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Abstract

The purpose of thisfour-day workshop wasto review purported physical evi-
dence associated with UFO reports, with a view to assessing whether thefur-
ther acquisition and investigation of such evidence islikely to help solve the
UFO problem, namely the determination of the cause or causes of these re-
ports.

Seven UFO investigators presented a variety of physical evidence that they
claimed was associated with UFO reports: photographic evidence; luminosi-
ty estimates; radar evidence; interference with automobile functioning; inter-
ference with aircraft equipment; apparent gravitational or inertial effects;
ground traces; injuries to vegetation; physiological effects on witnesses; and
analysis of debris. Therewasin addition a presentation of investigations into
recurrent phenomenathat occur in the Hessdalen Valley in Norway.

A review panel was composed of nine scientists of diverse expertise and in-
terests. The panel offered comments and criticisms concerning the investiga-
tions that were presented, and also prepared a summary of their overall re-
sponse, with thefollowing key elements:

Concerning the case material presented by theinvestigators, the panel concluded

that afew reported incidents may have involved rare but significant phenomena

such aselectrical activity, but there was no convincing evidence pointing to un-

known physical processes or to theinvolvement of extraterrestrial intelligence.

« The panel nevertheless concluded that it would be valuableto carefully evaluate
UFO reports since, whenever there are unexplained observations, there is the
possibility that scientists will learn something new by studying these observa-
tions.

» However, to be credible, such evaluations must take place with a spirit of objec-
tivity and awillingness to evaluate rival hypotheses.

» The best prospect for achieving a meaningful evaluation of relevant hypotheses
islikely to comefrom the examination of physical evidence.

« Thechances of asignificant advanceare considered to be greater now than at the

time of the Colorado Project that led to the Condon Report thirty years ago, be-

cause of advancesin scientific knowledge and technical capabilities, andin view

of the example of a modest but effective UFO research project provided by the

French space agency CNES.




Physical Evidence Related to UFO Reports 181
Contents

Preface p- 182
Section 1. Report of the Scientific Review Panel p. 183
Section 2. Introduction p- 185
Section 3. Photographic Evidence p- 187
Section 4. Luminosity Estimates p. 189
Section 5. Radar Evidence p. 191
Section 6. Hessdalen Project p- 193
Section 7. VehicleInterference p. 195
Section 8. Interference with Aircraft Equipment p- 197
Section 9. Apparent Gravitational and/or Inertial Effects p- 199
Section 10. Ground Traces p. 202
Section 11. Injuries to Vegetation p. 204
Section 12. Physiological Effectson Witnesses p. 206
Section 13. Analysis of Debris p. 208
Section 14. Recommendations Concerning Implementation p. 210
Section 15. Web Site: Supporting Documentation

[http://www.jse.com] p- 213

Appendix 1. The GEPAN/SEPRA Project — F. Louange, J. Velasco p.214
Appendix 2. Procedures for Analysis of Photographic Evidence

— F. Louange p. 217
Appendix 3. Formation Flying — V. R. Eshleman p-219
Appendix 4. Electromagnetic-Wave Ducting— V. R. Eshleman p-219
Appendix 5. Sprites— V. R. Eshleman p-222
Appendix 6. SETI and UFO Investigations Compared

— V. R. Eshlernan p. 222
Appendix 7. Further Thoughts on SETT and UFO Investigations

— F. Louange p. 225
Appendix 8. Scientific Inference— P. A. Sturrock p. 226

References p. 228




182 P. A. Sturrock et al.

Preface
P. A. STURROCK

In December 1996, Mr. Laurance S. Rockefeller, Chairman of the LSR
Fund, invited me to review with him the status of our understanding of the
problem posed by UFO reports.' We agreed that the problemisin avery un-
satisfactory state of ignorance and confusion. | expressed the opinion that this
problem will be resolved only by extensive and open professional scientific
investigation, and that an essential prerequisite of such research is that more
scientistsacquire an interest in thistopic.

In searching for some way to encourage such interest, Rockefeller and his
colleague Mr. Henry Diamond and | conceived of aworkshop at which promi-
nent investigatorsof UFO reportswould meet with apanel of eight or nine sci-
entists with wide-ranging interests and expertise. We agreed that the work-
shop should focus on physical evidence associated with UFO reports, and |
agreed to serve asdirector.

This workshop should be regarded as atypical enterprise of sponsored sci-
entific research. With administrative support of the Society for Scientific Ex-
ploration, | submitted a proposal to the LSR Fund in February 1997. After
some negotiation, this proposal was accepted, and the necessary funds were
transferred from the Fund to the Society. The Society's role has been strictly
administrative: the role of the Society is to encourage and support research,
not to control or direct research. Accordingly, asis hormal in sponsored re-
search, responsibility for the conduct of the workshop and for the preparation
of thisreport was vested in the director.

This report contains the following material: a summary report prepared by
the scientific review panel; an introduction; eleven sections dealing with spe-
cific types of physical evidence; reflections on how the panel's suggestions
might be implemented; a guide to supporting documentation to be found on
our web site;* and eight appendices. Except for the appendices and those sec-
tions for which the authorship is specified, many participants contributed to
each section.

It isapleasure to extend my thanksto Laurance Rockefeller for hisinterest
in and support of this project; to Henry Diamond and Charles Tolbert for their
administrativesupport; and to all the participants who first struggled valiantly
to present and to absorb complex information, and then worked for many
months to present their thoughts and advice in what is hopefully a readable
form.

In re-reading the Condon Report that has played such an important role in
the history of the UFO problem, | note that on October 31, 1968, University of
Colorado President Dr. J. R. Smiley wrote in hisletter of transmittal of their
report to the Secretary of the Air Force, "We hope and believe that [this re-
port] will havethe effect of placing the controversy asto the nature of uniden-

! For a history of the UFO concept, seefor instance Jacobs (1975).
2http://www.jse.com
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tified flying objectsin a proper scientific perspective. We also trust that it will
stimulate scientific research along lines that may yield important new knowl-
edge."

Of course, this unofficial workshop lasting only three days is a very modest
undertaking compared with the two-year-long Colorado Project that was sup-
ported by both the Air Force and the Central Intelligence Agency. Neverthe-
less, the intent and spirit of the workshop was such that all the participants
would join with mein echoing the same aspirations that Dr. Smiley articul ated
in relation to the Condon Report almost thirty years ago.

1. Summary Report of the Scientific Review Pand

V.R. ESHLEMAN, T. E. HOLZER, R. JOKIPII, F LOUANGE, H. J. MELOSH
J. J. PAPIKE, G.REITZ, C. TOLBERT, AND B. VEYRET

On September 30 - October 3, 1997, a workshop was convened at the
Pocantico Conference Center in Tarrytown, New Y ork, in which this scientific
review panel met with theinvestigators. The panel and workshop director also
met in San Francisco on November 28 - 30, 1997. The participants addressed
the problem of understanding the cause or causes of UFO reports, which have
continued worldwide for at |east 50 years. Theinvestigators were asked to pre-
sent their strongest data to the review panel. The thrust of these presentations
wasthat at least some of the phenomena are not easily explainable. The panel
focused on incidents involving some form of physical evidence, with clear
recognition of the dangers of relying wholly on the testimony of witnesses and
of the importance of physical measurements for distinguishing among hy-
potheses.

It may be valuableto carefully evaluate UFO reports to extract information
about unusual phenomena currently unknown to science. However, to be cred-
ibleto the scientific community, such evaluations must take place with aspirit
of objectivity and awillingness to evaluate rival hypotheses.

The history of earth science includes several examples of the final accep-
tance of phenomena originally dismissed as folk tales. two centuries ago,
meteorites (then regarded as stones falling from the sky) were in this category.
The reality of ephemeral phenomena such as ball lightning and sprites was
questioned until quite recently.

It was clear that at least a few reported incidents might have involved rare
but significant phenomena such as electrical activity high above thunder-
storms (e.g., sprites) or rare cases of radar ducting. On the other hand, the
review panel was not convinced that any of the evidence involved currently
unknown physical processes or pointed to the involvement of an extraterres-
trial intelligence. A few cases may have their origins in secret military activi-
ties.

It appears that most current UFO investigations are carried out at alevel of

—
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rigor that is not consistent with prevailing standards of scientific research.
However, the panel acknowledged the initiative and dedication of those inves-
tigators who made presentations at this workshop, both for their efforts to
apply thetools of scienceto acomplex problem long neglected by the acade-
mic community, and for their diligencein archiving and analyzing relevant ob-
servational data.

The panel concluded that further analysis of the evidence presented at the
workshopis unlikely to elucidate the cause or causes of the reports. However,
the panel considers that new data, scientifically acquired and analyzed (espe-
cialy of well documented, recurrent events), could yield useful information.
Inthis case, physical scientists would have an opportunity to contribute to the
resolution of the UFO problem.

The panel made the following observations:

« TheUFO problem isnot asimpleone, and it isunlikely that thereisany
simple universal answer.

« Whenever there are unexplained observations, there is the possibility
that scientists will learn something new by studying those observations.

« Studiesshould concentrate on cases which include as much independent
physical evidence as possible and strong witness testimony.

« Some form of formal regular contact between the UFO community and
physical scientistscould be productive.

« ltisdesirablethat there beinstitutional support for researchin thisarea,

. The GEPAN/SEPRA project of CNES (Centre National d’Etudes Spa-
tiales — the National Center for Space Research) in France (see Appen-
dix 1) has since 1977 provided a valuable model for a modest but
effective organization for collecting and analyzing UFO observations
and related data.

« Reflecting on evidence presented at the workshop that some witnesses of
UFO events have suffered radiation-type injuries, the panel draws the
attention of the medical community to a possible health risk associated
with UFO events.

The panel also reviewed some of the conclusions advanced in 1968 by Dr.
Edward U. Condon, director of the Colorado Project. He asserted that "' noth-
ing has come from the study of UFOs in the past 21 years that has added to
scientific knowledge,”" and that "further extensive study of UFOs probably
cannot be justified in the expectation that science will be advanced thereby."
While agreeing with the first conclusion and its extension to the present, the
panel considers that there always exists the possibility that investigation of an
unexplained phenomenon may lead to an advance in scientific knowledge.

The panel considers that the chances of such an advance are greater now
than they were in 1967 because of the advances in scientific knowledge and
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technical capabilities, and in view of the GEPAN/SEPRA model for data ac-
quisition.

2. Introduction
P. A. STURROCK

Over the last fifty years, people throughout the world have become familiar
with UFO reports. Thesereports have been attributed to a wide range of caus-
esincluding hoaxes, hallucinations, planets, stars, meteors, cloud formations,
ball lightning, secret aircraft, and extraterrestrial spacecraft. Despite theabun-
dance of such reports, and despite great public interest, the scientific commu-
nity has shown remarkably little interest in thistopic. Thismay beduein part
to the fact that there are no public funds to support research into thisissue, in
part to the assumption that there are no dataworth examining, in part to the be-
lief that the Colorado study that led to the Condon Report (Condon & Gillmor,
1969) has effectively settled the question, and possibly in part to the percep-
tion that the topic isin some sense ' not respectable." The relativeimportance
of thesefour causesisunclear, but it seemslikely that each has had some im-
pact in dampening theinterest of the scientific community in this subject.

The general perception in the scientific community is that, if UFO reports
pose ascientific problem at all, it has more to do with psychology and the sci-
ence of perception than with physical science. Indeed, most reports simply
comprise narrative accounts of what someone saw or thought he saw in the
sky. Sometimes the reportsinvolve more than one witness, and sometimes an
event is witnessed from two or more different locations. However, the fact is
that physical scientistscannot get involved in the UFO problem unless thereis
physical evidence. The purpose of thisworkshop was to assess whether or not
thereisany such evidence. If the answer is no, then thereis no way that phys-
ical scientists can contribute to the resolution of this problem. If, on the other
hand, the answer is yes, then it should be possible for physical scientists to
contribute to the resolution of this problem.

