pro g r a m ,
which includes a joint eff o rt with their NASA and industry
colleagues to obtain site-specific capacity gains thro u g h
p rocedural changes in sensor evaluation. Engineers
completed the development of the Wake Vo rtex Tr a i n i n g
Aid, which addresses vortex issues from the viewpoint of
both the pilot and air traffic contro l l e r, and distributed
several thousand copies to the FAA and industry. In concert
with DoT’s Volpe National Tr a n s p o rtation System Center in
Cambridge, Massachusetts, FAA personnel established an
automated Ground Wind Vo rtex Sensing System at Kennedy
A i r p o rt in New York to monitor vortex translation in vary i n g
m e t e o rological conditions and to evaluate new vortex detec-
tion sensors. Technicians completed testing with corre l a t e d
v o rtex detection of a radar-acoustic sensor using that system.
FAA specialists also worked closely with British officials to
analyze valuable aircraft separation data from Heathro w
A i r p o rt in London. The British re p o rting system has become
a model for a proposed re p o rting system in the United States

to provide a more useful data base of vortex encounters.
In an attempt to counter increasing congestion and

delays at major airports, NASA managers initiated the
Te rminal Area Productivity program with the goal of safely
and aff o rdably achieving clear-weather capacity in instru-
ment weather conditions. To determine safe aircraft separa-
tion standards, NASA re s e a rchers conducted numero u s
tests and investigations, such as an eff o rt to identify and
mathematically model wake vortices. In June 1995, scien-
tists and engineers at LaRC validated a two-dimensional
wake vortex model, which provided a theoretical basis for
d e t e rmining the proper spacing between aircraft during
their approach to an airport to avoid the wake vort e x
p roduced by preceding aircraft. In another development,
NASA personnel defined the concept for a new computer
system to assist flight controllers, called the Aircraft Vo rt e x
Spacing System. To enhance flight operations and safety of
a i rcraft on the ground, flight crew members used ARC’s
747-400 full-mission simulator to evaluate their ability to
navigate during ground taxi operations under various visi-
bility conditions. In addition, the flight crews evaluated a
t h ree-dimensional auditory display system for ground oper-
ations, which embodied a computer-generated voice that
p rovided verbal warnings of impending collisions with
other aircraft or vehicles. Each of the 12 flight cre w s
s t rongly aff i rmed that the auditory alert feature should be
included in any future ground navigation system.

Flight Safety and Security

During FY 1995, engineers from the FAA worked to find
acceptable fire extinguishing systems without halon,
because the production of halon agents was outlawed in
e n v i ronmental regulations. FAA personnel also prod u c e d
an interagency task force re p o rt for halon alternatives. In
addition, FAA technicians completed testing of seat cush-
ion fire blocking layers and developed a fire test method for
airliner blankets. The tests showed that these materials,
used by U.S. carriers, retain their fire resistance after serv i c e
usage and remain compliant with FAA standards, but that
some blankets have poor ignition resistance. In addition,
FAA specialists conducted tests related to fire - h a rd e n i n g
materials to delay fuselage burn t h rough by a postcrash fuel
f i re. Finally, the FA A - s p o n s o red International Materials
F i re Test Working Group drafted an upgraded A i rc r a f t
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Material Fire Test Handbook. 

In FY 1995, FAA personnel continued to address the
flight safety issues raised by incorporating advanced digital
systems software into aircraft and avionics systems design.
Together with their NASA colleagues, FAA re s e a rc h e r s
initiated projects to assess software re q u i rements for flight-
critical applications (such as fly-by-wire, fly-by-light, and
p o w e r- b y - w i re) and integrated modular avionics systems that
use software partitioning to protect separate applications
f rom corrupting one another.

In the area of airport visual guidance, FAA specialists
completed a study for improving taxiway holding position
lights and developed new perf o rmance standards. The FA A
also issued final re p o rts on improved pavement marking
materials and the use of re t ro - reflective beads in airport pave-
ment marking.

During FY 1995, re s e a rchers from the FA A’s Airport
Pavement Research program worked on developing advanced
pavement design methodologies. In a related matter, the
FAA issued an RFP to design and build the first national
a i r p o rt pavement test facility. Using planes of various sizes
and tire configurations, FAA specialists completed the cali-
bration of a complex system of almost 500 sensors that are
being used to collect data in a real-time mode, providing the
first means of obtaining accurate information on pavement
response and perf o rmance. FAA personnel established a data
base to allow airport pavement re s e a rchers worldwide to have
access to the data collected. FAA engineers introduced the
l a y e red elastic design method that provided alternate pave-
ment design guidelines for the Boeing 777’s impact on airport
pavement, prior to the plane’s first commercial flight in 1995.
FAA re s e a rchers also conducted a study of airport ru n w a y
roughness profiles at 10 airport s .

In materials re s e a rch, the FAA published a program plan
for aircraft advanced materials re s e a rch and development,
which was coordinated with similar findings of the National
R e s e a rch Council (part of the National Academy of
Sciences). FAA personnel continued to work with DoD
personnel on re g u l a t o ry issues related to the certification and
s t a n d a rdization of composite components. FAA re s e a rc h e r s
completed a pre l i m i n a ry evaluation of pro b a b i l i t y - b a s e d
a p p roaches to composite structural design, developed a
p re l i m i n a ry data base on serv i c e - related damage incidents in
composite aircraft currently in service, and conducted a case
study on the application of probabilistic approaches to an
existing all-composite aircraft for risk-of-failure evaluation.

FAA engineers continued to analyze aircraft structural safety
t h rough the use of the crash impact facility at NASA’s LaRC.
I n t e rn a t i o n a l l y, FAA specialists participated in developing
an air accident investigation tool with the Civil Av i a t i o n
Authority in England.

In cooperation with NASA, the FAA sponsored an
i n t e rnational Conference on Continued Airw o rthiness of
A i rcraft Stru c t u res in Atlantic City, NJ. The two agencies
also conducted numerous technical workshops on stru c t u r a l
i n t e g r i t y, corrosion, and inspection re s e a rch. Engineers and
scientists developed a computationally efficient and accurate
numerical technique, called the finite element altern a t i n g
m e t h od, to predict crack linkup and residual strength in the
p resence of widespread fatigue damage. During the fiscal year,
technicians tested two full-scale wide-body panels to pro v i d e
c o rrelation data for predictive models. Software expert s
developed a phase I repair design and assessment software
tool and sent it to selected users for pre release field testing.

In response to structural failures caused by aging,
re s e a rchers from the FA A’s Aging Aircraft program built on
N A S A’s extensive re s e a rch base in nondestructive evalua-
tion methods, metal fatigue, and modeling for structural life
p rediction. The program has been moving from the tech-
nology development stage into the demonstration, valida-
tion, and technology transfer stage. Researchers have
developed a wide range of prototype nondestructive evalu-
ation instrumentation to detect the presence of corro s i o n
and small fatigue cracks in aircraft stru c t u res and compo-
nents. NASA re s e a rchers developed a prototype eddy
c u rrent instrument for detecting small fatigue cracks and
t u rned it over to a private instrument manufacturer for
c o m m e rcial marketing.

During the fiscal year, re s e a rchers developed a labora-
t o ry prototype of a pulsed eddy current device for corro s i o n
detection on a Gulfstream Aero Commander wing spar.
Technicians reviewed a field prototype, based on the self-
compensating ultrasonic device, for possible specification
as an alternate inspection technique for the DC-9 wing
box T-cap. Specialists also demonstrated a pulse-echo ther-
mal wave inspection in the laboratory and during field
trials at Northwest Airlines and as part of an Air Forc e
c o rrosion detection program. Aviation technicians also
developed an automated aircraft wheel inspection system
to classify inspection signals during automated eddy
c u rrent wheel inspections.

Personnel from the FAA Technical Center continued
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their development of an unleaded aviation gasoline for use in
the existing fleet of general aviation aircraft with piston
engines. During FY 1995, a Coordinating Research Council
was formed to develop the data sets re q u i red to justify
changes in aviation gasoline fuel specifications. While devel-
oping the basic pro c e d u re, FAA Technical Center personnel
conducted testing on an engine that is considered the worst-
case scenario for knock. Technical Center specialists also
p rovided ongoing support for autogas supplemental-type
c e rtificates and turbine fuel specification changes to the vari-
ous certification offices. Most of the eff o rt in this area is in
response to changes mandated by Congress or EPA. The
c o n s t ruction of the Fuel Research Laboratory and Small
Engine Test Facility expansion began in FY 1995.

FAA re s e a rchers continued to develop technologies and
m e t h odologies to mitigate and prevent the threat of cata-
s t rophic aircraft failure. They conducted studies and tests in
f l i g h t - c o n t rol technologies, lightweight material barriers for
h i g h - e n e rgy rotor fragment mitigation, and aircraft loads.
Grant and small business innovation re s e a rch awards furt h e r
expanded re s e a rch in aircraft control, load technology, and
rotor fragment mitigation. In FY 1995, FAA specialists
completed tests to aid in the design and evaluation of a high-
t e m p e r a t u re containment ring for application on small
turbine rotors. Researchers continued their work on mod e rn
analytic methods that can predict horizontal stabilizer design
antisymmetric buffet loads during the airplane design phase.

The Marine Corps continued to pursue the Integrated
Maintenance Diagnostics system to monitor the health of
helicopter dynamic flight components. This system contin-
ued its development and evaluation in the Marine Corps
CH-53E for its application in all Marine ro t o rcraft. Military
aviation specialists have designed that system to re d u c e
avionics repairs and prevent structural fatigue, among other
p reventive maintenance measure s .