It should perhaps be stressed that it would be unreasonable to ask a panel of
nine scientists, meeting for only afew days, to do much more than make a pre-
liminary assessment of some limited category of evidence related to this com-
plex and controversial topic. It would certainly be highly unreasonable to
expect such a panel to solve, in only afew days, a problem that has remained
unsolved for fifty years. Science advances by the development of an informed
consensus on well defined questions (see, for instance, Ziman, 1968), but sci-
entists can arrive at an informed consensus only if (1) sufficient research has
been carried out, and (2) theresults of that research have been presented to and
evaluated by the scientific community. For the UFO problem, these first two
essential stepshave yet to betaken.

A workshop to review claims of physical evidence related to UFO reports

—
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was held at the Pocantico Conference Center at Tarrytown, New Y ork, from
September 29 through October 4, 1997. The organization responsiblefor this
workshop was the Society for Scientific Exploration. The Society was re-
sponding to an inquiry from Mr. Laurance S. Rockefeller, Chairman of the
L SR Fund. Plansfor the workshop werein the hands of Dr. Peter A. Sturrock,
Professor of Applied Physicsat Stanford University, who served as Director of
the workshop. In developing plans, Sturrock was assisted by a steering com-
mittee comprising Dr. Thomas E. Holzer of the High Altitude Observatory of
the National Center for Atmospheric Research, Boulder; Dr. Robert Jahn, Pro-
fessor of Aerospace Engineering at Princeton University; Dr. David E.
Pritchard, Professor of Physics at the Massachusetts I nstitute of Technology;
Dr. Harold E. Puthoff, Director of the Institute for Advanced Studies in
Austin; Dr. Yervant Terzian, Professor of Astronomy and Chairman of the As-
tronomy Department at Cornell University; and Dr. CharlesR. Tolbert, Profes-
sor of Astronomy at the University of Virginia. Mr. Henry Diamond of Wash-
ington, DC, provided administrative advice and support. Puthoff and
Pritchard served as moderators of the scientific sessions.

Seven experienced UFO investigators were asked to review specific cate-
gories of evidence. Dr. Richard F. Haines of Los Altos, California, undertook
to review photographic evidence and also reviewed aircraft equipment anom-
alies; Dr. Illobrand von Ludwiger of Feldkirchen-Westerham, Germany, dis-
cussed radar evidence; Dr. Mark Rodeghier of the Center for UFO Studies in
Chicago discussed automobile engine anomalies; Mr. John F. Schuessler of
Houston discussed injuries to witnesses; Dr. Erling Strand from Ostfeld, Nor-
| way, presented evidence involving video records and spectroscopic data; Dr.

Michael D. Swords, Professor in the General Studies Science Department at
Eastern Michigan University discussed inertial anomalies; Dr. Jacques F
Vallee of San Francisco presented energy estimates and al so discussed materi-
al evidence; and M. Jean-Jacques Velasco of CNES, Toulouse, France, pre-
sented evidence concerning radar events, ground traces, and injuries to vegeta-
tion.

Evidence presented at the workshop was studied by a Scientific Review
Panel comprising Dr. Von R. Eshleman, Emeritus Professor of Electrical Engi-
neering at Stanford University; Holzer; Dr. J. R. (Randy) Jokipii, Regents
Professor of Planetary Sciences and Astronomy at the University of Arizonain
Tucson; Dr. Francois Louange, Managing Director of Fleximage, Paris,
France; Dr. H. J. (Jay) Melosh, Professor of Planetary Science at the Universi-
ty of Arizonain Tucson; Dr. James J. Papike, Head of the Institute of Meteorit-
ics and Professor of Earth and Planetary Sciences at the University of New
Mexico in Albuquerque; Dr. Guenther Reitz of the German Aerospace Center,
Institute for Aerospace Medicine, in Cologne, Germany; Tolbert; and Dr.
Bernard Veyret of the Bioelectromagnetics Laboratory at the University of
Bordeaux, France. Eshleman and Holzer served as co-chairs of this panel.
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Thereview panel and director met in executive session in San Francisco from
November 28 to 30,1997.

Sections 3 to 13 contain brief summaries of the material presented at the
workshop together with brief comments by the panel. Section 14 presents a
summary of ideas that have been advanced by workshop participants as to how
some of the panel's suggestions might be implemented. The appendices com-
prise correlative information and discussions. Supporting documentation may
be found in articles cited in the reference list and on the web site
[http://www.jse.com] (seeSection 15).

It is necessary to refer frequently to the official French research program
that was set up in 1977 as "GEPAN," and restructured in 1988 as " SEPRA"
(see Appendix 1). Toavoid confusion, we refer to this project throughout (ex-
cept in Appendix 1) as“GEPAN/SEPRA.”

3. Photogr aphicEvidence

Photographic evidence can contribute to a better understanding of the UFO
phenomenon if the evidence has sufficiently strong credentials that the possi-
bility of a hoax can be ruled out. It is also highly desirable that the photo-
graphic evidence be accompanied by strong witness testimony, but it is very
difficult to meet these requirements (asin the case of remotely operated scien-
tific monitoring stations) because of the unpredictable nature of UFO events
(eventsthat giveriseto UFO reports). In order to be confident of the authen-
ticity and flawless operation of the equipment and acquisition, it is necessary
to plan an observational program very carefully. This approach has been
adopted by Strand and is discussed further in Section 6. However, such equip-
ment must normally be run in an automatic mode so it is unlikely that there
will be witness testimony to accompany the data acquisition.

On the other hand, photographic and similar evidence are sometimes ac-
quired in connection with unexpected and incomprehensible UFO events. In
these cases, there will normally (but not invariably) be witness testimony but,
since the data acquisition was not planned, the equipment, operation and
analysis will probably not be optimal and there may indeed be some question
concerning the authenticity of the claimed data.

Haines presented in some detail one case in which an intriguing photograph
was obtained, but the intriguing aspect of the scene was unknown to the pho-
tographer at the time the photograph was taken. Thisevent occurred on Octo-
ber 8, 1981 at about 11:00 am Pacific Daylight Time on Vancouver |sland,
British Columbia, Canada. It has been described in detail elsewhere (Haines
1987), and a copy of that article isto be found on the Web Site (see Section
15).

In 1984 Haines received on loan, directly from its owners, two connected
frames of 35 mm color negative film. Thelower number frame shows achild
standing in front of afireplace, and the higher number frame shows a daytime
view of amountain with evergreen trees on the bottom and a white cloud near

—
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the top of the mountain. The intriguing aspect of the latter frame was that it
showed asilvery oval-shaped object set against the blue sky. The photograph-
er and her family were making arest stop in aCanadian provincia park and the
exposure was made on impul se because of the beauty of the scene.

Haines and hisfather, Donald Haines, spent four days with the principal s of
the case visiting their home and the site where the photograph was taken
(north of Campbell River, British Columbia) exactly two years later. Fortu-
nately, the weather conditions were comparable with those of October 8,
1981. Donald Haines, aregistered civil engineer and land surveyor, carried out
aland survey of therelevant area.

The object appeared to be adisk with the near edge tipped downward, possi-
bly with a rounded "dome™ or protuberance on its upper surface. Richard
Haines provided detailed information concerning the camera, the lens and the
film. Haines had analyzed the negative using a microdensitometer; the blue
sky and cloud were quite bright and the brightest spot on the disk was even
brighter. The luminance gradient of the brightness of the disk was measured
and found to be consistent with what would be expected for adiffusely reflect-
ing metal object, with a shape similar to that indicated by the photograph and
the known position of the Sun. The color photograph was also analyzed by
making black and white enlargements on different wavelength-sensitive pa-
pers. The negative was also digitally scanned using a Perkin-Elmer scanning
densitometer, using three separate color filters which matched thefilm's three
dyelayers.

Haines was especially diligent in looking for evidence of adouble exposure,
but found no such evidence. He also looked for a possible significant linear
alignment of pixels or grains which might result from the presence of athin
supporting line or thread, assuming that the object was a small model hanging
beneath a balloon, but no such evidence wasfound. Hainestested for differen-
tial edgeblur, such as might be produced by linear motion during the exposure,
but found no such blur.

Haines al so attempted to identify the object in the photograph as something
mundane. He considered, in particular, the possibility that a Frisbee had been
thrown into the air and photographed. The principalsdid own a Frisbee, but it
was dull black, not shiny, and the principals steadfastly denied having pro-
duced the photograph in this way. Haines experimented with several other
Frisbees. He attached adome to thetop of one Frisbee and tried tofly it, but it
would fly no more than about ten feet beforelosing lift. Haines also calculated
that a Frisbee would have displayed noticeable edge blurring in the photo-
graph.

This caseis instructivein showing what detailed analyses of a photograph
can be made using modern analytical equipment, but it suffers from the severe
drawback that there is no witness testimony to accompany the photograph.
While the panel wasimpressed with Haines' thorough analysis of the evidence
he had available, there was some concern that a film defect or blemish may

“
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have been introduced during processings, and there was considerable discus-
sion concerning the crucial point that an object that had appeared on the photo-
graph was apparently not seen by the photographer or by her companions.
The picture was taken with a single-lens reflex camera, which means that the
object must have been in thefield of view of the viewing screen as the photo-
graph was being taken. Haines explained that there is published research
which shows how perceptual "blindness" can occur even when physical ob-
jects are clearly present in the environment. Louange also pointed out that an
object that is angularly small, stationary, and not expected to be present, is not
aslikely to be noticed asasimilar object that is moving.

The panel expressed the opinion that detailed analysis of photographic evi-
dence was unlikely by itself to yield evidence sufficient to convince a neutral
scientist of the reality of anew strange phenomenon unless a number of addi-
tional detailed conditions are met (see Appendix 2). They also expressed con-
cern that, now that modern digital techniques are easily available in photo
laboratories, it may never be possible to rule out possible hoaxes without con-
vincing, corroborative eye-witnessaccounts.

For further information about photographic cases, see Section 15 and
Appendix 2.

4. Luminogity Eimates

When witnesses of unidentified aerial objectsare debriefed by investigators,
some of the most striking statements concern the luminosity of the phenome-
non, according to Vallee. Itisnot unusual to hear expressionssuch as"itlit up
the whole landscape,” or "every object in the area stood out, thrown into
intense relief," but it is normally difficult to go beyond these subjective
statements to obtain reliable quantitative estimates of the luminosity of the
phenomenon. Vallee summarized datafor six casesof unexplained aerial phe-
nomena that have been reported by qualified observers over a 20 year period,
with a view to making estimates of the optical power output. Vallee's esti-
mates range from afew kilowatts to many megawatts.

Case#1 occurred on August 27,1956, near McCleod, Alberta, Canada. The
witnesses were two Royal Canadian Air Force pilots who were flying in afor-
mation of four F86 Sabre jet aircraft. The planes were flying due west over the
Canadian Rockies at 36,000 feet about one hour before sunset. One of the pi-
lots saw a "bright light which was sharply defined and disk-shaped,” that re-
sembled "ashiny silver dollar sitting horizontal," situated below the planes but
above athick layer of clouds. It appeared to be considerably brighter than sun-
light reflecting off theclouds. Theduration of the sighting was estimated to be
between 45 seconds and 3 minutes. Thefirst pilot to notice the object reported
the observation to the flight leader and then took a photograph on a Ko-
dachrome color slide. This case and this photograph were subsequently ana-
lyzed by Dr. Bruce Maccabee (Maccabee, 1996). Maccabee has presented an
argument against the propositions that the phenomenon is due either to
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reflection of sunlight by the clouds or to lightning. From the available data,
Maccabee estimates the luminosity of the object (the power output within the
spectral range of thefilm) to be many megawatts.

Case #2 occurred in late September 1965 at Fort-de-France (Martinique).
Two French submarines accompanied by a supply vessel were returning to
Francefrom Norfolk, Virginia, stopping at Martinique. One evening, accord-
ing to the report, when there was a dark sky and clear weather, a large lumi-
nous object arrived slowly and silently from the west, flew to the south, made
two complete loops in the sky above the vessels, and vanished like a rapidly
extinguished light bulb. The object was observed by ahighly qualified helms-
man from the deck of oneof the submarines. Hetook six pairs of binocularsto
the conning tower and distributed them to his companions. There were in all
300 witnesses, including four officers on the submarine Junon, three officers
on the submarine Daphne, a dozen French sailors, and personnel of the Mar-
tinique weather observatory. The appearance of the object was such as to
suggest either alarge ball of light or adisk on edge. Its color wasthat of aflu-
orescent tube, and its apparent luminosity was that of the full Moon. It moved
slowly and horizontally, at adistance estimated to be about 10 kilometers, and
left a whitish trace in the sky similar to the glow of atelevision screen. After
the object first vanished, the halo remained visible for a full minute. Some
timelater the hal o reappeared and the object then emerged asif " switched on."
After further maneuvers, the object flew away.