In the area of aviation security technology, FAA special-
ists certified the first explosive detection system for finding
bulk explosives in checked baggage. Experts at the FA A
Technical Center used the certification standard, developed
by the National Academy of Sciences, to do the testing. Wi t h
s u p p o rt from industry and the national laboratories,
Technical Center personnel developed a protocol for cert i f i-
cation testing of trace explosive detection systems. Specialists
f rom the FA A’s airc r a f t - h a rdening program completed the
development and testing of prototype hardened baggage
containers. The FAA awarded a grant to the Great Lakes

Composite Consortium to build a limited quantity of hard-
ened composite containers in accordance with FAA specifi-
cations. In FY 1995, FAA specialists developed a computer-
based training system for x-ray screeners to improve the
detection of improvised explosive devices and weapons. FA A
grantees at Embry Riddle Aeronautical University developed
a screener selection test to determine whether trained secu-
rity applicants are capable of reaching a re q u i red level of
p e rf o rmance. Through cooperation with industry, FA A
specialists simulated the development of an x-ray false-image
p rojection system to increase screener vigilance. During the
fiscal year, FAA technicians joined with industry specialists
to conduct a study of domestic passenger baggage matching.

Aviation Medicine and Human Factors

During FY 1995, personnel from the FAA continued their
e ff o rts to improve human perf o rmance in the national
airspace system through re s e a rch and development. FA A
engineers developed a prototype automated perf o rm a n c e
m e a s u rement system to provide objective measures of cre w
and aircraft perf o rmance. They also enhanced a tool for
systematic air traffic operations re s e a rch by pro v i d i n g
machine-based measures of the factors affecting the work-
load/taskload of controllers. FAA personnel developed a
p rototype version and began to evaluate it in the TRACON
e n v i ronment. FAA engineers developed a model advanced
qualification program for regional airline operations, enhanc-
ing airc rew safety and eff i c i e n c y, as well as a pro t o t y p e
c o m p u t e r-aided debriefing station for crew perf o rm a n c e
review following line-oriented flight training simulations.
The FAA also acquired an advanced general aviation simula-
tor to support a program of re s e a rch on general aviation
human factors.

Also during the fiscal year, the FAA produced a H u m a n

Factors Guide for Aviation Maintenance, which pro v i d e d
maintenance managers with established principles of job
design and work in a form suitable for day-to-day re f e re n c e
use. FAA personnel implemented an FAA Airc r a f t
C e rtification Human Factors and Operations Checklist for
standalone GPS receivers. FAA re s e a rchers joined with
their colleagues from NASA and industry to investigate
data-link technology to solve the problems of fre q u e n c y
congestion and voice communication errors; the
re s e a rchers identified impacts on transmission time,

5 1F i sca l  Ye a r  1 995



f o rmats, and pro c e d u res. FAA personnel continued their
e ff o rts in an interagency study on the effects of shiftwork
and fatigue on job perf o rm a n c e .

The FAA sponsored numerous air traffic control and
a i rway facilities human factors projects at its Te c h n i c a l
C e n t e r. Projects included re s e a rch on controller memory
enhancement involving simulation re s e a rch in the Human
Factors Laboratory. Researchers made pro g ress on contro l l e r-
p e rf o rmance measurement and contro l l e r-selection tools.
FAA technicians conducted airway facilities projects, includ-
ng extensive prototyping for operations control center

designs and the development of standards as a re s o u rce for
f u t u re system design work. Finally, FAA security personnel
nitiated re s e a rch on security human factors to evaluate such

factors as alternative baggage screener training systems.
The FAA acquired a Boeing 747, which was being re t i re d

f rom flight service, for integration into the aircraft cabin
evacuation re s e a rch program. Researchers used data fro m
window exit cabin evacuation studies to substantiate FA A
decisions about exit pathway widths. Dynamic impact studies
p rovided information for decisions on child safety and
restraint systems, as well as side-facing seat-restraint designs.
The FAA initiated a joint study with the National Institute
of Occupational Safety and Health on aircraft cabin enviro n-
mental conditions, particularly cosmic radiation exposure
and cabin air quality.
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Terrestrial Studies and Applications

During FY 1995, NASA continued to demonstrate new tech-
niques for observing the environment from space. The Space
Radar Laboratory, which flew on the Space Shuttle
Endeavour for the second time in October 1994 was the most
technologically advanced civilian Synthetic Apert u re Radar
(SAR) ever flown in space. This was an international pro j e c t ,
with the X-band SAR fabricated by Germany and Italy and
the Shuttle Imaging Radar-C produced by the United States.
Scientists expressed excitement about SAR’s ability to
m e a s u re and monitor changes on the Eart h ’s surface, such as
biomass, soil moisture, and the free water content of snow.
Using interf e ro m e t ry, SAR scientists demonstrated that they
could measure the topographic surface of Earth and detect
changes as small as a few centimeters. 

During the winter of 1994–95, NASA and the Canadian
g o v e rnment continued to conduct a campaign known as the
B o real Ecosystem–Atmosphere Study—a large-scale, gro u n d -
based, and remote-sensing investigation of how forests and the
a t m o s p h e re exchange energ y, heat, water, carbon dioxide, and
other trace gases. Observations seem to confirm that although
much of the boreal ecosystem consists of wetlands, lakes, and
w a t e r-logged peat beds, on which most of the forest grows, the
a t m o s p h e re above the forests is extremely dry—in short, the
b o real forest functions like a green desert. These data continue
to correct previous weather models that overpredicted atmos-
pheric moisture .

The Landsat series of spacecraft have provided re g u l a r
o b s e rvations of the Eart h ’s surface for two decades, monitor-
ing renewable and nonrenewable re s o u rces. Landsat data

applications support programs such as global change re s e a rc h ,
coastal zone monitoring, timber management, regional plan-
ning, and environmental monitoring. More specifically, data
f rom the Landsat-5 satellite continued to prove valuable in
FY 1995 in numerous practical applications, including fore s t
management; wheat yield, fisheries, and water re s o u rc e
development; earthquake and flood damage assessments;
ecological, glaciological, hydrologic, and agricultural
re s e a rch; and geological explorations. Landsat’s commerc i a l
potential was demonstrated by eff o rts to fight louse infesta-
tion damage to California grape vineyards; to design a
complex geographic data base to access fire hazard assess-
ment, pollution ru n o ff analysis, and power demand pre d i c-
tion in the San Francisco Bay area; to identify specific cro p
types and to assess crop health and potential yield in Finney
C o u n t y, Kansas; to identify areas of rapid Chesapeake marsh
loss where remediation eff o rts may have effect; and to help
timber companies design and implement long-range sustain-
able forest management. 

NASA also has completed significant steps in the devel-
opment of the next Landsat spacecraft, Landsat-7. NASA
and NOAA are to develop the ground system, which NOAA
will operate. The U.S. Geological Survey (USGS) will
continue to be responsible for maintaining the Govern m e n t ’s
a rchive of Landsat and other land-related re m o t e - s e n s i n g
data. As of the end of FY 1995, Landsat-7 was planned for
launch in mid-1998. 

NASA also utilized airborne tools to alleviate specific
daily terrestrial problems, such as forest fires. In July 1995, for
example, a NASA re s e a rch aircraft played a critical role in
fighting a major fire that threatened life and pro p e rty in the
Scottsdale and Fountain Hills areas of Arizona. The plane, a
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C-130B carrying Eart h - o b s e rving instruments, was divert e d
to the Scottsdale area to assist with combating the fire. The
i n s t ruments provided critical, real-time information that was
invaluable for deploying limited re s o u rces more accurately
and safely to protect threatened life and pro p e rt y.

All of these eff o rts, as well as others of a more subtle
n a t u re, to observe the atmosphere and oceans, comprise
N A S A’s Mission to Planet Earth (MTPE). MTPE pro v i d e s
the global perspective that is available only from space to
better understand how the parts of the Eart h ’s enviro n-
m e n t — a i r, water, and land—interact and make life possible.
Phase 1 missions include a number of free-flying satellites for
the study of specific global changes. MTPE’s centerpiece is
the Earth Observing System (EOS), a series of advanced
i n t e rd i s c i p l i n a ry spacecraft that, as of the end of the fiscal
y e a r, were scheduled to be launched beginning in 1998.
MTPE is NASA’s contribution to the U.S. Global Change
R e s e a rch Program (USGCRP), an interagency re s e a rch and
o b s e rvation eff o rt designed to address the most fundamental
questions re g a rding changes in global climate and enviro n-
mental processes. MTPE is also an integral part of the
I n t e rnational Earth Observing System (IEOS), in which
satellites and instruments from the United States, Euro p e ,
Japan, and Canada are being closely coordinated to pro v i d e
c o m p l e m e n t a ry data on various aspects of the Eart h ’s envi-
ro n m e n t .

During the spring and summer of 1995, NASA focused on
a series of important reshaping exercises for MTPE and EOS,
designed to chart the long-term implementation planning for
the program. This process culminated in September 1995
with a strong scientific endorsement of EOS by the National
Academy of Sciences’ Board on Sustainable Development.
That board concluded that MTPE should proceed with near-
t e rm EOS missions “without delay” and urged MTPE to
continue infusing new cost-saving science and technology
into later elements of the program. The board also re c o m-
mended that NASA transfer responsibility for inform a t i o n
p roduct generation, publication, and user services to a feder-
ation of partners selected through an open competitive
p rocess. With the participation of the external re s e a rc h
c o m m u n i t y, NASA began a study of the best approaches to
implement these recommendations. 

The EOS Data and Information System (EOSDIS), the
MTPE data system, is a major component of the Global
Change Data and Information System. The first EOSDIS
Potential User Conference, held in June 1995, identified four

user categories for data services: routine information on
p roduct inquiries, specific project users, discovery users, and
i n d i rect users. A key conclusion of the conference re p o rt was
that although EOSDIS was designed to support the global
change re s e a rch community, EOSDIS potentially can support
the needs of a broader range of users.

Development continued in FY 1995 on EOSDIS Ve r s i o n
0, the prototype processing, archive, catalog, and distribution
system used by each Distributed Active Archive Center
(DAAC) to provide a full suite of data and inform a t i o n
s e rvices to the science community. Over a 3-month sample
p e r i od in 1995, the DAAC’s served an average of 12,900
users per month, who accounted for an average of 180,000
accesses to Version 0 services, including an average of 7,200
data re q u e s t s .