Based on the descriptions of the witnesses, Vallee estimates that the lumi-
nosity of the object was of order 2 megawatts.

Case #3, that occurred at Voreppe, France on November 5, 1976 at 8:10
p.m., wasinvestigated by GEPANISEPRA (GEPAN 1976; see also Appendix
1). The director of a physics laboratory at the Nuclear Research Centre in
Grenoble saw aluminousdisk in the sky as he was driving. Several other wit-
nesses reported a similar observation on the same day. The main witness, con-
sidered to be areliable scientist, gave a precise description of the position (in
front of mountains), size and speed, as well as of the luminosity of the disk
compared to the luminosity of the moon. Theillumination of the landscape
was reported to have been brighter than the illumination produced by the full
moon when it isat the zenith. From thisfact, and from the relevant geometri-
cal considerations, the GEPANISEPRA investigator estimated the minimum
transmitted luminous energy to be 6 kW if the estimated altitude of 500 m was
correct, or 24 kW if the altitude was 1,000 m.

Case#4, that was also investigated by GEPANISEPRA, occurred at Gujan-
Mestras, France, on June 19, 1978 at about 1 am. GEPANISEPRA was ad-
vised by the Gendarmerie that three witnesses had reported seeing a large
luminous object that had emitted aloud noise. They also reported that the pub-
lic lighting in the town had been extinguished for afew minutes as if triggered
by morning light. The GEPANISEPRA investigators carried out a siteinvesti-
gation and made measurements of the triggering threshold of the photo-cells
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that controlled the public lighting system. Thisinformation led the investiga-
torsto an estimated radiated energy in the range 40 kW to 5 MW.

Vallee reviewed briefly two other cases. Case #5 occurred on December 30,
1966 in Haynesville, Louisiana, and Case #6 occurred on August 24, 1990 at
Greifswald, Germany. Vallee cautioned the panel that the estimates of lumi-
nosity presented at the workshop are raw approximations derived from acom-
parison of the estimated intensity in the visible band with the intensity of
known sources, such as the full moon and automobile headlights, and from as-
sumptions concerning the distance and perhaps size of the source.

The panel noted that the human eye isavery poor device for measuring ab-
solute luminosities. the state of dark adaptation of the eye affects the amount
of light reaching the retina, and different parts of the retinarespond differently
tolight. Furthermore, the above luminosity estimates were apparently based
on theassumption of isotropic emission. This may be areasonable assumption
for anatural phenomenon, but could beinappropriate if acaseinvolvesatech-
nological device. For instance, aircraft landing lights are highly anisotropic. A
1 kW source that is beamed with a half-angle of 3.6 degrees has the same in-
tensity asa 1l Mw isotropic emitter. Furthermore, the distance estimates may
be quite dubious. Hence the power estimates derived for the above cases must
be considered quite uncertain. The most promising cases will be those for
which some form of physical interference took place (such as an effect on a
public lighting system), but these call for detailed investigation by specialists
familiar with such systems.

For further information about luminosity estimates, see Section 15.

5. Radar Evidence

Velasco presented information on radar casesdrawn in part from the files of
GEPANISEPRA (see Appendix 1). He pointed out that one catalog (the “We-
instein catalog" now under development at GEPANISEPRA), with 489 cases
inall, contains 101 (21%) radarlvisual cases (cases that involve both radar de-
tection and visual observation), and the files of the US Air Force Blue Book
project contain 363 cases of which 76 (21%) are radarlvisual cases. Since
1945, reports of aeronautical cases have been collected by order of the French
Air Force Chief of Staff. From 1977 on, information from civil and military
observations madein French air-space have been sent to GEPANISEPRA (see
Appendix 1). It should be noted that civil radar information usually refers
only to objects containing a transponder, whereas military radar equipment
can detect any object greater than two square meters in radar equivalent sur-
face area. From 1982 on, twelve French aeronautical cases were reported to
GEPANISEPRA. Of these, only three or four cases may be considered to be
radar-visual cases of the UFO type.

One of these casesis particularly interesting. Thiscase occurred on January
28 1994, about 70 kilometers southeast of Paris, at a height of 11,700 meters,
under excellent meteorological conditions. An object was first noticed by a
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steward who happened to be in the cockpit, and his observation was then con-
firmed by the copilot. The captain then saw the object. It was above the thick
layer of altocumulusclouds at 10,500 meters. The captain described the object
as resembling a gigantic disk (diameter about 1000 meters, thickness about
100 meters) with slightly fuzzy edges. The witnesses suddenly lost sight of the
object when the edges appeared to go out of focus and the object disappeared.

Corresponding radar information was obtained from the military air traffic
control (ATC). Theobject was positively detected by radar for a period of 50
seconds. The apparent speed of the object was measured first as 110 knots,
then as 84 knots, and subsequently as zero. The altitude of the object was not
recorded by radar. The radar was also tracking a nearby commercial aircraft
and appeared to be in good working order. There appears to be good corre-
spondence between the radar measurements and the visual observations.

Von Ludwiger also presented information concerning radar evidence, draw-
ing in part on the results of studies that he had carried out in association with
other members of the Mutual UFO Network (MUFON) Central European So-
ciety (MUFON-CES). For acertain period of time, they were able to obtain
records from both civil and military ATC radar systems. The Swiss Military
ATC was particularly cooperative, and provided several hundred hours of
radar data over the time period 1993 to 1996. Radar data were also obtained
from Belgian sources through the good offices of Professor A. Messens
(SOBEPS, 1991). Military ATC radar systems provide three-dimensional in-
formation, whereascivilian ATC radar systems provide only two-dimensional
information. Furthermore, the functioning of civilian ATC radar systems nor-
mally depend upon the cooperation of a transponder in the object being
tracked. For thisreason, civilian ATC radar records are usually not helpful for
the study of unidentified objects. Moreover, there is the general problem that
ATC systems are designed to register only targets for which the flight charac-
teristics fall within certain parameter ranges. For instance, any object that
moves faster than Mach 4, or does not follow a smooth trajectory, will be re-
jected by the system whether civil or military, and so will not be tracked. A
further limitation, relevant to the study in hand, is that conditions for a good
radar record and conditions for a good visual sighting are quite different. An
object can best be seenif itisat low altitude, but radar systems normally do not
detect objects at low altitude.

In the United States, the Federal Aviation Administration (FAA) radar rou-
tinely records on tape all targets, not just aircraft with transponders. Of
course, radar systems record only objects that are sufficiently close and have
high enough altitude. Although it is unlikely that private investigators will be
ableto obtain regular access to these records, such access has been granted on
occasion. Such data can be very helpful in providing physical evidence for
cases that have reliable witness testimony, in which case the records can be
compared to witness testimony to determine whether an object seen visually
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was also recorded on radar, and — if so — to obtain accurate velocity esti-
mates.

According to von Ludwiger, there are many events, involving both visual
observations and radar responses, in Swiss airspace but the radar records
are not publicly available. However, one case for which radar records were
released occurred on June 5, 1996 at about 2:30 p.m. Six employees, including
radar operators, of the military ATC at Dubendorf, Switzerland observed from
their building in Klothen alarge silvery disk apparently at a distance of 1700
meters. It appeared to be rotating and wobbling at an altitude of 1300 to 2000
meters. There was acorresponding recording of atarget by threeradar devices.

Von Ludwiger also mentioned a number of other cases of radar targets,
some of which followed curious trajectories unlike those of conventional air-
craft. Recognition of these anomalous trajectories typically came some time
after the events when the radar data were analyzed. Von Ludwiger considers
this to be one reason that (except for two cases) it was normally not possible to
find corresponding visual observations. Von Ludwiger considers that for
many of these cases the most likely explanation involves anomalous atmos-
pheric refraction of the radar signals, but that some cases for which the radar
records showed very long connected trajectories may have been produced by
real objects. (See Appendix 4.)

The panel concludes from these presentations that the analysis of radar
recordsisavery specialized activity that requires the services of radar experts.
(See, in this connection, Appendix 4.) The panel also notes that information
from military radar can be obtained only with the cooperation of military au-
thorities, and that most military authorities do not offer this cooperation. Al-
though intriguing cases have been presented by both Velasco and von Lud-
wiger, further study of this phenomenon by means of radar-visual cases may
not befeasible unless therelevant authorities recognize the mission of an offi-
cial UFO research organization (as has been done in France) and give thein-
vestigators clearance for access to some of the unexploited raw data. It would
be necessary for the research organization to help implement adequate soft-
ware modulesthat can read and store available datain a mode of operation that
does not interfere with the primary mission of the system.

6. Hessdalen Project

Strand summarized the design and operation of the Hessdalen Project.
Hessdalen is a valley in central Norway, 120 kilometers south of Trondheim.
The valley is 12 kilometers long and a maximum of 5 kilometers wide. The
hills to the west and to the east rise to about 1,000 meters above sea level.
Most peoplein thevalley live at aheight of about 800 meters.

In December 1981 the inhabitants of the Hessdalen valley began to report
seeing strange lights. They were sometimes visible three or four times a day.
There were hundreds of reportsduring the period 1981 to 1985, but the phenome-
non began to decresse during 1984, and since 1985 there have been com
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paratively few sightings. Most observationswere on winter nights: therewere
comparatively few during the summer or during the day.

Witnesses reported observations that seemed to fit into three different cate-
gories:

Type 1: A yellow "bullet,” with the sharp end pointing down.

Type2: A strong blue-white light, sometimes flashing, always moving.
Type 3: A pattern comprising many light sources with different colors
that moved asif they were physically connected.

In 1983, a small group with five participants set up "' Project Hessdalen."
‘ They received assistance from the Norwegian Defense Research Establish-
| ment, the University of Oslo, and the University of Bergen. They carried out
field work in the Hessdalen valley from January 21, 1984 to February 26,
1984, when up to 19 investigatorswere in thefield at the sasmetime. The pro-
ject then involved three stations with observers and their cameras, some cam-
erasfitted with gratings to obtain spectroscopic information. At the principal
station, observers used the following equipment: cameras, some fitted with
gratings; an infrared viewer; a spectrum analyzer; a seismograph; a magne-
tometer; radar equipment; alaser; and aGeiger counter.

Lights that were recorded to be below the contours of the mountains must
have originated in the Hessdalen region, but lights that were recorded to be
above the crest line may have originated at agreat distance. Without triangul a-
tion or other information, it is impossible to determine the distances of the
lights. However, some of the events that were seen as lights were tracked al so
by radar. If taken at face value, the radar measurements would imply speeds
up to 30,000 kilometers per hour. (However, see Appendix 4.)

During aperiod of four days, unknown lights were seen on 10 occasions, and
the flux-gate magnetometer registered 21 pulsations, of which 4 appear to cor-
respond with the observations of lights, suggesting an association between
some of the unknown lights and magnetic disturbances. The gratings on the
cameras were intended to obtain spectroscopic data: the spectra appear to be
continuous, with no indication of either emission lines or absorption lines.

Observations continue to be reported from the Hessdalen valley; therate is
now about 20 reports per year. An automatic measurement station, for installa-
tion in Hessdalen, is now being developed and prepared at Ostfold College
(Norway), that is the present base of Project Hessdalen. This station will in-
clude a CCD-type camera in the visible region. The output from the CCD-
camera will be fed automatically to a computer which will trigger a video
recorder. This automatic station will hopefully prove to be but afirst stepin the
development of a network of stations.

As aresult of this presentation, the panel concluded that there would be
merit to designing and deploying a not-too-complicated set of instruments.
These should be operated according to a strict protocol in regions where the
probability of significant sightings appears to be reasonably high. Itisrecom-
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mended that, as afirst step, a set of two separate video recorders be equipped
with identical wide-angle objectivesand installed on two distant fixed tripods
to help eliminate the possibility that some of the apparent motions detected by
video recorders are due to the operators' hand movements or ground vibra-
tions. It would also be useful to set up two identical cameras, one of which is
fitted with agrating. However, experience so far at Hessdalen indicatesthat a
grating may not be adequatefor obtaining spectroscopicinformation. In view
of the great importance of spectroscopic data, it would be highly desirablethat
special equipment be developed and deployed for obtaining high-resolution
spectroscopic data from transient moving sources. This may be a nontrivial
problem.

If it proves possible to obtain useful results from a small system, such as
suggested above, one may be able to make the case for the design and imple-
mentation of a permanent surveillance network. This should be designed as a
multi-purpose system so that costs and data can both be shared. Thiscould re-
semble the Eurociel project that was studied in Europe in the 1980s at the re-
quest of GEPAN/SEPRA. (See Appendix 1.)

The panel notes that in cases that invol ve repeated, semi-regular sightings of
lights (such as are said to occur at Hessdalen in Norway and at Marfa in Texas),
it is difficult to understand why no rational explanation has been discovered,
and it would seem that asmall investment in equipment and time should pro-
duce useful results.

7. Vehidelnterference

Rodeghier reviewed a small but important fraction of UFO reports that are
said to involve effects on electric lights, automobiles, and other machines of
various sorts. These reports have occurred throughout the modern era of UFO
reports (since 1947) and come from all over the world, although (as with all
UFO reports) they come primarily from Western nations. Of such reports,
those that involve claims of vehicle (mainly automobile) interference have re-
ceived most attention. One such caseis discussed below. A more comprehen-
sive discussion of vehicle interference cases is presented in the report by
Rodeghier (1981). (See Section 15.)

Haines City, Florida, March 20, 1992

Based on hisreview of theoriginal MUFON report, Rodeghier presented the
following summary of this case.

At about 3:50 am. on March 20, 1992, patrolman Luis Delgado in Haines
City (near Orlando), Florida, was checking the doors at local businesses. After
turning onto 30th Street, he saw a green light in hisrearview mirror. Seconds
later, the interior of his patrol car wasilluminated with agreen glow. An object
began pacing hiscar, moving from theright side to thefront of the vehicle sev-
eral times. Delgado called Police Dispatch at 3:52 a.m. and asked for backup
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and said " Something isfollowing the vehicle." When the object moved in front
of hiscar for thethird time, Delgado pulled off the road. When he did so, the
engine, lights, and radio on his patrol car ceased to function.

The object was about 15 feet long and thin, with a3-foot high center area. It
was a strange color of green, and the color seemed to "flow over the surface.”
The object was hovering about 10 feet off the ground. As he was stopped, the
object shone a bright white light into the interior of hisvehicle. At that point
Delgado got out of his car and tried to call Police Dispatch on his walkie-
talkie, but it would not function. He noticed that the air around him had chilled
and hecould see hisbreathfog. According to weather records, the temperature
a that time was about 60 F. Shortly thereafter, the object sped away at a
fantastic speed in about two or three seconds, moving low over theground. An-
other officer arrived just after the object had departed and found Delgado sit-
ting in his police vehicle with the left door open and one foot on theground. He
was shaking and crying and unable to talk. Eventually he recovered and filed
anincident report. The patrol car functioned normally after the event, and Del-
gado suffered no health problems. Review of the calls to the dispatcher indi-
cate that the duration of the event wasin therange 2 to 3 minutes.

Rodeghier pointed out that the Haines City report is typical of many other
vehicle interference reports in the following respects: according to the report,
the object was quite close to the witness (a™ close encounter™ case); the object
was of modest size; the object projected a beam of light into the vehicle; the
witness did not suffer any injury; the witness did experience an anomal ous ef-
fect (in this case, the chill in the air); and the object moved at very high speed
when it departed.

According to Rodeghier, many such cases have been reported, and he has
prepared a catalog of 441 vehicle interference cases (Rodeghier, 1981). (See
Section 15.) Itisnoteworthy that vehicles with diesel engines are affected only
very rarely (lessthan 1% of all vehicle interference reports).

According to Rodeghier, several hypotheses have been advanced to explain
these effects:

1. Theignition or other electrical system may have been disrupted by high
static electric or magneticfields.

2. Ignition of the gas-air mixture may have been affected by ionization of
the ambient air.

3. Fuel may somehow have been prevented from entering or leaving the
carburetor.

4. Theengineoperation may have been disrupted by electric fieldsinduced
by an alternating magneticfield, possibly of low frequency.

Clearly, laboratory tests on automobiles and their engines could be highly
informative. Some such tests have in fact been carried out. Staff of the Col-
orado Project (Condon & Gillmor, 1969) attempted to determine the effect of a
static magnetic field on a simulated automobile ignition system. The staff
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found that spark plugs continued to operate even in static magnetic fields as
high as 20 kilogauss. The Colorado Project staff also investigated the possibil-
ity that an automobile involved in such a case might display a change in the
pattern of its remanent magnetism (its "magnetic fingerprints™), but they
found that this had not occurred for the one case they examined. Rodeghier
reported that tests by Australian investigators on vehicles involved in two
events (Adelaide, South Australia, 1977, and Liverpool Creek, Queensland,
1979) also found no changesin remanent magnetism. On the other hand, Ran-
dles and her colleagues (Randles, 1979) found achange in magnetism for ave-
hicleinvolved in an event that occurred at Thaxted, Essex, England in 1977.
The panel found these reports to beintriguing. 1n order to contribute to the
analysis of such cases, however, scientists would wish to have available evi-
dence of avariety of types, certainly including narrative accounts, but also in-
volving more concrete information such as radar records, tape recordings, etc.
For further information about vehicle interference cases, see Section 15.

8. Interference with Aircraft Equipment

Richard Haines presented a summary of his extensive research into pilot-
UFO sighting reports. He now has a catalog of over 3,000 pilot reports, of
which approximately 4% involve transient electromagnetic effects allegedly
associated with the presence of strange objects. Another catalog of aircraft-
UFO-encounter cases (referred to by Velasco in Section 5) is being compiled
by Weinstein (1997) as a GEPAN/SEPRA project; this catalog currently con-
tains several hundred aircraft-UFO-encounter cases.

Haines pointed out some of the reasons that make pilot-UFO sighting re-
portsespecially valuableto the UFO investigator:

1) Pilots havereceived agreat deal of relevant specialized training and pos-
sess practical flight experiences which better qualify them to report ac-
curately what they see.

2) Pilots are highly motivated, yet do not over-react during stressful situa-
tions.

3) Pilots can change their flight path so as to see the ground behind the ob-
ject and thereby establish a maximum dlant rangetoit.

4) Pilots can use their radio to contact ground support for further informa-
tion or assistance.

5) Aircraft have awide variety of instruments that react differently to elec-
tromagnetic radiation.

Nevertheless, according to Haines, even an experienced pilot can be de-
ceived by some of the unusual phenomenalisted in Appendix 3.

Haines focused on cases that appear to involve transient electromagnetic
(EM) disturbances that occur only while one or more objects are seen flying
near the airplane and which return to normal as soon as the object departs
(Haines 1979; 1992). Haines has compiled a catalog of 185 such EM events
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which occurred over a51-year period (1944-1995), and has devel oped ataxon-
omy of electrical-system malfunctionson modern airplanes with which to cat-
egorize and better understand them. Thelargest category of effectsisairborne
radar contact, while the second largest category is radio interference or com-
plete but temporary radiofailure.

Haines discussed two pilot reportsin detail, one of which was an interesting
case that occurred at 2105 EST on March 12, 1977 between Buffalo and Al-
bany, New Y ork, that involved United Airlines flight 94, a nonstop flight from
San Francisco to Boston. The DC-10 airplane was under the control of autopi-
lot system #2 and was flying at 37,000 feet altitude. The entire sky was dark
and clear ahead and above the airplane, except for a partial undercast with
small cloudsextending to about 20 miles ahead. The aircraft wasflying at an
indicated air speed of 275 knots (true air speed 530 knots). The aircraft was
about half way between Buffalo and Albany, and had just changed from con-
tact withthe" FROM" VOR (Very-High-Frequency Omnidirectional Bearing)
signal emanating from Buffalo to the"TO" signal from Albany, The aircraft
was just south of Syracuse, New Y ork.

Suddenly and unexpectedly, the airplane began to turn to the left, making a
15 degree bank. Within a few seconds, the First Officer and the Captain
looked to the left side of their plane and saw an extremely bright whitelight at
about their own altitude. Subsequently, the Flight Engineer also looked and
saw thelight source. It appeared to be perfectly round and its apparent diame-
ter was about 3 degrees of arc. However, the Captain estimated the object to be
about 1,000 yards away and to be about 100 feet in size, that corresponds to an
angular size of 2 degrees. "ltsintensity was remarkable — about theintensity
of aflashbulb," he remarked. Boston ATC radioed to ask " United 94, where
are you going?' The Captain replied "Well, let me figure this out. | will let
you know." He then noticed that the three cockpit compasses (that use sensors
in different parts of the plane) wereall giving different readings. At thispoint,
the Copilot turned off the autopilot and took manual control of the airplane.

Based upon thefact that the object did not move laterally inthe cockpit win-
dow during the 45 degree | eft heading change and from knowledge of the turn
radius of thisairplane at its stated velocity, Haines calculated the approximate
distance to the object to be about 10 nautical miles. If the pilot's angular size
estimate for the object is accurate, this suggests that the light source was about
2100 feet across. The object appeared to stay with the airplane for 4 to 5 min-
utes, after which it departed very rapidly, disappearing within about 15 sec-
onds behind them to the west. The Captain asked ATC if they had any radar
traffic in that areaand received anegative reply.

The navigation system involves two gyro-suspended compasses, each cou-
pled to a special circuit with a' mismatch annunciator flag." If the readings
from the two compasses differ by 3 degrees or more, the autopilot should auto-
matically disengage and the mismatch annunciator flag should be displayed
(Powell, 1981). This forces the pilot to take manual control of the airplane.
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However in thisevent the readings on the two compassesdiffered by morethan
3 degrees yet the airplane remained on autopilot and the mismatch annunciator
flag was not displayed.

Haines reviewed severa possible interpretations of this event (cf. Perry
& Geppert, 1997). It seems most probable that the malfunction of the three
compasses was due to a transient perturbing magnetic field that disturbed the
two primary magnetic compasses, the sensor on the wing tip nearest the object
(which was controlling the active autopilot at the time) being disturbed more
than the other wing-tip sensor. Upon landing, the compasses were checked
and found to bein normal operating condition.

In responding to this presentation, the panel took the position that evidence
of interference with aircraft equipment isinteresting but, in the absence of cor-
roborative datafrom flight recorders and other mechanical or electrical record-
ing equipment, the evidence presented must be regarded as anecdotal. It is
quite possible that the persons making the report summarized above did indeed
see unusual and striking phenomena. It does appear that the airplane departed
from its normal flight path, but this could have happened for a variety of rea-
sons. Aswith reports related to other categories of physical evidence, the evi-
dence summarized in this section should be regarded as suggestive but far
from sufficient to establish any actual physical linkage between the reported
luminous phenomenon and the airplane's flight deviation. In order toimprove
our understanding of these phenomena, it will be necessary to establish more
definitefactsfrom the case work. Tothisend, there should be strong efforts to
quantify the observations and to obtain multiple measurements of the same
event, and investigators should bring a critical attitude to the compilation and
analysis of the data.

9. Apparent Gravitational and/or Inertial Effects

In his presentation, Swords focused on reports with details that, if true, are
difficult to understand in terms of our familiar concepts of gravity and inertia.
For instance, areport may describe an object that is stationary, yet completely
silent and has no visible means of support; thereis no rush of air and no roar
such asone would expect if the object were being supported by adownward jet
of gas. It may bereported that the object makes an abrupt velocity change —
either avery sudden acceleration or deceleration, or asudden change of direc-
tion, or both, and the witness may describe the event as being completely
silent. Accordingto Newton's third law of motion, any sudden change of mo-
mentum of an object should be accompanied by an opposite change of mo-
mentum of either matter or afield to which theobject iscoupled. According to
reports of the type described by Swords, there is no indication of what force
might support the object or what momentum transfer may have occurred.