The USGS Earth Resources Observation System (EROS)
DAAC component of the EOSDIS distributed 3.7 terabytes
of data in FY 1995. These data consisted principally of
Advanced Ve ry High Resolution Radiometer (AV H R R )
1-kilometer global and North America 10-day composites,
the digital chart of the world, and digital elevation models of
Japan, North America, and Africa. The EROS DAAC also
distributed some Shuttle Imaging Radar-C data.

The Pathfinder program in FY 1995 focused on the
f u rther generation of data products for the entire time period
of each data set, building on the initial benchmark period of
April 1987 to November 1988. Pathfinder is a program devel-
oped by NASA and NOAA that focuses on pro c e s s i n g ,
re p rocessing, maintaining, archiving, and distributing exist-
ing Earth science and global environmental change data sets
to make them more readily available and useful to
re s e a rchers. Also in FY 1995, the Pathfinder program was
institutionalized as a NASA program through the selection of
23 new peer- reviewed projects, solicited through a NASA
R e s e a rch Announcement.

Since 1992, the USGS has conducted the Global Land
1-kilometer AVHRR Pathfinder project in cooperation with
NASA, NOAA, the European Space Agency, and an
i n t e rnational network of 31 AVHRR data-reception facili-
ties. More than 60,000 daily AVHRR observations have been
collected by the network and archived at the USGS EROS
Data Center’s EOSDIS DAAC. A year-long time-exposed
series of cloud-free vegetation index composites has been
p roduced for the We s t e rn Hemisphere, Africa, and Euro p e ;
these data have been used to develop a baseline global land
cover data set.
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The USGS accelerated data production for EPA’s Nort h
American Landscape Characterization project to complete
p roduction of triplicate data sets covering the conterm i n o u s
United States and Mexico. A triplicate consists of three dates
of Landsat Multispectral Scanner data from the 1970’s ,
1 9 8 0 ’s, and 1990’s and a geore g i s t e red digital elevation
m odel. USGS personnel pre p a red triplicate data sets for the
NASA-funded Humid Tropical Forest Inventory pro j e c t ,
which is mapping deforestation rates in the Amazon Basin,
Africa, and Southeast Asia. These data can be obtained at no
c h a rge to the user from the EROS Data Center’s DAAC
t h rough a World Wide Web home page for the Landsat
Pathfinder pro g r a m .

In April 1995, Project Earthlink, an interagency envi-
ronmental education program, sought to improve the
p u b l i c ’s understanding of global environmental change
t h rough science fairs, the development of an educator’s
re s o u rce guide, video conferences, and workshops. Out of
this eff o rt, NASA took the lead of an interagency, long-
t e rm initiative to encourage the incorporation of Eart h
system science concepts into State and local education
systems. In August, State teams of education policymakers
and science experts gathered in regional forums, in which
each State presented unique action plans for using existing
re s o u rces to overcome obstacles that prevent the incorpo-
ration of Earth system science into the education system.
NOAA, NASA, NSF, and EPA all made significant contri-
butions to the Global Learning and Observations to
Benefit the Environment (GLOBE) program, an intera-
gency initiative that became operational this year. More
than 1,500 teachers have been trained from across the
c o u n t ry, and students from around the world are making
daily measurements and receiving visual results of their
compiled data.

Climate Change Data and Detection, a new pro g r a m
element of the NOAA Climate and Global Change pro g r a m ,
e m e rged as a full-scale information management eff o rt in FY
1995. It focused on enhancing five broad areas—data manage-
ment support for program-specific activities, data arc h e o l o g y
and re f e rence data set development for a broad user commu-
n i t y, better access to climate change data sets, detection and
documentation of the quantitative character of observ e d
climate changes and variations, and attribution of observ e d
climate changes and variations to specific causes. The scien-
tific advisory panel to NOAA’s Climate and Global Change
p rogram added the last two areas to the overall program to

help provide scientific focus for data management activities.
In FY 1995, this program element supported govern m e n t a l
and academic re s e a rchers on 37 separate pro j e c t s .

N O A A’s National Geophysical Data Center (NGDC)
continued to process all the scientific data re c o rded by
Defense Meteorological Satellite Program (DMSP) satellites.
During the past fiscal year, the volume of DMSP data
i n c reased from 2 to more than 5 gigabytes per day. Even so,
the NGDC continued to pre p a re significant numbers of
re s e a rch-quality data sets for distribution to the user commu-
nity and for the DMSP national archives. 

The NGDC recently expanded its online services to allow
users to conduct interd i s c i p l i n a ry data analysis, in addition to
receiving information about satellite data. These serv i c e s
include a telephone dial-in bulletin board and Internet access
t h rough anonymous file transfer protocol, Gopher, and
World Wide Web pages. During FY 1995, Internet access to
the NGDC increased fourfold over FY 1994, with more than
100,000 megabytes of data downloaded by 263,000 users in
FY 1995. 

Many of the NGDC’s FY 1995 users were from academia
and were conducting re s e a rch in meteoro l o g y, space physics,
o c e a n o g r a p h y, and solid Earth geophysics. NGDC scientists
u n d e rtook projects to investigate the amount of carbon emis-
sions that result from fires of both anthropogenic and natural
s o u rces, as seen in global DMSP imagery. Pre l i m i n a ry re s u l t s
f o rmed the basis for extended U.S.-Russian cooperation
t h rough the joint Environmental Working Group cochaire d
by NOAA.

In the area of hazardous waste, EPA used aerial photogra-
phy to develop site-characterization data during re m e d i a l
investigation and feasibility studies conducted under the
C o m p rehensive Environmental Response, Compensation,
and Liability Act (CERCLA). EPA completed more than
100 aerial photographic surveys of hazardous waste sites
under the CERCLA and Resource Conservation and
R e c o v e ry Act (RCRA) programs. Satellite imagery played an
i m p o rtant role in helping scientists develop detailed site
c h a r a c t e r i z a t i o n s .

E PA’s Environmental Photographic Interpretation Center
worked with the Army Corps of Engineers to analyze aerial
photographs and to develop spill contingency plans for emer-
gency crews handling oil and other hazardous materials in
U.S. waterways. The center also used remote sensing to iden-
tify hazardous spills and other potential problems that might
occur as a result of severe flooding or other natural disasters.

5 5F i s ca l  Ye a r  1 9 95





a reas along the Colorado River in Arizona and the Rio
Grande and Pecos Rivers in Texas. In November 1994,
saltcedar infestations were distinguished readily on conven-
tional color video imagery when foliage turned a yellow-
orange to orange-brown color prior to leaf drop. The integra-
tion of GPS with video imagery permitted latitude-longitude
c o o rdinates of saltcedar infestations to be re c o rded on each
image. These coordinates were entered into a GIS to map
saltcedar populations along the three river systems.

Weslaco scientists also produced a vegetation community
map of the Santa Ana National Wildlife Refuge, near Alamo,
TX, in cooperation with refuge personnel. The baseline infor-
mation provided on the map assists refuge managers in moni-
toring changes and determining the habitat re q u i rements of
various wildlife species, such as the endangered ocelot.

In Phoenix, AZ, ARS Water Conservation Laboratory
(WCL) scientists completed the multispectral airborn e
demonstration, a 6-month experiment at the Maricopa
Agricultural Center. By acquiring biweekly airborne images
of an 800-hectare farm in Arizona, along with intensive
g round-based measurements, WCL scientists investigated the
real-time use of remote sensing for farm management. These
biweekly measurements were combined with a crop simula-
tion model and will be used to develop the techniques neces-
s a ry to provide daily crop and soil information to the farm
manager for making management decisions.

WCL scientists collaborated with engineers at the Sandia
National Laboratory in Albuquerque, New Mexico, to
e x p l o re agricultural applications of airborne sensors initially
developed for military use. Based on optical and micro w a v e
images provided by Sandia engineers, WCL scientists found
that this combination of spectral data could provide valuable
i n f o rmation about both crop growth and soil moisture .

In addition, WCL scientists developed a water deficit
index to assess the water status of a crop and help determ i n e
water needs. This is important, particularly for prod u c e r s
located in arid and semi-arid areas of the world who are almost
totally dependent on irrigation. The index re p resents a bre a k-
t h rough in irrigation scheduling because agronomists can
apply it to both sparse and dense vegetation, and it re q u i re s
few input parameters other than remotely-sensed data.

Also in FY 1995, WCL scientists took the first steps toward
optimizing the use of multiple sensors on multiple dates for
evaluating of crop conditions and water loss from agricultural
a reas. Working to enhance the usefulness of such imagery,
WCL scientists developed an operational method of norm a l i z-

ing the effects of viewing angle on spectral response and then
i n v e rted this process to use bidirectional measurements as a
s o u rce of information about crop stress and stru c t u re. 

Scientists at the ARS Hydrology Laboratory in Beltsville,
MD, developed improved snowpack microwave re m o t e - s e n s-
ing algorithms through the use of electron microscope imag-
ing of snow crystal size, shape, and stru c t u res. At the Jorn a d a
Experimental Range in New Mexico, scientists began multi-
level, multisensor remote-sensing work directed at measuring
evaporative fluxes and characterizing areal vegetation
changes in arid rangelands.

New remote-sensing pro c e d u res, developed by ARS at
Weslaco for determining the effects of soil salinity on sugar-
cane and cotton, were applied in 1994 as a pilot test to the
20,000 hectares of irrigated wheat in the El Carrizo Irr i g a t i o n
District near Los Mochis. Both salinity and yield maps were
p roduced that correlated well with crop perf o rmance. Users
t h e re were able to apply the pro c e d u res in 1995 to the
2 0 0 , 0 0 0 - h e c t a re Yaqui Irrigation District that surro u n d s
Ciudad Obre g o n .