Itisclear that future reports must, if they are to be considered seriously by
physical scientists, include very solid physical records that unfortunately pre-
sent reports do not: most of these cases are anecdotal and therefore very diffi-
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cult to assess. One of the better-documented cases occurred at approximately
11:00 p.m. on August 18, 1973. At that time, ahelicopter of the US Army Re-
serve was en route from Columbus, Ohio, to Cleveland, Ohio. In discussing
this case, Swords drew upon aninvestigation by Ms. Jennie Zeidman on behalf
of the Center for UFO Studies (Zeidman, 1979; see also Zeidman, 1988). The
four-man crew of an Army Reserve helicopter based in Cleveland, Ohio, flew
to Columbus for their regularly scheduled physical examinations. At about
10:00 p.m., after the examinations had been concluded, they left the medical
facility, drove back to the airport (a distance of two miles), filed aflight plan,
and then took off at approximately 10:30 p.m. The night was clear, calm, star-
ry and moonless, with 15-mile visibility. The helicopter was cruising at 90
knots at an altitude of 2500 feet mean sea level over mixed terrain averaging
1100 to 1200 feet elevation.

According to their reports, one of the crewmen saw a single red light off to
the left (west), apparently heading south, when they were about seven miles
east-southeast of the Mansfield, Ohio, airport. Thelast altitude the comman-
der noted was the initial altitude of 1800 feet msl (mean sea level), about 700
feet above ground level. At approximately 11:02 p.m. (about three to four
minutes after the above observation), the crew member in the right rear seat
noticed a single steady red light on the eastern horizon. It appeared to be pac-
ing the helicopter, and he reported this light to the aircraft commander. The
light continued its approach and the commander took over the controls from
his copilot and put the helicopter into a powered descent of approximately 500
fpm (feet per minute). He contacted Mansfield control tower but, after initial
radio contact, the radios malfunctioned on both VHF and UHF. Thered light
increased in intensity and appeared to be on a collision course at a speed esti-
mated to be above 600 knots. The commander increased the rate of descent to
2000 fpm.

A collision appeared imminent, but the light suddenly decelerated and as-
sumed a hovering relationship above and in front of the helicopter. The crew
reported seeing a cigar-shaped gray metallic object that filled the entire wind-
shield. It had ared light at the nose, a white light at the tail and a distinctive
green beam that emanated from the lower part of the object. The green beam
swung up over the helicopter nose through the main windshield and into the
upper tinted window panels, bathing the cockpit in green light. There was no
indication of noise or turbulence from the object. After afew seconds of hov-
ering, thelight accelerated and moved off to the west, showing only the white
"tail" light. Theobject made a sharp 40 degree coursechange during its depar-
ture.

While the object was still visible, the crew noted that the altimeter read
3500 feet with arate of climb of 1000 fpm, despite the fact that the collective
(the main power control that causes a helicopter to ascend or descend) was
still in the full-down position. The commander raised the collective and the
helicopter climbed nearly another 300 feet before positive control was re-
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gained, at which time the crew felt a slight bump. Radio contact with
Akron/Canton was then easily achieved. If these accounts are correct, the he-
licopter ascended from 1800 feet to about 3800 feet even though the heli-
copter controls were set to causeit to descend.

The Mansfield helicopter case is a particularly puzzling event since it
involved not only the testimony of the helicopter crew but that of independent
ground witnesses also. These witnessesinclude amother, three of her children
(ages 13, 11 and 10), and a stepchild (age 13). The witnesses were originally
driving in the family automobile, then parked it, whereupon two of the chil-
dren got out of the car for a better view. All the witnesses first saw an uniden-
tifiable pair of lights (onered, one green), and then the encounter between the
"object" responsible for the lights and the oncoming helicopter. Their ac-
counts are consistent in their essential elements, the most memorable aspect
being the powerful green light that lit up both the ground and the helicopter.
This element received further confirmation from another set of witnesses who
were retiring that evening in a nearby house, when they were disturbed by the
clattering of a helicopter and by apowerful beam of green light that swept over
their house and brightly illuminated their son's bedroom. Related evidence
comesfrom an airline pilot who (in the Mansfield area, about 1.5 hours before
the helicopter event) reported unidentified traffic that had the appearance of a
strong blue-green light source traveling at an altitude of about 30,000 feet.
Cleveland ATC could not detect any object painting an image on their radar
screens and so were unableto identify the object.

According to Swords, there was one item of physical evidence that could
have been investigated but apparently was not. The commander reported that
the magnetic compass began to spin during the event. The compass continued
to spin after the event and it was subsequently removed because it was unser-
viceable. Swords reported that some years after the event Captain Coyne ex-
pressed the opinion that his compass, that had not previously malfunctioned,
had somehow become demagnetized, but it was not clear whether this opinion
was merely aconjecture or whether it was based on |aboratory tests.

The panel finds reports of this type quite interesting, but without the exis-
tence of any solid physical evidence (such as analysis of the magnetic
compass might have provided), it isdifficult for a panel composed of physical
scientists to draw any conclusions. The panel also found it curious that the
commander did not know where to go to report what appears to have been an
extraordinary event. He contacted the Federal Aviation Authority Chief of
Operations at Hopkins field, but this official could not suggest an agency with
which the commander should file his report. About a month later, the com-
mander filled out an operational hazard report. Rodeghier advised the panel
that, since thetermination of Project Blue Book in late 1969, there has been no
official body to receive UFO reportsinthe U.S.A.

For further information about the Mansfield helicopter case, see Section 15.
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10. Ground Traces

A few of the reports that have been investigated by GEPANISEPRA show
ground traces that may be associated with the events reported by witnesses.
Similar cases have been documented by other investigators. Phillips (1975)
prepared acatalog of 561 such cases asa CUFOS report.

GEPANISEPRA has investigated only cases for which the following condi-
tions are met:

1. Information concerning the event has come to GEPANISEPRA from an
official source such asthe Gendarmerie, local police, etc.

2. Theevent isrecent (afew hoursto afew daysold).

3. Theareahas been protected and the traces have been preserved.

4. Sampling and measurements have taken place within a short time after
the event.

5. Meteorological conditions have been favorable for preservation of the
traces (norain, etc.).

Itis also desirable, but not essential that the event has independent credible
multiple witnesses.

The first steps — to protect the site, to make measurements, and to begin
collecting samples — are usually carried out by the Gendarmerie who have a
complete set of instructions in a manual prepared by GEPANISEPRA, who
have also devised procedures to be implemented by specialized laboratories
for the collection and analysis of samples. When the services of aspecialized
laboratory are requested, the laboratory personnel will go to thesitefor in situ
sampling.

Soil has the capability of retaining the effects of several processesincluding
mechanical, thermal, magnetic, radioactive, and physicochemical processes.

Mechanical: A continuous or brief mechanical pressure causes adistortion
of the soil. The compression of the soil can be measured by a penetra-
tion instrument, for instance.

Thermal: Measurement of the quantity of water in the soil, as compared to
nearby control samples, allows determination of the amount of energy
required to reduce the water content to that level.

Magnetic: Some soils have a high magnetic remanence. In this case, it is
useful to examine the magnetic pattern of the soil with the help of mag-
netometerseither in situ or (after sampling) in alaboratory.

Radioactivity: Such measurements may be made in situ or carried out on
samples in thelaboratory.

Physicochemical: Samplesfrom the trace region and control samples away
fromthetraceregion can be analyzed for molecular, atomic and isotopic
composition, etc.

Velasco described in detail their investigation of an event that occurred near
Trans-en-Provence, France, on January 8, 1981 at about 5:00 p.m. (Bounias,
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1990; Vallee, 1990; Velasco, 1990; see Section 15.) Oneweakness of thiscase
is that there was only one witness. The witness was working in his garden
when he heard alow whistling sound. Upon turning around, he saw an ovoid
object in the sky that approached the terrace at the bottom of the garden
and landed. The witness moved forward cautiously to observe the strange phe-
nomenon but, within a minute, the object rose and moved away in the same
direction from which it had arrived. It continued to emit a low whistle. The
witness approached the scene of the apparent landing and observed circular de-
pressions, separated by acrown, on the ground.

The Draguignan Gendarmerie arrived the next day (January 9) to investi-
gate the report and, following GEPANISEPRA instructions, took samples
from the ground and from the vegetation. The Gendarmerie found two con-
centric circles, one 2.2 meters in diameter the second 2.4 meters in diameter.
Between the two circles was a raised area 10 cm wide. They found, on this
raised area, two sectors, diametrically opposite, each about 80 cm long, that
contained black striations similar to abrasion traces.

A team from GEPANISEPRA carried out a site visit on February 17, 1981,
40 days after the event. The trace was still visible since there had been very
little rainfall since January 8. The arc-shaped area, lighter than the rest of the
terrain, was still visible. The soil in this region was heavily compacted, form-
ing a crust. Soil samples were taken both on January 9 and on February 17.
These samples were then forwarded to various laboratories equipped for phys-
ical and chemical analyses. It wasfound that the compacted soil had athick-
ness of 6-7 mm. There was no trace of organic compounds such as one might
expect to be produced by combustion. There was someevidence of iron in the
form of striations about 1 micron thick, but the iron was not accompanied by
chromium, manganese or nickel as would be the case for steel. There was
some evidence of polymers. Traces of phosphate and zinc were also found.
Traces visible as striations seemed to have been produced by a combination of
mechanical and thermal effects.

Visua and microscopic examination revealed that, apart from the striations,
the soil had been compacted without major heating, since the structure of cal-
cium carbonate was not affected. Velasco has made an order-of-magnitude es-
timate indicating tnat, to produce the measured compression of the soil, one
would need a stationary object of about 700 kilograms. On the other hand, the
sameindentationsin the soil could have been made by an object of lower mass
if the object were moving at afew meters per second at the time of impact.

The panel was intrigued to learn that ground traces appear to be associated
with some UFO reports. These traces could of course be spurious with no rela-
tion whatever to the reported event, they could be due to hoaxes, or they could
infact berelatedto areal event. Clearly, it isessential to devise measurement
procedures that can distinguish between these three possibilities. For thisto be
possible, it would definitely be helpful to have ""baseline" measurements for
some likely spurious causes and for hoaxes. The possible spurious causes
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would of course depend upon the location in which the event occurs. For in-
stance, in the Trans-en-Provence case in which the event occurred in a veg-
etable garden, the trace may have been caused by some piece of gardening
equipment such as a metal water barrel. Similarly, someone perpetrating a
hoax might have used a standard or manufactured wheeled object. Rather than
leave the effects of such spurious causes or hoaxes up to speculation, it would
clearly be advantageous to havefirm information on which to base ajudgment
such as could be provided by relevant experiments. The investigators could
move a water container to a similar patch of earth, or create a trace with a
wheeled heavily laden object, and then compare measurements of those traces
with measurements of the trace associated with the UFO report.

Experiments such as the above could be specific to a particular case or they
could be generic. If such experiments became the rule rather than the excep-
tion, it would become possiblefor an investigator to consult a catalog of spuri-
ous causes or of hoaxesas well asacatalog of claimed "rea" events.

For further information about the Trans-en-Provencecase, see Section 15.

11. Injuriesto Vegetation

In some cases that involve an apparent disturbance to the soil, there may
also be an apparent injury to vegetation. Velasco stated that four such cases
have been investigated by GEPAN/SEPRA: the " Christelle" case of Novem-
ber 27, 1979; the " Trans-en-Provence" case of January 8, 1981; the "Ama-
rante" case of October 21, 1982; and the "Joe le Taxi" case of September 7,
1987.

In the Christelle case, in which grass was flattened in a uniform direction,
plant physiology analysis was subsequently carried out by Professor Touze of
the Laboratoire de Physiologie Végétale de 1’Université Paul Sabatier (the
Center for Plant Physiology, Paul Sabatier University), Toulouse. The Trans-
en-Provence case will be discussed later in this section. Inthe Amarante case,
that took place near Nancy, grass was lifted up, the amarante leaves withered,
and the amarante fruit seemed to have exploded. The plant physiology was ex-
amined by Professor Abravanel , also of the Laboratoire de Physiologie Végé-
tale de I’Université Paul Sabatier (the Center for Plant Physiology, Paul
Sabatier University), Toulouse. Inthe Joe le Taxi case, birch leaves were af-
fected by theincident, and abiochemical analysiswas carried out by Professor
Michel C. L. Bounias of the Biochemistry Laboratory at INRA (National In-
stitute of Agronomy Research), University of Avignon.

In the Trans-en-Provencecase of January 8, 1981, discussed alsoin the pre-
vious section (Bounias, 1990; Vallee, 1990; Velasco, 1990; see Section 15),
the Gendarmerie took one sample 1.5 metersfrom the center of aground trace
on January 9 and another sample, 20 meters from the center, on January 23.
On February 17, 1981, investigators from GEPAN/SEPRA visited the site and
took a series of samples beginning at the center of the ground trace and ending
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10 meters from the center. Bounias examined the samples in his
laboratory. The principal procedure for biochemical analysis was that of de-
termining the chromatograms of the pigments. Thisyielded informationfor a
number of biochemical components (chlorophylides; xanthines; oxychloro-
phylls; lutein; chlorophyll A; chlorophyll B; pheophytins; and  carotene).

In samples taken from the periphery of the ground trace, the chlorophyll A
content had been reduced by 33%, the chlorophyl!l B content by 28% and the
pheophytin content by 31%. Bounias also found that the B carotene content
had been reduced by 50-57% and the violaxanthine content by 80%. The
above changes, which normally occur as the result of aging of a plant, were
found both in the samples removed by the Gendarmerie within one day of the
event, and by the samples taken by the GEPANISEPRA investigators 40 days
after the event. As one may see from the article by Bounias (1990), the bio-
chemical changes show a strong correlation with distance from the center of
the event. It appears that the magnitude of the effect is associated with a spe-
cific quantity (thedifference infreeenthal py) associated with the biochemical
change. According to Bounias, the glucide and amino-acid content of very
young leaves had been changed to become nearer the content characteristic of
old leaves.

Bounias carried out certain experiments to try to determine what form of
trauma may have been responsible for these biochemical changes. As atoxi-
cologist, Bounias rejected the hypothesis that the changes could have been
caused by a deliberate act involving chemical poisons. Bounias also found
that some of the changes could have been caused by powerful microwave radi-
ation. However, microwave radiation by itself would not explain the photo-
synthetic breakdown or certain other characteristics of the injuries. Bounias
found no evidence of effects that one might expect to be produced by ionizing
radiation. Thisis consistent with the fact that there was no trace of radioactiv-
ity at thesite.

Velasco also reported the GEPANISEPRA investigation into the “Ama-
rante” case that occurred at Nancy on October 21, 1982. The witness, whoisa
biologist, reported that an ovoid object descended into his garden but did not
descend lower than 1 meter above the ground. The witness observed the object
for 20 minutes before it took off vertically into the sky. The witness did not
hear any sound or feel any heat during the encounter, nor were there traces on
theground, However the witness reported that, just before the object departed,
the grass blades stood up straight. Subsequent investigations showed that this
phenomenon could be reproduced in the laboratory by using very intense el ec-
tricfields (several tens of kV/m).

The GEPANISEPRA investigators found that the amarante plants located
near the object had become desiccated whereas similar plants further away
were in normal condition. The fruit of plants from the vicinity of the object
looked as if they had been cooked. Further biochemical analyses of the sam-
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ples gave results consistent with what one would expect of plantsthat had been
dehydrated.

The panel wasimpressed by the detailed information that can be obtained by
laboratory investigation of samples of vegetation taken from the location of a
claimed UFO incident. It appears that a great deal more could be done in the
way of laboratory experiments to study the effects of various kinds of radia-
tion and other forms of trauma upon vegetation. One should also examine the
kinds of effectsthat could be produced by techniques that might beinvolved in
a hoax, such as chemicals, heat from a blow torch, etc. Such studies would
help identify a hoax, if it has been perpetrated, or the studies may lead to the
conclusion that ahoax isavery unlikely explanation of thetraces. Inthelatter
case, it may or may not be possibletoidentify the type of technological device
that would produce the radiation, or combination of radiations, necessary to
produce theidentified injuries to the vegetation.

For further information about the Trans-en-Provence case, see Section 15.

12. Physiological Effectson Witnesses

UFO reports sometimes include references to physiological effects on wit-
nesses. These effects can range from mild temporary sensations to long-term
injuries. Such cases were reviewed by Schuessler. (See Schuessler, 1996, and
Section 15).

Among thetemporary sensations experienced by witnesses, Schuessler gave
thefollowing examples: astrong sensation of heat that was reported in associ-
ation with an event at Mount Rouge, Quebec, Canada on September 20,1972;
a"cold" feeling reported by awitnessto an event near Eggardon Hill, England,
on September 24, 1974; an experience of shock, reported by two witnesses to
an event near Tyler, Texas, on November 26, 1976; asensation like being "hit
with awet blanket" and avery uncomfortable feeling of being unable to move,
reported by two witnesses of an event that occurred near Anderson, Indiana, on
August 12, 1981; and atingling sensation, an inability to move, and an experi-
ence of having the hair on the neck stand on end, that were all reported by a
witness of an event that occurred near Barnsley, Y orkshire, England, on Au-
gust 15, 1956.

Schuessler also described several cases in which witnesses experienced
multiple sensations including the following: uncontrollable hand motion; eye
irritation; difficulty in breathing; an acid taste in the mouth; a sensation of the
hair on thearm standing up; loss of consciousness; eye damage so that the wit-
ness could barely see; amark on the hand of a witness where she reported that
she has been hit by abeam; ared crust of soft skin on theface that felt sensitive
to the touch; and a sensation of heat. Physiological effects were reported that
could be long lasting, including the following: burns; temporary deafness;
singeing of hair; laceration; swelling; nausea, that could continue for months
and could lead to weight loss; loss of sight that could take monthsto overcome;
severe itching; memory loss, bum marks; double vision; nose bleeds; and
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change of urine color. For more information on cases leading to such effects,
see Schuessler (1996).

Schuessler gave an extensive account of a notable case that occurred near
Dayton, Texas, on December 29, 1980 (Schuessler, 1981; 1988; 1998). Thisis
known as the " Cash-Landrum™ case since it involved Betty Cash, then a 51
year old business woman, and Vickie Landrum, then a57 year old employeein
arestaurant. It also involved Landrum's grandson Colby, then 7 years old.
According to their reports, they encountered a large diamond-shaped object
hovering above the road in front of them. Flames were belching from the bot-
tom of thecraft. Theinterior of the car became hot, forcing them to leave the
vehicle. However, Colby and Landrum returned to the vehicle out of fear.
Cash remained outside the automobile for seven to ten minutes. The object
rose into the night sky and moved away. According to their reports, the object
was accompanied by 23 helicoptersthat Cash and Landrum assumed to be mil-
itary.

The witnesses wereinitially affected mainly by the heat and the bright light,
and they developed headaches. During the night, Colby vomited repeatedly
and his skin turned red. The same happened to Landrum. Cash fared even
worse: large water blisters formed on her face and head, and by morning her
eyes had swollen shut. The three witnesses continued to have severe nausea:
even water would make them vomit; they developed diarrhea, and their health
deteriorated severely. Cash was taken to a hospital where she was treated as a
bum patient. This was the first of more than two dozen periods of hospital
confinement for Cash.

Schuessler listed the following medical problems developed by the three
witnesses: eyes swollen, painful and watery; permanent damage to the eyes,
stomach pains, vomiting and diarrhea; sores and scarring of skin, with loss of
pigmentation; excessive hair loss over a several-week period, the new hair
having a different texture from the old; loss of appetite, energy and weight;
damage to fingernails and shedding of fingernails; increased susceptibility to
disease; and cancer.

The Cash-Landrum case seems to be unique in that there is detailed docu-
mentation of the injuries (photographs, etc.), and of the subsequent medical
treatment. The case seems also to be unique in that it appeared to involve mil-
itary helicopters, raising the possibility that a secret military operation wasin
progress (Schuessler, 1996).

As Schuessler pointed out, most witnesses who suffer from injuries do not
tell their physicians about the events that appear to have led to injuries and, if
they do, they find that the physician does not believe them. Follow-up exami-
nations are rare, and investigators usually collect little more than anecdotal
data. Nevertheless, some patterns seem to emerge concerning the types of in-
jury that are reported: it appears that bums (and/or sensation of heat) and eye
problems are the most frequently reported forms of injury.

The panel members were concerned with these accounts, since it appears
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that some events related to UFO reports may constitute a public health prob-
lem. However, theevidenceisweakened by thefact that, in most cases, no un-
affected and independent witness is present. The available evidence (that is
admittedly sparse) seems to be indicative of microwave, infrared, visibl., and
ultraviol et radiation, although afew cases seem to point towards high doses of
ionizing radiation such as X-rays or gamma rays. Most of the reported eye
problems (sometimes long lasting) may be attributed to strong UV radiation.
Superficia burns may be dueto UV radiation, but deeper bums may be due to
microwaves. It may be noted that injuries to vegetation (see Section 11), that
include desiccation and "aging," also may be duein part to microwave radia-
tion.

Unfortunately, cases that involve injuries to animals and people are usually
not well documented, and lack an adequate description of the injuries and of
the follow-up investigations (if any). Research is also made difficult by the
fact already mentioned that victims typically give no information to the at-
tending physician and that, when they do, the physicians tend not to believe
them. This does not helpin the medical diagnosis and treatment. Some cases
come to the attention of UFO investigators only years after the event. Never-
theless, it appears that the reported casesinvol ve very uncommon injuries, that
have probably been brought about by sources of intense radiation that are usu-
aly not accessible tothe public.

Schuessler's presentation included an account of the protocolsdevel oped by
UFO medical expertsfor theinvestigation of such cases. The panel suggested
that additional relevant tests include tests for radioactive contamination or in-
take, and also tests for possible chromosomal changesin the lymphocytes that
might yield evidence of exposures to ionizing radiation. Investigators and
physicians could employ some of the general procedures developed and pub-
lished by the International Commission on Radiological Protection (ICRP),
for responding to emergency and accidental exposures toionizing radiations.

For the well-being of victims, and for research purposes, it isimportant that
victimsreceivetreatment rapidly. For thisto occur, itisnecessary that doctors
should be educated to immediately report cases of unusual injuries, such as
those mentioned in this section, to an official organization. For research pur-
poses, it is essential that there be strong witness testimony supplementary to
that of the victims of theevent. Furthermore, it would be helpful if aninvesti-
gation protocol could be developed for this important category of cases that
would guide theinvestigators as well asthe examining physicians.

For further information about physiological effects on witnesses, see Sec-
tion 15.

13. Analysisof Debris

Valleereviewed several casesin which material sampleswere reported to be
associated with unexplained aerial events. Vallee specified four criteria that
led to his selection: the documentation of witness testimony; the
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circumstances surrounding the recovery of the specimen; evidencelinking the
specimen to the reported object; and laboratory analysis of the samples.

Vallee devoted most timeto acase that occurred at Council Bluffs, lowa, on
December 17, 1977. Several residents of the town observed a bright flash at
7.45 p.m. The flash was followed by flames 8 to 10 feet high. When the wit-
nesses reached the scene of the event, they found alarge area of adike at Big
Lake Park, on the northern city limits, covered with a mass of molten metal
that glowed red-orange and had ignited the grass.

Police and firefighters reached the scene within minutes of the event. One
law-enforcement officer described the molten mass as boiling and running
down the edges of thelevee over an areaof about 4to 6 feetin extent. The cen-
tral part of the material remained warm to the touch for another two hours.
There were 11 witnesses in all. Two of the eleven witnesses had observed a
lighted object in the sky prior tothefall of the material.