The USDA Forest Service, under an agreement with the
USGS National Mapping Division, assumed re s p o n s i b i l i t y
for revisions to maps covering National Forest System lands.
Aerial photography and satellite imagery have provided the
p r i m a ry sources of data for maintaining more than 10,000
topographic quadrangle maps and associated derived map
p roducts. These maps are essential for Forest Service re s o u rc e
management activities and are also available for sale to the
general public.

In FY 1995, remote-sensing data supported a wide variety
of ecosystem management activities, including wildfire detec-
tion and suppression, vegetation classification, re s o u rc e
change detection, land management planning, damage
assessment following natural disasters, the identification of
critical wildlife habitat, support to law enforcement, and
i n v e n t o ry programs. The Forest Service used a wide variety of
remote-sensing platforms, from AVHRR for wide-area cover-
age to Landsat TM and SPOT for higher resolution imagery.

R e s e a rch and development of airborne video, digital
camera systems, radar, and GPS navigation continued to
meet the needs of diverse ecosystem management applica-
tions. As the Forest Service moved to implement a national
GIS, remotely sensed data continued to provide an integrated
i n f o rmation base over wide are a s .

The remote-sensing program of the USDA Fore i g n
Agricultural Service (FAS) continued to be a critical
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element in the analysis of domestic and foreign agricultural
p roduction by providing timely, accurate, and unbiased esti-
mates of global area, yield, and production. The agency used
satellite imagery, crop models, and remotely-sensed weather
data to support DoS assessments of food needs in the states of
the former Soviet Union, particularly Russia. FAS also
p re p a red detailed analyses of droughts in nort h e rn Mexico,
A rgentina, and southern Africa and used satellite imagery to
assess domestic crop conditions in support of work carried out
by the Consolidated Farm Service Agency.

The USDA Natural Resources Conservation Serv i c e
(NRCS) shared costs with other Federal and State agencies
to acquire aerial photography through the National Aerial
Photography Program (NAPP) and produced digital
o rt h o i m a g e ry. NAPP is being used as source imagery to
develop digital ort h o i m a g e ry to support the NRCS soil surv e y
p rogram, conservation technical assistance to private land
users and GIS implementation. Digital ort h o i m a g e ry
combines the image characteristics of an aerial photograph
with the accuracy and scale associated with a map.
Technicians achieve these desirable imagery qualities by
removing displacements caused by camera tilt and terr a i n
relief. NRCS is a member of the interagency National Digital
O rthophoto Program. Four Federal agencies and selected
State agencies contributed funds to this program for the
development of 1-meter resolution digital orthophotos. The
NAPP imagery and digital ort h o i m a g e ry are acquired by
contracting to the private sector. As of October 1, 1995,
about 20 percent of the conterminous United States was
either complete or in pro g re s s .

DoI continued to cooperate with DoD to use the
Navstar GPS Precise Positioning Service (PPS). By access-
ing the encrypted DoD GPS code, DoI users obtain more
accurate, real-time, on-the-ground geographic location
i n f o rmation (approximately 10 meters horizontal accuracy)
than is currently available nationally using other GPS
t e c h n o l o g y. DoI’s Minerals Management Service used GPS
in Federal off s h o re waters to determine the positions of
occupied and abandoned oil and gas platforms, wellheads,
and pipelines. They also used GPS to obtain accurate posi-
tions for mineral re s o u rces, protected wildlife species, and
a rcheological artifacts. DoI’s Office of Surface Mining
Reclamation and Enforcement expanded its use of Navstar
GPS to locate water and mine overburden sampling sites for
the Appalachian Clean Streams Initiative. This multi-
agency eff o rt is a public-private partnership aimed at

p redicting, preventing, and mitigating acid drainage fro m
abandoned coal mines. DoI also has used Navstar GPS in
the reclamation of remote mines in the White River
National Forest of Colorado. The USGS also used GPS to
map natural re s o u rces and geologic hazards. Access to
Navstar GPS PPS is especially beneficial in remote loca-
tions where diff e rential corrections are difficult to make
and where accurate positions are re q u i red to relate observ e d
phenomena to geologic features and hydrologic conditions.
For example, USGS personnel used GPS techniques to map
boundaries of potentially lethal quantities of carbon diox-
ide gas emanating from Mammoth Mountain in Californ i a
after snow melted.

D o I ’s Bureau of Indian Affairs (BIA) used re m o t e l y - s e n s e d
data and GPS to conduct natural re s o u rce inventories, image
mapping projects, GIS data base development, and training to
s u p p o rt the BIA Indian Integrated Resource Inform a t i o n
P rogram. BIA staff used Landsat-5 TM data to classify land
cover on several re s e rvations for agricultural assessment and
f o re s t ry and wildlife applications. Land cover mapping contin-
ued in New Mexico and Colorado to provide input for mod e l-
ing potential burn rates of varying vegetation types in re s p o n s e
to fires. BIA staff also pre p a red image maps for more than 15
re s e rvations using data from the Landsat TM and SPOT. BIA
s t a ff who produce GIS data bases that support re s o u rce inven-
t o ry programs took GPS training during FY 1995.

D o I ’s Bureau of Land Management continued to use
remotely-sensed data and GPS technology to monitor the
health of public lands and in all aspects of its ecosystem-based
management activities, including inventory, assessment,
m odeling, and monitoring. The analysis of aerial photographs
and satellite data directly supported the ecosystem-based
management of mineral re s o u rces, land use planning, fire
fuels mapping, the characterization of wildlife habitat, and
the delineation of hazardous material impacts at a number of
sites on public lands throughout the United States.

D o I ’s Bureau of Mines continued to apply re m o t e - s e n s i n g
to studies of abandoned noncoal mine lands in the Cripple
C reek mining district in central Colorado. Data from the
Landsat TM and NASA’s Airborne Visible and Infrare d
Imaging Spectrometer (AVIRIS) provided valuable new
i n f o rmation about the associations among clay minerals, iro n
minerals, and sulfides, in addition to their relationship with
acid potential of mine wastes. The use of re m o t e - s e n s i n g
analysis to guide sample collection for chemical testing signif-
icantly reduced the time and cost of site prioritization and
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evaluation by land managers and regulators at the Federal,
State, and local levels.

D o I ’s Bureau of Reclamation used remote sensing and GIS
to aid in the management of water re s o u rces. During FY
1995, it used Landsat-5 TM and SPOT data to map irr i g a t e d
lands, riparian vegetation, and open water in the Colorado
River Basin. Together with other spatial data and enviro n-
mental models, scientists used these maps in a GIS to
p roduce estimates of consumptive water use. Reclamation
s t a ff used aerial photographs to pre p a re large-scale maps of
land cover for environmental impact statements and water
use models. They also used airborne video and therm a l
i n f r a red scanner imagery to map river habitat for endangere d
fish species in the Colorado River system, including the
Colorado River in the Grand Canyon. These maps help
re s e rvoir managers regulate water flow to encourage the
s u rvival of endangered fish.

The U.S. Fish and Wildlife Service (FWS) continued to
use computerized mapping, aerial photography, and satellite
data to support ecosystems management and data-sharing
initiatives with Federal, State, and local agencies and private
i n d u s t ry. For example, its national wetlands inventory used
high-altitude aerial photographs to produce wetlands maps of
m o re than 80 percent of the United States and its terr i t o r i e s .
M o re than 16,000 digitized maps are available through the
World Wide Web; in its first year, individuals and agencies
f rom the United States and 25 other countries downloaded
m o re than 93,000 maps. The national wetlands inventory and
a private company developed a pro c e d u re, now patented by
that company, to compare digital wetlands maps with later-
date Landsat TM data to automatically determine whether a
single wetlands map is still current or re q u i res updating. 

The National Biological Service (NBS), in part n e r s h i p
with FWS, continued to use Landsat TM and SPOT data in
the Gap Analysis Program for identifying biological re s o u rc e s
on lands that are not adequately protected to pre s e rve biolog-
ical diversity. These projects are funded in 40 states, involv-
ing hundreds of cooperating organizations at the Federal,
State, and local levels. Scientists and technicians completed
or nearly completed vegetation mapping in Arkansas,
Arizona, California, New Mexico, Nevada, Utah,
Washington, and Wy o m i n g .

NBS used Landsat TM and AVHRR data to forecast the
annual production of Arctic nesting geese and to study
winter waterfowl habitats in the Central Valley of Californ i a .
NBS personnel also used AVHRR data to identify damage in

f o rested wetlands caused by Hurricane Andrew in Louisiana.
Scientists also investigated the use of satellite radar imaging
to estimate the amount and type of fire fuels, to detect flood-
ing beneath marsh canopies, and to determine marsh
impacts. NBS has been participating on an EOS interd i s c i-
p l i n a ry team investigating the use of NASA’s AVIRIS data to
estimate snow grain size, surface albedo, and liquid water
content in the surface snow layer in Californ i a ’s Sierr a
Nevada Mountains. NBS also used GPS for locating field
sampling points, establishing precise control points for
photogrammetric applications, studying river bathymetrics/
p rofiles and desert tortoise habitat, mapping prairie dog
towns, re c o rding ranges and locations of rare and endangere d
plants, and determining spread rates of exotic species.

The National Park Service (NPS) continued to work with
NBS to conduct a comprehensive, multiyear vegetation
mapping program in more than 235 units of the National
Park System to support the NPS inventory and monitoring
p rogram. Scientists initiated prototype mapping projects in
five parks, re p resenting a variety of ecoregions to test the
National Vegetation Classification System and mapping
p rotocols developed during the first year of the program. NPS
and NBS also worked together using GPS to map and moni-
tor shoreline changes in large coastal NPS units, such as the
Cape Cod, Fire Island, and Assateague Island National
S e a s h o res and the Gateway National Recreation Area, espe-
cially during the fall storm season when significant shore l i n e
changes occur.