The sampl e recovered from the event was analyzed at |owa State University
and at the Griffin Pipe Products company. It was found that the metal was
mainly iron with small amounts of aloying materials such as nickel and
chromium. The analysts concluded that the material was similar to carbon
steel. However, they eliminated the following four possibilities:

a) Anunknown person poured molten metal on the ground as a hoax;

b) An unknown person created molten metal as a hoax by using thermite
and ordinary metal;

¢) The material came from equipment from an aircraft; or

d) Theevent was dueto ameteoriticimpact.

The origin of the sample therefore remains unidentified.
Vallee al so discussed the following cases:

Maury Island, Washington, June 21, 1947. Debristhat was claimed to be as-
sociated with an aerial explosion appeared to be similar to debrisfrom a Taco-
ma slag mill, leading the authorities to conclude that the case was probably a
hoax. However, some aspects of the case have never been fully elucidated.

Campinas, Brazil, December 14, 1954. An object, described as disk-like,
was said to have wobbled and lost altitude and to have emitted athin stream of
silvery liquid that was subsequently determined to betin.

Vaddo Island, Sweden, November 11, 1956. Witnesses found a shiny
"rock," hot to the touch, near the landing site of astrange object. The “rock”
was found to be composed of tungsten carbide and cobalt.

Vallee also gave brief mention of thefollowing cases. Aurora, Texas, April
17, 1897; Washington, D. C., 1952; Ubatuba, Brazil, date on or before Sep-
tember 1957; Maumee, Ohio 1967; and an event that occurred in Bogota,
Columbiaeitherin 1975 or in 1976.




210 P A. Sturrock et al.

The panel found that reports of unusual metallic residue following the
observation of an unexplained aerial phenomenon are detailed enough for
comparative studies to be undertaken. The Council Bluffs case is notable
since the conditions of witness availability and reliability, on-site testimony
from law-enforcement officers, and rapid analysis, appear to have been satis-
fied. Some of the other cases, such as the Bogota case and the Ubatuba case,
are sufficiently intriguing to encourage investigators to expand their field in-
vestigations.

None of the cases presented provide clear proof of a samplethat is outside
present scientific knowledge. Nevertheless, the panel encourages the search
for further casesfor which Vallee’s four conditions are met, and urgesthat the
associated material samples be subjected to careful analytical studies of ele-
mental and isotopic compositions, etc.

For further information about the analysis of debris, see Section 15.

14. RecommendationsConcer ningl mplementation
P. A. STURROCK

The purpose of this section is to summarize ideas of what might be done to
implement the panel's suggestions that were presented in their Summary
Report (Section 1). The panel's observations and recommendations may per-
haps be summarized very briefly as follows: The UFO problem is not simple
and should receive more attention, with an emphasis on physical evidence;
regular contact between UFO investigators and the scientific community
would be helpful, as also would institutional support; and the possibility of
health risks associated with UFO events should not beignored.

The panel was greatly impressed by work reported from GEPAN/SEPRA,
the French project originally GEPAN and now known as SEPRA (see Appen-
dix 1), and there is no doubt that the best prospect for real advance in our un-
derstanding of the UFO problem would be the creation of similar projects in
other countries, for the following reasons:

1. Such a project could be mandated to obtain access to relevant data such
as policerecords, radar records, etc.

2. Theproject could organize and draw upon a network of laboratories and
consultants.

3. Theproject could set up and maintain acentral database.

4. The project could construct and operate one or more mobile' observato-
ries" that would include a number of cameras and other detectors
including, as a minimum, optical, infrared, spectroscopic, acoustic,
magnetic and radiation instruments.

5. New cases could be investigated from the outset purely on the basis of
data collected by official channel sand procedures.
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6. If thereisindeed a health hazard associated with some events related to
the UFO problem, some government office should offer a response to
this hazard.

Even the most speculative hypotheses could be evaluated by a well con-
ceived and well supported project. For instance, an analysis of the isotopic
composition of material specimens could provide evidence that a specimenis
probably of extraterrestrial origin, and analysis of the spectra of stationary ob-
jects, if it weretoyield evidenceof red-shifts or blue-shifts corresponding to a
fraction of the speed of light, could indicate that some extraordinary physical
process isinvolved. However, material specimens are rare, and it would take
special equipment (that does not now exist) to obtain high-resolution spectra
of transient and unpredictable sources.

We realize that not every country could duplicate GEPAN/SEPRA, since
not every country has a national police force similar to the French gen-
darmerie. Furthermore, the creation of any such project would represent a po-
litical act that can be taken only by a national government for its own reasons
or in response to public pressure.

For thesereasons, it is necessary to berealistic and look for more modest ap-
proaches that could be initiated without government action. It would appear
that progressis most likely to come about through incremental changesin in-
stitutional support and incremental changes in level of interest, these changes
occurring symbiotically. We therefore inquire into what small positive
changes could be made by scientists and by private institutions such as soci-
eties, journals, universitiesand foundations.

Themost important change that could be made by scientists isto become cu-
rious. Inview of thefact that modern UFO reports began in 1947, in view of
the emergence of clear patternsin UFO reports (as was established some time
ago by Poher {1973] among others), and in view of great public interest, it is
remarkable that the scientific community has exhibited so little curiosity in
the past.

Thereisno doubt that this lack of curiosity isduein part to alack of reliable
and accessible information. When Sturrock carried out a survey of members
of the American Astronomical Society in 1975, he asked if members would
liketo obtain moreinformation about the UFO problem, and most respondents
replied that they would (Sturrock, 1994; 1994b; 1994c¢). Sturrock also asked
whether members would like to acquire this information from lectures, sym-
posia, books, or journal articles; most respondents wanted only journal arti-
cles. At that time, most editors of most scientific journals would not consider
accepting an article on the UFO problem. Since that time, the Society for Sci-
entific Exploration has been founded, and itsjournal is now in its 12th year of
publication. However, the journal can be found in only a few university li-
braries. Hence the situation persists that it is not easy for scientists to obtain
information about the UFO problem by the normal process of going to theli-
brary and looking up journal articles.
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Clearly, thereis a need for achangein policy on the part of journal editors.
The scientific community would become much better informed if the major
multi-disciplinary scientific journals were to carry occasional review articles
that could guide readersto the specialized journals where more detailed infor-
mation could be found.

Similarly, it would be very helpful if the major scientific societies were
occasionally toinclude areview lecture or areview session containing several
lectures devoted to the UFO problem. Specialized societiescould also play an
important role. For instance, ameteorological society could review those me-
teorological phenomenathat are most likely to be responsiblefor UFO reports.

It islikely that more scientists at universities would take an interest in this
problem if they felt that their activities would receive the same recognition
and level of support as their more conventional research. Moreover, students
would become better informed if there were occasional lecturesor seminarson
this subject. Investigatorscould help this process by devel oping resource ma-
terial for such seminars.

However, even without waiting for such achangein policy of journals, soci-
eties and universities, scientists could exhibit a great deal more curiosity than
they do now. Of course, it must be professional curiosity if itistolead to pro-
fessional results. It is not enough for a scientist to occasionally pick up a
tabloid at the supermarket check-out stand. To become at all knowledgeable
about the subject, a scientist should read the Condon Report (Condon & Gill-
mor, 1969), the report of the UFO Subcommittee of the American Institute of
Aeronautics and Astronautics (Kuettner et al., 1970) and its supporting arti-
cles (MacDonald, 1971; Thayer, 1971), and obtain as much information as
possible about government-sponsored studies such as U. S. Air Force projects
Sign, Grudge and Blue Book. [See, in particular, Blue Book Special Report
No. 14 (ATIC 1955).] Jacobs (1975) remains an excellent introduction to the
history of this topic. He or she would then be well advised to read some of the
reports of GEPAN/SEPRA, the French official study group. (See Appendix
1)

Study of the material mentioned in the preceding paragraph may arouse suf-
ficient interest that a scientist would wish to become involved in actual
research. Unfortunately, it would befar more difficult for ascientist to plan ef-
fectiveresearch on the UFO problem than in hisor her main researcharea. The
scientist would therefore be well advised to collaborate with one or more in-
vestigators with experience in field work or some other aspect of UFO
research. Such collaboration would be greatly facilitated if, as the panel rec-
ommended, there were" some form of formal regular contact betweenthe UFO
community and physical scientists. Such contact could help acquaint a
broader spectrum of UFO investigators with the normal procedures, protocols
and standards of scientific research.

The proposed further contact could take the form of workshops similar to
that held at Pocantico: such workshops could focus on some more limited as-
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pect of physical evidence, or they could deal with quite different aspects of
UFO research. The panel recognized the importance of "' strong witness testi-
mony," but of course physical scientists have no expertise relevant to that
aspect of the problem; it might therefore be very helpful to hold a workshop
dedicated to the collection and evaluation of witness testimony.

In the absence of government funding for UFO research, foundations and
corporations can play an important role. It islikely that significant progress
would be made if funds were to be made availablefor the support of (a) further
workshops similar to the Pocantico workshop, (b) afew research projects that
might be identified during the workshops, and (c) one or more symposia at
which the results of these research projects would be presented and discussed.

The UFO problem is very complex and it isquite impossible to predict what
might emerge from research into thisarea. But the sameistrue of any really in-
novative and exciting area of scientific research. As the panel remarked
“Whenever there are unexplained observations, there is the possibility that
scientists will learn something new by studying those observations." What is
learned may bear no relation to the conceptsthat were entertained when the re-
search was undertaken. We venture to hope that more scientists will takean in-
terest in this curious subject so that there will be more progressin the second
half century than there has been in thefirst half century. There could hardly be
less.

15. Web-Site: Supporting Documentation
The following documents may befound on the web site [http://www.jse.com].
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Haines, R. F. (1987). Analysisof a UFO photograph. J. Scientific Exploration,
1, 129.

Haines, R.E,, & Vallee, J. F. (1989). Photo analysis of an aerial disc over Costa
Rica. J. Scientific Exploration, 3, 113.

Haines, R. F.,& Valleg, J. F. (1990). Photo analysis of an aerial disc over Costa
Rica: New evidence. J. Scientific Exploration, 4, 71.

Section 4. Luminosity Estimates

Vallee, J. F. (1998). Estimates of optical power output in six cases of unex-
plained aerial objects with defined luminosity characteristics. J. Scientific

Exploration,12 (in press).

Section 7. Vehicle Interference

Rodeghier, M. (1981). UFO Reports Involving Vehicle Interference.
Evanston, Illinois: Center for UFO Studies.
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ration, 4, 1.

Vallee, J. F. (1990). Return to Trans-en-Provence. J. Scientific Exploration, 4,

19.
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Appendix 1
Offical UFO Investigationsin France: the GEPANISEPRA Project
F.LOUANGEAND J}J. VELASCO

For more than 20 years, the French space agency has conducted anon-mili-
tary but official investigation into UFO reports. In itsfirst phase, the project
was hamed GEPAN and its focus was primarily on UFO reports. Subsequent-
ly, the project was renamed SEPRA and was assigned a more general responsi-
bility for studying all atmospheric reentry phenomena. In the body of the
report, we have for convenience referred to the project as " GEPANISEPRA."
This appendix gives a brief summary of the history, mission, operations and
achievements of this project.

TheFrench space agency is known as CNES (Centre National d’Etudes Spa-
tiales). It wasfounded in 1962 to conduct French space activities on anational
basis and also in the context of the European Space Agency (ESA) or of other
international collaborations. CNES currently has 2,500 employees. The
CNES headquartersarein Paris but itstechnical center isin Toulouse.

GEPAN (Groupe d’Etudes des Phénomeénes Atrospatiaux Non-identifits —
Study Group for Unidentified Aerospace Phenomena) was established asade-
partment of CNES in Toulousein 1977. At that time, its head was Dr. Claude
Poher, who had already performed statistical analyses of filescontaining sever-

e —
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al thousand observations worldwide (Poher, 1973). CNES set up a scientific
advisory board comprising astronomers, physicists, legal experts and other
eminent citizens to monitor and guide GEPAN’s activities.

Thefirst tasks undertaken by GEPAN were;

o To establish data collection procedures in conjunction with the Air
Force, civil aviation authorities, the Gendarmerie (French internal po-
lice), meteorological offices, the national police, etc..