NPS used Landsat-5 TM data to complete land-cover
mapping in Alaska for Cape Kru s e n s t e rn National
Monument, Yukon-Charley Rivers National Pre s e rve, and
Kobuk Valley National Park. The Landsat system operator
moved a portable Landsat receiving station to Fairbanks at
the end of the 1995 summer season to acquire more complete
Landsat coverage of Alaska. However, the timing of the
station setup and unfavorable weather conditions resulted in
little data collection for the 1995 growing season. NPS
requested that the station be left in place for additional
seasons. NPS used SPOT satellite data for the management
and planning of the new Mojave Desert Pre s e rve in
C a l i f o rnia, particularly for detecting surface disturbances,
developing trails, and studying re c reational vehicle use.

The Multi-Resolution Land Characteristics Monitoring
System, developed jointly by the USGS, EPA, NOAA, and
other DoI partners, has contributed data to several pro j e c t s ,
including weather forecasting, fire danger modeling, and
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e c o regions mapping. The USGS and the University of
Nebraska at Lincoln have been developing an associated
global land-cover characteristics data set with 1-kilometer
AVHRR data.

By Executive Order of the President in Febru a ry 1995, the
G o v e rnment declassified imagery acquired by intelligence
satellites in the 1960’s, thus extending the re c o rd of openly
available remotely sensed data of the Eart h ’s land surf a c e
back by a decade before the first Landsat satellite. The
National Archives and Record Administration is to make
this imagery available, while the USGS EROS Data Center
will provide a catalog of the entire collection and a limited
number of images through its online electronic Global Land
I n f o rmation System.

Atmospheric Studies and Applications

A significant highlight of FY 1995 was conclusive re s u l t s
re g a rding the Antarctic “ozone hole.” Several years of data
f rom satellites and aircraft had provided proof that human-
p roduced chemicals comprised at least 80 percent of the chlo-
rine in the stratosphere causing Antarctic ozone depletion.
Ozone, a molecule made up of three atoms of oxygen, form s
a thin layer of the atmosphere that absorbs harmful ultravio-
let radiation from the Sun. The term “ozone hole” is used to
describe a large area of intense ozone depletion that occurs
over Antarctica during late August through early October
and typically fills in late November. Ground-based measure-
ments by NASA and NOAA indicated that lower atmos-
pheric growth rates of major ozone-depleting substances have
declined significantly in response to international eff o rts to
reduce emissions. NASA’s Upper Atmosphere Researc h
Satellite (UARS) has provided the only global monitoring of
this pro c e s s .

An early highlight for FY 1995 was the third flight of
N A S A’s ATLAS payload on the Space Shuttle. AT L A S - 3
was designed to measure the variations in the solar output
and its effects on the Eart h ’s atmosphere over the course of an
11-year cycle. It successfully calibrated instruments to
m e a s u re both atmospheric and solar energ y. In addition, the
ATLAS-3 instruments were able to measure precise levels of
m o re than 30 chemicals in the atmosphere .

R e s e a rchers used data from a small instrument, the
Optical Transient Detector (OTD), launched in April 1995
on the Microlab I commercial satellite, to identify the form a-

tion of tornadoes and severe storms from space. The OTD
gave re s e a rchers a much more comprehensive view of light-
ning generated by severe storms than is generally available
f rom ground observations. The OTD is the testing model of
the lightning imaging sensor instrument, part of the upcom-
ing Tropical Rainfall Measuring Mission (TRMM), a joint
U.S.-Japan spacecraft.

F rom August to September 1995, NASA, the Brazilian
Space Agency (AEB), and Brazil’s National Space Researc h
Institute conducted the Smoke/Sulfate, Clouds and
Radiation Experiment–Brazil. This experiment marked the
first large-scale cooperation between NASA and AEB, which
was established in 1994. The experiment successfully used
a i rcraft and ground-based sensors to study atmospheric
a e rosols and their influence on clouds and climate. 

The GOES spacecraft series provided continuous opera-
tional environmental monitoring coverage with images and
soundings during FY 1995. GOES-8, the first satellite in a
new series, was moved to its final, operational position in
F e b ru a ry 1995, and on June 9, 1995, NOAA declared it fully
operational. Its three-axis stabilized design allows its sensors
to continuously observe Earth and thus provide more fre q u e n t
views of weather systems, compared with the earlier spin-
stabilized satellites that view Earth only 5 percent of the time.
NASA successfully launched GOES-9, the second advanced
satellite in this series, on May 23, 1995, and NOAA person-
nel assumed control on July 21, 1995. Upon completion of
on-orbit satellite and instrument checkout in October 1995,
GOES-9 was scheduled to join GOES-8 in early 1996 in
p roviding the United States with full coverage by the most
advanced weather monitoring capability. NOAA is re s p o n s i-
ble for operating GOES, including command and contro l ,
data reception, product generation, and data and prod u c t
distribution. NASA manages the design, development, test-
ing, launch, and postlaunch checkout of GOES for NOAA.

In the Polar-orbiting Operational Enviro n m e n t a l
Satellite (POES) program, NASA successfully launched the
NOAA-J satellite on December 30, 1994, from Va n d e n b e rg
Air Force Base, CA. This satellite, renamed NOAA-14 once
it achieved orbit, assumed the role as the primary aftern o o n
spacecraft in the POES constellation. Following the initial
spacecraft checkout, NOAA-14 assumed full operational
capability in June 1995. The POES spacecraft continued to
p rovide temperature and humidity profiles for weather fore-
casting, imagery for cloud/frontal/snow cover analysis, warn-
ings of tropical cyclones and volcanic eruptions, data for sea-
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s u rface temperature and ice analyses, and vegeta-
tion indices for climate and global change.

Work to define the observational re q u i re-
ments and satellite configuration of the National
P o l a r-orbiting Operational Enviro n m e n t a l
Satellite System (NPOESS) continued at the
p ro g r a m ’s tri-agency (DoC, DoD, and NASA)
integrated program office. The NPOESS
p rogram, which converges the military and civil-
ian polar-orbiting operational enviro n m e n t a l
satellite programs of DoD and NOAA into a
single system, proceeded successfully through its
initial planning phases. The Secretaries of
C o m m e rce and Defense and the NASA
Administrator signed a Memorandum of
A g reement in May 1995 to implement the
P re s i d e n t ’s Directive of May 1994. 

DoC, through NOAA, has lead agency
responsibility for a tri-agency executive
committee for NPOESS. NOAA also has lead
agency responsibilities to support the inte-
grated program off i c e ’s satellite operations and
to interface with national and international civil users.
DoD has lead agency responsibility to support the office for
NPOESS acquisitions, launch, and systems integration.
NASA has lead agency responsibility to support the off i c e
in facilitating the development and incorporation of new,
c o s t - e ffective technologies to enhance the capabilities of
NPOESS. 

Negotiations continued with key European part n e r s —
the European Organisation for the Exploitation of
M e t e o rological Satellites (EUMETSAT), with involvement
as appropriate of the European Space Agency (ESA)—on a
joint polar system, taking into account, on the U.S. side, the
c o n v e rged U.S. system. This complements long-standing
plans by NOAA and EUMETSAT to exchange instru m e n t a-
tion for flight on meteorological operational satellites.

NOAA satellite measurements of ozone during the
winter of 1994–95 indicated that the total column ozone
amount was unusually low over regions of the Nort h e rn
H e m i s p h e re. For middle and high latitudes, ozone values
w e re 10 to 20 percent lower than typical values observ e d
during these months in 1979 and the early 1980’s. Over
some high-latitude regions, such as Siberia, total ozone in
1994–95 had decreased by up to 35 percent from 1979
values. Total ozone has decreased since 1979 over Nort h e rn

H e m i s p h e re midlatitudes at the rate of about 4 percent per
decade. Researchers observed little or no significant long-
t e rm trend for the equatorial region. Te m p e r a t u res observ e d
over the north polar region were sufficiently low for chem-
ical ozone destruction polar stratospheric clouds within the
polar vortex during the 1994–95 winter-spring period. A
stratospheric warming during Febru a ry 1995 interru p t e d
the period of re c o rd-low minimum temperatures, but
re c o rd-low minimum temperatures re t u rned in the polar
region during March 1995.

Also in the area of ozone monitoring, the use of the
Television and Infrared Operational Satellite (TIROS)
Operational Ve rtical Sounder (TOVS) 9.7-micron ozone
channel as a robust, real-time monitor of the ozone shield
steadily gained acceptance in the ozone community. Its
unique polar night capability and enhanced sensitivity to
lower stratospheric ozone depletion allowed it to comple-
ment more traditional atmospheric backscattering measuring
i n s t ru m e n t s .

The AVHRR Atmosphere Pathfinder project is a
National Environmental Satellite, Data, and Inform a t i o n
S e rvice (NESDIS) (part of NOAA) activity in support of
the NOAA/NASA Pathfinder program. Its objectives are
to use community consensus algorithms and uniformly cali-
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This Geostationary Operational Environmental Satellite (GOES-8) visible-
channel image shows Hurricane Luis on September 6, 1995, as it made
landfall over Puerto Rico.  GOES-8 is operated by NOAA and circles the
Earth in a geosynchronous orbit 22,300 miles above the Equator.



brated AVHRR data to re p rocess all afternoon NOAA
satellite data back to 1981 into a consistent re c o rd of
atmospheric parameters for climate change studies. During
FY 1995, re s e a rchers processed 1 month of data (September
1989) into cloudy and clear radiance statistics, total cloud
amount, top of the atmosphere radiation budget, and
a e rosol optical thickness over the oceans. Scientists also
began to generate data for a benchmark period spanning
f rom March 1987 through October 1988. The output prod-
ucts were provided twice daily on an equal area grid with a
resolution of 110 kilometers and averaged over 5-day and
monthly periods. A future extension is to include multi-
layer cloud amount by cloud type, surface radiation budget
parameters, and cloud optical pro p e rties. Also during FY
1995, NOAA scientists produced a data set of deep layer
mean temperature for the period December 1986 thro u g h
December 1994. Scientists used this data set, based on
o b s e rvations of the microwave sounding unit on NOAA’s
POES, to study temperature trends throughout the tro p o s-
p h e re and lower stratosphere .

In addition, NOAA’s NGDC worked with many
Pathfinder groups in NASA and NOAA to bring together
the “Pathfinder Climate Data Collection.” This CD–ROM
includes data from AVHRR and TOVS Pathfinders for the
benchmark period (April 1987–December 1988). NGCD
s t o red these data in simple formats, allowing access with
many popular science software tools. This CD was expected
to be available during the first half of FY 1996.

N O A A’s Global Climate Perspectives System achieved a
new update capability for monthly and seasonal global
t e m p e r a t u re and precipitation during FY 1995. Researc h e r s
implemented complex quality control pro c e d u res, prod u c e d
gridded global products, and published numerous scientific
papers. 

During FY 1995, NOAA’s Comprehensive Aero l o g i c a l
R e f e rence Data Set project completed the building of a
k e rnel data base containing daily global upper air observ a-
tions for the period 1973–1990. Scientists combined data
f rom about 20 diff e rent sources to form this online data base.
In addition, they developed and implemented a complex
quality control system.

NOAA scientists continued their work on the Trace Gas
P roject during FY 1995. They collected global baseline trace
gas data sets, such as for CO2, CH4, O3, and chloro f l u o ro-
carbons, and checked the data sets for quality contro l .
R e s e a rchers then documented, placed online, and secure d

the data sets in the NOAA/NCDC (National Climatic
Data Center) arc h i v e .

Also during FY 1995, scientists from the U.S. Historical
Climatology Network, a joint project between DoE and
NOAA, pre p a red and quality-checked data sets of numero u s
climatological variables. On the global level, DoE and
NOAA cooperated in the Global Historical Climatology
Network for data collection and quality assurance of monthly
t e m p e r a t u re, precipitation, and pre s s u re data.

The U.S. Precipitation Metadata Project produced data
sets of monthly rainfall and snowfall during FY 1995.
R e s e a rchers removed wind-induced turbulence biases by
using data on such factors as gauge sitings, gauge shields, and
average monthly wind speeds, as well as by developing algo-
rithms for bias re m o v a l .

N O A A’s Surface Reference Data Center support e d
p recipitation validation within the Global Pre c i p i t a t i o n
Climatology Project. The center provided support by collect-
ing and validating precipitation station data from a number
of globally distributed test-site areas. Work during FY 1995
concentrated on the production of area-averaged validation
data for all test sites, with the inclusion of
p recipitation/elevation adjustment algorithms.

As part of the U.S. Global Change Research Pro g r a m ,
scientists conducted numerous coordinated campaigns using
l i d a r, radar, and all-sky optical imagery from the ground to
obtain signatures of “breaking” gravity waves at mesopause
altitudes. These scientists simulated wave stru c t u res by using
a numerical model of breaking gravity waves. In addition,
they used the characterization of the global semidiurnal tides
to extend the Therm o s p h e re - I o n o s p h e re Mesosphere -
E l e c t rodynamics General Circulation Model to altitudes
down to 30 kilometers.

The NSF has established a unique position in support i n g
studies of the way variations in the energy output from the
Sun contribute to global change, as well as the way these
results may affect conclusions related to the importance of
a n t h ropogenic effects. The Radiative Inputs from Sun to
E a rth program, for example, has supported photometric
o b s e rvation of sunspots, faculae, and other features that are
s o u rces of solar brightness variations.

In eff o rts to forecast space weather, scientists at Rice
University developed the Magnetospheric Specification and
F o recast Model, which provides short - t e rm forecasts of part i-
cle fluxes in space. Rice scientists developed a magneto-
h y d rodynamic model of the magnetosphere in an attempt to
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simulate the dynamics of a substorm. Recently, re s e a rc h e r s
have begun to identify some of the physical processes that
cause substorm initiation, while other triggering mechanisms
remain unexplained.

One space weather effect that does not follow the trail of
e n e rgy from the Sun is equatorial scintillations, which cause
serious problems in space-based communications and naviga-
tion systems, such as GPS. NSF scientists mounted a
campaign in September to October 1994, near the magnetic
Equator in South America, to understand the physical
p rocesses that control the triggering of equatorial irre g u l a r i-
ties, which give rise to the intense scintillations, but furt h e r
study was needed before a predictive capability could be
d e v e l o p e d .

On April 3, 1995, Orbital Sciences Corporation placed a
M i c roLab-1 satellite in low-Earth orbit. The NSF, along with
the FAA, NOAA, and NASA’s Jet Propulsion Laboratory
(JPL), joined with Orbital Sciences Corporation and Allen
O s b o rne Associates to sponsor a proof-of-concept experi-
ment using MicroLab-1 to test whether GPS radio signals can
p rovide accurate and high-resolution thre e - d i m e n s i o n a l
distributions of atmospheric temperature and water vapor.
The initial results for temperature profiles between 5 and 40
kilometers were excellent when compared with standard
radiosondes. Beyond this range, pre l i m i n a ry temperature s
showed difficulties. In the upper atmosphere, the erro r s
resulted from initial temperature and pre s s u re assumptions in
this region and initial ionospheric refraction assumptions. In
the lower tro p o s p h e re, the errors seemed to be associated
with multipath effects caused by large gradients in re f r a c t i v-
ity caused by water vapor distribution.

An instrument designed to monitor ozone levels in the
E a rt h ’s atmosphere was launched from French Guiana on
April 20 aboard ESA’s second European Remote Sensing
Satellite (ERS-2). Scientists and engineers at the
Smithsonian Astrophysical Institute (SAO) developed the
Global Ozone Monitoring Experiment in cooperation with
E u ropean scientists to generate a complete world ozone map
e v e ry 3 days. 

The Polar Ozone and Aerosol Measurement (POAM-II)
experiment on the Sun-synchronous SPOT-3 satellite
continued to provide vertical profiles of important middle
a t m o s p h e re constituents, such as aerosols, nitrogen dioxide,
oxygen, ozone, and water vapor, over the polar stratosphere .
S p o n s o red by the Naval Research Laboratory and the
Ballistic Missile Defense Organization (BMDO), this experi-

ment was launched in September 1993. POAM-II data have
contributed significantly to scientific understanding of
i n f r a red laser and electromagnetic wave propagation thro u g h
the polar stratosphere, as well as to understanding of the polar
ozone depletion process. POAM-II also confirmed the role of
the polar vortices in ozone depletion and detected the pre s-
ence of polar stratospheric clouds.

Oceanographic Studies 
and Applications

Launched in August 1992, the joint U.S./French satellite
TOPEX/Poseidon demonstrated a new way of monitoring
global mean sea-level variations. The satellite used a radar
altimeter to measure sea-surface height very precisely and
made global observations of the sea level every 10 days. The
satellite not only monitored the mean sea-level change, it
also told scientists where the change occurred, allowing
re s e a rchers their first opportunity to study the natural causes
for short - t e rm sea-level variations and distinguish them fro m
b roader effects. On the basis of 3 years’ worth of continuous
m e a s u rements, the satellite detected sea-level rise at a rate of
4 millimeters per year. This is a critical new observ a t i o n a l
capability for climate re s e a rc h .

A major study used new computer models and data fro m
the 10-year Tropical Ocean Global Atmosphere - C o u p l e d
O c e a n - A t m o s p h e re Response Experiment, an intern a t i o n a l
re s e a rch program that studies how Eart h ’s oceans and atmos-
p h e re affect one another to make yearly predictions of equa-
torial Pacific sea-surface temperatures and related changes in
p recipitation patterns. One of the main targets of this
re s e a rch has been the El Niño, a climate disturbance that
occurs every 2 to 5 years in the Pacific Ocean. Recent El
Niño events may have played a key role in sea-level rise over
the past 3 years. This eff o rt also has helped explain the rise in
sea levels.

The NOAA Satellite Ocean Remote Sensing (NSOR S )
p rogram was begun during FY 1995 and is an integrated eff o rt
involving ocean data from NOAA polar and geostationary
satellites, as well as several other space-based systems—the
Defense Satellite Meteorological Program, Canada’s
Radarsat, classified DoD data, and Japan’s Advanced Eart h
O b s e rving Satellite (ADEOS). NSORS involves data acqui-
sition, algorithm development, calibration/validation, prod-
uct development, product operations, user access/exploita-
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tion, and archival activities. During FY 1995, NOAA cre a t e d
an NSORS Implementation Plan and an Internet home
page. In addition, NOAA personnel pre p a red hard w a re and
communications equipment for the reception of Radarsat and
ADEOS data; developed experimental ocean-surface wind
p roducts for operational customers; contracted for four instru-
ments to be flown on NOAA aircraft for ADEOS validation;
and electronically provided remapped GOES visible imagery
p rototype products in near real time for the U.S. east coast,
G reat Lakes, and Gulf of Mexico. NOAA scientists began
developing new products from future ocean color sensors,
nitially limiting these products to the ocean areas around the

coastal waters of the United States. 
During FY 1995, NOAA increased by 30 percent the

number of CoastWatch applications (now appro x i m a t e l y
250) signed with users of CoastWatch data. CoastWatch, a
ong-standing NOAA program now under NSORS, uses

h i g h - resolution, near- real-time polar satellite data, covering
all U.S. coastal areas, to measure sea-surface temperature and
reflectance for monitoring river outflow and tracking oceanic
f e a t u res, including “red tide” events and locations of temper-
a t u re-sensitive fisheries.

Following the launch of NOAA-14 during FY 95, NOAA
defined new algorithms for the computation of global sea-
s u rface temperature observations from the AV H R R .

R e s e a rchers increased global sea-surface temperature obser-
vations by improving cloud detection in the areas of the
ocean affected by glare from the Sun. 

Also in the area of oceanographic studies, work continued
on the multi-agency Comprehensive Ocean-Atmosphere
Data Set project to provide an updated re f e rence data set
covering the world’s ocean environment. Specific FY 1995
accomplishments included entering data for 3.5 million U.S.
M e rchant Marine observations for the 1912–1946 period and
the establishment of an agreement with China to enter data
for the U.S. Maury Collection, which consists of 19th
c e n t u ry ship observ a t i o n s .

NASA, NOAA, and the Navy held discussions on the
possible merger of the NASA/French space agency (CNES)
TOPEX/Poseidon Follow-On (TPFO) mission with the
second Navy Geodetic/Geophysical satellite (Geosat)
mission. NASA and the Navy agreed to proceed with the
NASA TPFO mission, modified to meet the Navy’s tactical
re q u i rements. The Navy completed the critical design re v i e w
for the Geosat Follow-On satellite in August 1995.
R e s e a rchers expect this radar altimeter satellite to pro v i d e
t i m e l y, worldwide, and very accurate measurements of ocean
topography via direct readout to ships at sea and selected
s h o re sites.
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Cooperation With Foreign Partners

DoS and NASA continued negotiations on the form a l
a g reements relative to the International Space Station
p rogram. During FY 1995, DoS held five rounds of negotia-
tions between the existing partners and Russia on the Space
Station Interg o v e rnmental Agreement. In parallel, NASA
continued negotiations with the Russian Space Agency
(RSA) on a bilateral memorandum of understanding, as
well as with the European, Japanese, and Canadian space
agencies on amendments to their respective Space Station
memoranda of understanding to reflect Russian involve-
ment in the program and modifications to re s p e c t i v e
contributions by the partners. The plan for shared design,
development, operations, and utilization of the
I n t e rnational Space Station already has provided concre t e
o p p o rtunities for successful international collaboration
among the various governments, industries, universities,
and individual scientists. The ongoing interaction with
Russia on the Shuttle-M i r and International Space Station
p rograms has contributed positively to the U.S. policy of
encouraging Russia to continue on its course to democrati-
zation and a market economy. 

The most visible symbol of U.S.-Russian scientific and
technological cooperation was the first rendezvous and dock-
ing of the Space Shuttle A t l a n t i s with M i r, which occurred on
June 29, 1995. This coincided with the fifth meeting of the
U.S.-Russia Commission on Economic and Te c h n o l o g i c a l
Cooperation, known more widely as the Gore - C h e rn o m y rd i n
Commission after its leaders, U.S. Vice President Al Gore
and Russian Prime Minister Viktor Chern o m y rd i n .

Another highlight at the fifth meeting of the Gore -
C h e rn o m y rdin Commission was the new cooperation involv-
ing seven Russian aeronautics institutes and four NASA
a e ronautics re s e a rch centers. During FY 1995, NASA signed
five grants with Russian aeronautics institutes for a wide
range of re s e a rch, such as advanced aviation metals, atmos-
pheric effects of aviation, and composite stru c t u re re s e a rc h .
Joint aeronautics projects included modifying the Russian
Tu-144 supersonic transport plane with new engines to flight-
test new technologies for the next-generation supersonic civil
t r a n s p o rt and cooperative work on scramjet propulsion tech-
n o l o g y, a critical element in the development of hypersonic
a e rospace vehicles.

Under the auspices of the Scientific and Te c h n i c a l
Committee of the Gore - C h e rn o m y rdin Commission,
NASA, the Russian Ministry of Science and Te c h n o l o g y
Policy (MinSci), and the Russian Space Agency (RSA)
signed the Memorandum of Understanding on Cooperation
Relating to the Space Biomedical Center for Training and
R e s e a rch. The Center, to be based at Moscow State
U n i v e r s i t y, will support a range of U.S.-Russian medical
exchanges, including cross-training and re s e a rch in aero s p a c e
medicine, space biology, internal medicine, public health
issues, biotechnology, microgravity sciences, informatics, and
t e l e m e d i c i n e .

In April, 1995, the “Integrated Plan for Science and
R e s e a rch,” the first major deliverable to NASA under the
Space Station contract with RSA, was submitted to NASA
by the Russian Scientific and Technical Advisory Council
( S TAC). RSA established STAC to provide peer review of
Russian re s e a rch and technology proposals related to the
I n t e rnational Space Station. Fifty Russian org a n i z a t i o n s
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submitted more than 250 re s e a rch proposals, and more than
100 were selected during the first round of peer re v i e w, lead-
ing to the approval in June 1995 of $3.5 million to support
the selected re s e a rc h e r s .

In July 1995, the agreement between the United States
and Japan concerning the cross-waiver of liability for cooper-
ation in the exploration and use of space for peaceful
purposes entered into force. This agreement is to facilitate
f u rther space cooperation between the two countries, which
is already well established in the areas of human spaceflight,
space science, and Mission to Planet Earth. An MOU
between NASA and NASDA went into effect in October
1994, providing for the flight of two NASA sensors onboard
the Japanese Advanced Earth Observing Satellite (ADEOS).

P resident Clinton and Ukrainian President Kuchma
signed the Agreement Between the United States of America
and Ukraine on Cooperation in the Exploration and Use of
Outer Space for Peaceful Purposes in November 1994. This
A g reement identified NASA and the National Space
Agency of Ukraine (NSAU) as the implementing agencies
and stated that the United States and Ukraine shall carry out
civil space cooperation in such fields as space communica-
tions, life and microgravity sciences and applications, and
E a rth studies. In November 1994, NASA and the Paton
Welding Institute in Kiev, Ukraine, initiated a joint pro j e c t
called the International Space Welding Experiment. This
p roject involves the flight demonstration of the Ukrainian
Universal Hand Tool (UHT), an electron beam-welding tool
developed by Paton, to assess the capability of the UHT to
p e rf o rm new emergency repairs on the International Space
Station. 

In addition to cooperation with traditional spacefaring
p a rtners, cooperation with developing countries, especially
in Latin America, was significantly expanding. In the fall of
1994, NASA conducted a series of sounding rocket launches,
known as the Guara campaign, from Brazil’s Alcantra launch
range in coordination with Brazil’s National Space Researc h
I n s t i t u t e .

NOAA continued its support for the international satel-
lite-aided searc h - a n d - rescue program known as Cospas-Sarsat
( f rom a Russian acronym meaning Space System for the
S e a rch of Vessels in Distress and an English one for Searc h
and Rescue Satellite-Aided Tracking). To date, more than 30
countries and organizations are associated formally with
Cospas-Sarsat. Since its inception in 1982, Cospas-Sarsat has
helped in the rescue of more than 4,600 people. The Cospas-

Sarsat space segment (provided by the United States, Russia,
France, and Canada) detects distress signals from maritime,
aviation, and land-based users and relays them to the appro-
priate rescue coordination authorities. Cospas-Sarsat is
c u rrently supported by six U.S. and Russian polar- o r b i t i n g
satellites, which provide global coverage, and an intern a-
tional network of ground stations, including six in the United
States and its territories. The U.S. Mission Control Center for
Cospas-Sarsat is located in NOAA’s Suitland, MD, facility. 

In September 1995, an interg o v e rnmental Sarsat
memorandum of agreement was signed in Washington by
the United States, France, and Canada. The new agre e-
ment commits its signatory governments to long-term
s u p p o rt of satellite-aided search and rescue. It establishes
the means by which the Sarsat parties will manage their
space segment obligations under the International Cospas-
Sarsat Program Agreement, which was signed in 1988 by
Russia, the United States, France, and Canada. The 1988
and 1995 agreements are to remain in force through 2003,
with automatic 5-year extensions.

NOAA also used searc h - a n d - rescue equipment on its
GOES-7, GOES-8, and GOES-9 satellites to relay alert
data over most of the We s t e rn Hemisphere. NOAA and its
f o reign partners began evaluating the operational use of
g e o s t a t i o n a ry satellites and related ground stations to
augment Cospas-Sarsat’s polar orbiting-system.

D o C ’s Office of Aerospace pressed for expanded export
o p p o rtunities for U.S. aircraft manufacturers thro u g h
negotiations in the World Trade Organization (WTO).
The Office of Aerospace has been actively encouraging as
many countries as possible to sign the General Agre e m e n t
on Ta r i ffs and Trade (GATT) Agreement on Trade in
Civil Aircraft (Aircraft Agreement) before becoming
members of WTO. Negotiations are continuing with key
and emerging aerospace manufacturing countries, such as
Russia, China, South Korea, and Poland, to sign and
implement the provisions of the Aircraft Agreement and
the provisions of WTO, especially the Subsidies Cod e .
The Aircraft Agreement eliminates duties on aircraft and
most aerospace engines and parts. The Office of
A e rospace also participated in U.S. Government eff o rts to
reduce Russian tariffs on imported aircraft and compo-
nents. This activity caused Russia to lower its tariff fro m
50 to 30 percent and provide verbal assurances of pro v i d-
ing tariff waivers, on a case-by-case basis, for leased U.S.
a i rcraft for the next 7 years.
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D o T ’s Office of Commercial Space Tr a n s p o rt a t i o n
( OCST) provided re p resentation and indepth analytical
and policy support to negotiations led by the U.S. Tr a d e
R e p resentative (USTR) to establish a commercial space
launch trade agreement between the United States and
Ukraine. This included participation in two rounds of
negotiations held in Kiev and Washington, D.C. DoC’s
O ffice of Air and Space Commercialization and its Off i c e
of Aerospace also supported these eff o rt s .

The first space launch trade agreement between the
United States and the People’s Republic of China expired in
December 1994. In support of USTR-led trade negotiations
for a new agreement, OCST provided expertise in commer-
cial space launch technology and industry concern s .
Negotiations were completed in January, and the agre e m e n t
was signed into force on March 3, 1995. OCST continued to
s e rve as Chair of the Working Groups on Information re s p o n-
sible for monitoring foreign compliance under both the
U.S./Russia and U.S./China launch trade agreements. DoC’s
O ffice of Air and Space Commercializa-tion and the Office of
A e rospace assisted with commercial space launch agre e m e n t s
with Russia and China.

Under the U.S.-Russia Business Development
C o m m i t t e e / A e rospace Subgroup, the Office of Aero s p a c e
o rganized a trade visit of Russian aeronautics officials to
the United States in November 1994. The event was
c o s p o n s o red by the U.S. Trade and Development Agency,
the FAA, NASA, and the Foreign Trade Association of
S o u t h e rn California. Activities included a press confer-
ence highlighting the Russian passenger aircraft IL-96M/T,
equipped with U.S. engines and avionics, and a confere n c e
titled “Emerging Aerospace Cooperative Opport u n i t i e s
between the U.S. and Russia.”

D o C ’s Office of Aerospace also provided export coun-
seling and trade development support, often in coopera-
tion with other Federal agencies, to support and pro m o t e
the interests of U.S. air traffic control and airport equip-
ment and service suppliers overseas. In March 1995, the
O ffice of Aerospace co-sponsored with the FAA and the
U.S. Trade and Development Agency a symposium on
f u t u re aviation infrastru c t u re and technology develop-
ments in the Asia-Pacific region. The Office of Aero s p a c e
continues to provide input and policy guidance on air traf-
fic control technology developments, including the GPS.

During FY 1995, Smithsonian Astro p h y s i c a l
O b s e rv a t o ry (SAO) scientists and Russian astro n o m e r s

worked to set up the U.S. Data Center for the Spectru m -
X-Gamma mission, an international collaborative space x-
ray observ a t o ry led by the Institute for Space Research in
M o s c o w. SAO will collect and archive data from the
mission and make the information available worldwide
t h rough the Internet. Computers that will give Russian
scientists easy access to these data were shipped from SAO
to the institute in June 1995. The Spectru m - X - G a m m a
mission will conduct multiple experiments in a bro a d
wavelength range from ultraviolet through x-rays to
gamma rays. 

Nearly 200 scientists and engineers from appro x i m a t e l y
16 countries attended the Fourth International Confer-
ence on Tethers in Space at the Smithsonian Institution in
April 1995. Experts from SAO, NASA, the Italian Space
A g e n c y, and industry discussed the results of several
successful missions using tethered-satellite systems, as well
as experiments planned for the future .

International Organizations

DoS served as the lead agency for U.S. delegations at meet-
ings of the International Telecommunications Satellite
( I N T E L S AT) and the International Mobile Satellite
( I N M A R S AT) organizations. It provided relevant policy
guidance to Comsat, the U.S. signatory to both of these org a-
nizations. DoS participated in the creation of the INTEL-
S AT 2000 Porlamar Working Party in October 1994. It
began considering options for re s t ructuring INTELSAT,
including the creation of one or more corporate subsidiaries
that would function as ord i n a ry multinational companies.
DoS worked to support administration objectives that
I N T E L S AT re s t ructuring improves competition in the
i n t e rnational satellite market and benefits users. The
I N T E L S AT Twentieth Assembly of Parties endorsed these
objectives in August 1995 and created a new working part y
to implement the subsidiary arrangement. DoS began the
task of ensuring that the working part y ’s eff o rts fulfill the
objectives of full and fair competition.

To reflect more clearly the changing nature of its
expanded services, INMARSAT changed its name from the
I n t e rnational Maritime Satellite Organization to the
I n t e rnational Mobile Satellite Organization in December
1994. At the 10th session of the INMARSAT Assembly of
P a rties in December 1994, the assembly decided that
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I N M A R S AT could provide handheld mobile satellite
s e rvices via an affiliate called ICO, provided that it not inter-
f e re with INMARSAT ’s main purposes—especially its public
s e rvice obligations—and that there should be no cro s s - s u b s i-
dization between ICO and INMARSAT. Additionally, there
should be nondiscriminatory access to national markets for all
mobile satellite communications networks. Following the
A s s e m b l y ’s decision, INMARSAT and some of its signatories
set up ICO Global Communications Ltd. to acquire, launch,
and operate a constellation of 12 satellites in medium-Eart h
orbit. In July 1995, ICO placed a $1.3 billion order for these
satellites with a U.S. manufacture r. In the interest of fair
market competition, DoS sought to ensure that ICO does not
benefit indirectly from INMARSAT ’s treaty status. Similarly,
DoS participated in an intersessional working group examin-
ing INMARSAT ’s stru c t u re to see whether it could and
should be converted from a treaty-based organization into a
c o m m e rcial one without special privileges and immunities.

In FY 1995, the Scientific and Technical Subcommittee
(STSC) of the United Nations’ Committee on Peaceful Uses
of Outer Space (COPUOS) continued its discussions on
orbital debris and its potential adverse impact on space oper-
ations. The debate focused on the development of a continu-
ing, deliberate, specific multiyear plan for the committee’s
work on space debris. The multiyear work plan adopted by
STSC included measurements of space debris, understanding
of data and effects of this environment on space systems,
m odeling of space debris environment and risk assessment,
and space debris mitigation measures. The work plan evolved
f rom statements by the United States, France, Germ a n y,
Canada, India, and the European Space Agency.

During FY 1995, STSC and the Legal Subcommittee of
COPUOS also continued their work on international coop-
eration in meteoro l o g y, space science, space transport a t i o n ,
human space flight, and environmental monitoring. Since its
founding in 1958, COPUOS has made significant pro g ress in
p romoting international collaboration in outer space for
science and engineering, communications, transport a t i o n ,
weather forecasting, global change re s e a rch, and medicine.

Discussions Concerning Arms Control 
of Space-Related We a p o n r y

During FY 1995, the U.S. Arms Control and Disarm a m e n t
Agency (ACDA) participated in the development and

implementation of a wide variety of national and intern a-
tional policies relating to missiles and space. ACDA
continued to support U.S. eff o rts to expand and stre n g t h e n
the 28-member Missile Technology Control Regime
(MTCR), which is intended to prevent the proliferation of
missiles, space launch vehicles, and other unmanned aerial
vehicles capable of delivering weapons of mass destru c t i o n .
ACDA actively supported U.S. initiatives that resulted in
South Africa and Brazil agreeing not to develop or acquire
o ffensive military missiles covered by the MTCR. By meet-
ing these and other membership criteria, both countries
w e re admitted as full members in the MTCR. During this
y e a r, ACDA also worked intensively with Russia to re s o l v e
various outstanding arms control issues and to help Russia
implement comprehensive export controls. The capstone of
these eff o rts was Russia being admitted to the MTCR as
well. ACDA also contributed to U.S. regional missile
n o n p roliferation eff o rts, particularly in southern Asia,
aiming to freeze, roll back, and ultimately eliminate ballis-
tic missile programs in India and Pakistan and to pre v e n t
the import of such weapons there. 

ACDA continued to be involved deeply in the policy
p rocess addressing the Strategic Arms Reduction Tre a t y
( S TA RT) and the use of U.S. and foreign excess ballistic
missiles as space launch vehicles. Regarding the U.S. ballistic
missiles that are to become excess under STA RT I and
S TA RT II, it is U.S. policy to retain them for U.S.
G o v e rnment use or to eliminate them. Since the signing of
S TA RT I, some of the other STA RT parties have initiated
p rograms for using their excess ballistic missiles for nonmili-
t a ry space launch purposes. Such use has both military and
p roliferation implications. As an active participant in the
National Security Council (NSC)-chaired Excess Ballistic
Missile Working Group, ACDA assisted in crafting U.S.
policy in this area, which is that the U.S. Government will
c o n s i d e r, on a case-by-case basis, the requests of U.S. compa-
nies to avail themselves of such foreign space launch serv i c e s .
As a member of STA RT ’s Joint Compliance and Inspection
Commission (JCIC), ACDA participated in negotiating an
a g reement with the JCIC partners, which confirms that any
space launch vehicle that employs the first stage of an inter-
continental ballistic missile or of a submarine-launched
ballistic missile is subject to the STA RT pro v i s i o n s .

ACDA continued its involvement with a number of
interagency working groups concerned with missile-re l a t e d
issues during FY 1995. On the international level, ACDA
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actively supported the United Nations Special Commission
on Iraq’s (UNSCOM) eff o rts to destroy or remove from Iraq
v i rtually all materials, equipment, and facilities related to
missiles with a range of greater than 150 kilometers.

Space and Public Diplomacy Abroad

In support of its mission to inform foreign publics about
o fficial U.S. foreign and domestic initiatives, the U.S.
I n f o rmation Agency (USIA) continued to provide a variety
of television programs, electronically delivered texts and
a rticles, and radio broadcasts about U.S. space and aero-
nautics activities. USIA’s more than 200 posts in 147 coun-
tries distributed these products to local media and pro v i d e d
public affairs support. As in previous years, Voice of
America (VOA) radio broadcasts, Worldnet television’s
Newsfile re p o rts, and the Wi reless File print serv i c e
p rovided coverage in multiple languages of Shuttle missions
and other NASA pro g r a m s .

U.S.-Russian cooperation was an important focus for
USIA programs in FY 1995. Listeners throughout the world

tuned into VO A’s live coverage of the A t l a n t i s docking with
the M i r space station in June 1995, while television stations
re b roadcast more than 30 Newsfile re p o rts on the mission
and its implications. USIA’s Information Bureau prod u c e d
a bro c h u re on U.S.-Russia space cooperation for distribu-
tion at the Moscow summit in June 1995, in addition to
detailed background articles on the U.S.-Russian space
a g reement and eff o rts to build the International Space
S t a t i o n .

USIA programs also demonstrated to foreign audiences
the tangible benefits of U.S. space technology, from NASA
contributions to biomedical re s e a rch to data about the
E a rt h ’s atmosphere gathered by the Perseus project and the
use of Shuttle radar to locate an ancient Cambodian city. In
September 1995, Worldnet began broadcasting two multi-
p a rt series on the space program. “Lift-Off to Learning” uses
Shuttle missions and astronauts to discuss the basics of space
flight, spin-off technologies, and other issues. “Exploring the
World Beyond” is a 10-part series on various NASA
p rograms, from Apollo to the Upper Atmosphere Researc h
S a t e l l i t e .
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