To conduct statistical analysesof eye-witness reports.

« Toinvestigate previously reported cases.

Theseinitial studiesled to the following conclusions:

Those events that remain unexplained after careful analysis are neither
numerous nor frequent.

The appearance of some reported phenomena cannot readily be inter-
preted in termsof conventional physical, psychological or psycho-social
models.

« Theexistence of aphysical component of these phenomena seems high-

ly likely.

Following theseinitial steps, GEPAN undertook to develop a more theoreti-
cal but rigorous approach to these studies. It was clear at the outset that it
would be necessary to consider both the physical nature and the psychol ogical
nature of the phenomenon. In order to fully understand a witness's narrative
account, it was necessary to consider not only the account but the psychology
and personality of the witness, the physical environment in which the event
occurred, and the witness's psycho-social environment.

GEPAN negotiated agreements with the Gendarmerie Nationale, the Air
Force, the Navy, the meteorological offices, police, etc. These negotiations
led to procedures by which these organizations provided GEPAN with relevant
reports, video tapes, films, etc., which were then processed and analyzed either
by GEPAN or by associated laboratories. However, from 1979 on, GEPAN
worked mainly with reports from the Gendarmerie since these reports proved
to be best suited for GEPAN’s purposes.

GEPAN developed aclassification system to reflect the level of difficulty in
understanding the reports:

Type A: The phenomenon isfully and unambiguously identified.

Type B: The nature of the phenomenon has probably been identified but
some doubt remains.

Type C: The report cannot be analyzed since it lacks precision, so ho opin-
ion can beformed.

Type D: Thewitness testimony is consistent and accurate but cannot bein-
terpreted in terms of conventional phenomena.

Reports of Type A and Type B were further subdivided into astronomical,
aeronautical, space, miscellaneous, and identified. GEPAN carried out statis-
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tical analyses aimed at classifying cases according to sets of physical charac-
teristics.
Two types of investigationswere carried out on individual reports:
. Mini-investigations, that were applied to cases of limited significance;
and

* Full investigations, that were applied to unexplained cases (Type D) in
which effort was made to obtain as much information as possible, in-
cluding gathering and analyzing physical and biological evidence.

During the GEPAN phase, the project initiated several lines of research in-
volving other laboratories and consultants. These were aimed at seeking a
possible basis for modeling unexplained aspects of UFO reports, as well as
seeking new techniques for the more activeinvestigation of UFO events by the
development of detection systems. These research topicsincluded:

« Research on possible magnetohydrodynamic propul sion systems;

« Study of facilities to collect unexpected atmospheric phenomena on a
worldwide basis, that led to the proposal of the Eurociel Project to de-
velop a network of ground stations equipped with wide-angle observa-
tion systems and powerful real-time processing algorithms;

« Methodology for image analysis (photographs, videos, etc.); and

« Study of aeronautical cases, especially radar-visual cases.

In 1988, GEPAN was replaced by SEPRA (Service d’Expertise des
Phénomenes de Rentrées Atmosphériques — Atmospheric Re-entry Phenom-
ena Expertise Department). M. J-J. Velasco, who had been a member of
GEPAN since the very beginning, took charge of this new project that was
then assigned awider mission. This new project wascalled upon to investigate
al re-entry phenomena including debris from satellites, launches, etc.
However, the budget was drastically reduced so that research into UFO reports
could not be maintained at the earlier level. Nevertheless, all existing official
procedures concerning data collection have been maintained to ensure conti-
nuity in receiving reports.

After 21 years of activity, the GEPAN/SEPRA files now contain about
3,000 UFO reports supplied by the Gendarmerie. About 100 of these reports
were found to justify specific investigations. Of this number, only afew cases
remain unexplained today.

There have been attempts by SEPRA to increase the scope of the project at
least to a European level, but this has not yet been successful. One of these
attempts was the " Eurociel™ project: the basic concept was to implement two
sets of wide-angle optical detection stations, sited some tens of miles apart fol-
lowing aparallel of |atitude, each station to be equipped with CCD-type cam-
eras, with aminimum of onein thevisible and onein theinfrared. The output
from these cameras would feed datainto amicrocomputer that triggers record-
ing of the data when the computer determines that a change has suddenly
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occurred. The datafrom all these stations would be stored in a central facility
to permit the calculation of trajectories. Such a system could detect lightning,
meteors, unknown satellites, and other known or unknown phenomena.

During the GEPAN phase, the project produced many reportsand investiga-
tions and technical documents concerning topics related to the study of UFO
events. These reports were made publicly available. These reports are no
longer being disseminated, but some information can still be requested from
CNES.

Appendix 2
Proceduresfor Analysisof Photographic Evidence
F. LOUANGE

The Panel recommends that, given a new alleged UFO photograph, the de-
cision toinvest effort into itsinvestigation should be taken only if both of the
following conditionsare fulfilled:

a) theoriginal documentation (negative, slide, videotape) isavailable, and
b) there is at least one other independent source of information — either
witness testimony or some other physical record.

If, after visual examination, the displayed object has not been identified
(planet, balloon, cloud, etc.), investigation should be performed in two steps:

Step 1 consists of establishing or rejecting the authenticity of the photo-
graph (or other record), taking into account evidence for unintentional false
operation of equipment and various spurious phenomena that may affect the
recording equipment. However, this concept of authenticity isat best relative,
sincein thisarea of investigation only negative conclusions may be considered
asfinal, sothat authenticity can never be demonstrated absolutely.

Step 2, if warranted, consists of extracting as much information as possible
from the photograph or other record, so as to obtain as much information as
possible about the object of interest (size, shape, distance, albedo, emitted en-
ergy, spectrum, etc.).

When the original film isavailable and analysis seems justified, all techni-
cal data concerning the site, viewing conditions, camera, film, processing,
etc., must be collected. If the cameraisavailable (in an ideal case still loaded
with theoriginal film), it must be used to perform the following calibrations:

a) Photos of density patterns for relative photometry;

b) Photos of sources calibrated in intensity, in various positions in the
frame (for absolute photometry);

¢) Photos of spatial frequency patterns, to determine the modulation trans-
fer function (MTF); and

d) Photos taken at the same site as the original, eventually with models to
simulate the object.
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The film should be processed under rigorously controlled conditions (if it
has not already been processed commercially). If the camerais available but
empty, the same operations should be conducted with afilm of the same type
astheoriginal.

Theinvestigator should visit the original site and make measurements con-
cerning the three-dimensional geometry of the observed landscape or this in-
formation should be extracted from detailed maps. If the photograph has been
acquired at nighttime, an astronomical map of the sky at the time of acquisi-
tion will be necessary. The investigator should determine the meteorological
conditions from the official offices or air bases in the neighborhood with par-
ticular attention to the horizontal visibility. The investigator should also take
into account all quantified or quantifiable elements of the witness testimony
including the estimated shape, angular size, velocity, color, etc.

For analysis of the photograph, it isessential to work from the original neg-
ative. This should be carefully washed and examined under a microscope to
look for possibletell-tale artifacts and scratches, and to check the regularity of
the grain structure so as to detect multiple exposures. The negative should be
analyzed by conventional photographic instruments (enlarger, projector, etc.),
and theinformation on the negative should be digitized by a microdensitome-
ter.

Once digitized, theimage may be analyzed by computer analysis, using the
classical tools of contrast enhancement, noise suppression, contour detection,
restoration, etc., and more specialized techniques such as maximum-entropy
analysisthat may be used to remove the effects of target motion and/or camera
motion. Such analysis will assist in the detection of a possible hoax. For in-
stance, a suspension thread may be brought into evidence through standard
differential operations. Also, one may estimate the distance (hence the size)
of the object through M TF computations, based on an analysis of atmospheric
diffusion and contour blurring. If there are black areason the object, itis pos-
sible to obtain estimates of the distance by comparing the luminance of such
regions with other identified black parts of the scenery. If the object is nearer
than the minimum depth of field, one should be able to detect geometrical dis-
tortions in the image. If the operator had a slight movement while taking the
picture, analysis of the corresponding blur on the object and on other elements
of the landscape may allow the calculation of a possible range for the distance
of theobject.

In the case of acolor photograph, one should carry out the above procedures
in three steps using three appropriate color filtersfor scanning.

If an event is recorded on a cine camera, each frame may be analyzed as
above. However, it is how possible to obtain additional information by com-
bining and comparing the sequence of images.

In principle, imagesrecorded by video cameras may be subjected to compa-
rable analyses. However, video records suffer from one very important weak-
ness: since the basic dataisin electronic form, it could have been modified by

—
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the use of suitable electronic equipment, so that the authenticity of a video
record will depend even more critically upon the credibility of the witness tes-
timony.

Appendix 3. Formation Flying
V.R. ESHLEMAN

A recurrent themein certain UFO reportsis the concept of an apparition that
fliesin formation with an aircraft-borne observer. Without making ajudgment
on any such reports, we could recommend that UFO investigatorsfamiliarize
themselves with natural phenomena that display this "flying-in-formation™
characteristic. Greenler (1980) is a useful resource, from which the attached
list was made. The precise mechanisms for the origin of most of these phe-
nomena have been determined and are explained in Greenler, but quite afew
have still not been deciphered satisfactorily. Even an experienced observer
might be surprised in seeing a particularly rare example. | have studied certain
related phenomenain my research involving electromagnetic probing of plane-
tary atmospheres, but was quite astonished afew years ago when | saw a par-
ticular example of the following list. A bright white light flew for minutes in
perfect formation between my aircraft and the ground, with the air below and
above apparently being transparently clear.

Formation flying phenomena:

Arcs: Kern, Lowitz, Wegener anthelic, Hastings anthelic, Tricken anthelic,
Parry, alternate Parry, suncave Parry, sunvex Parry, upper tangent, lower
tangent, supralateral, infralateral, circumzenithal, circumhorizontal, an-
thelic, subanthelic, contact.

Halos. Hevel, 8 degree, 18 degree, 22 degree, 46 degree, circumscribed.

Bows: fog, cloud, dew, supernumerary.

Rainbows: primary and secondary; direct and reflected; raindrop and ice
crystal; white, red, and red-to-blue.

Pillars. sun, moon, city-light, anthelic.

Ringsor Circles: Bishop, Bottlinger, parhelic, subparhelic, coronal.

Dogs: sun, moon, elongated, subsun.

One should also consider:

Nighttime: moon, Venus, Jupiter, bright stars, etc., gegenschein, zodiacal
light, comet, in-cabin light reflected by window.

Other forms: glory (specter of the Brocken), subsun, wet and dry heiligen-
schein, seven suns, lenticular and other distant small clouds, several dif-
ferent kinds of mirages.
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The phenomenon which was a special surprise to me is one in the final
grouping, the subsun, dueto particularly stably falling, flat, horizontal, hexag-
onal, ice crystals which were sufficiently few in number that the air appeared
clear in every direction except the solar specular direction to the side of and
below the airplane, where they efficiently mirrored the sun.

Appendix 4. Electromagnetic-Wave Ducting
V.R.ESHLEMAN

It is possible that some of the radar cases presented to the panel have a nat-
ural explanation. It seems likely that some possible natural explanations
could be investigated without cooperation or assistance from the controlling
military authorities except for atime record of unidentified traces that occur
during designated test periods.

Some of the observations suggest that time-variable atmospheric ducting
may on occasion result in echoes being obtained from distant ground locations
asaresult of refraction. Some of accounts described (a) groups or swarms of
echoesthat persist for sometimein the same general location; (b) apparent tra-
jectories of echo sources that exhibit sudden changesin the vertical and/or hor-
izontal positions; and in particular (c) thetendency of apparent echo sourcesto
concentrate over mountain tops. Theseareall characteristics to be expected of
ducting conditions due to weather. These effects can come and go over long
periods of time and they can also lead to scintillation or other changes over
short time periods. (See, for instance, Hall & Barklay 1989.)

An atmosphere is said to be " superrefractive” when a horizontal light or
radio ray curves downward with aradius of curvature that isless than the dis-
tance to the center of the planet. The atmosphere of the planet Venusis at all
times globally superrefractive below an altitude of about 30 kilometers. In
principle, echoes could be obtained from every area of the spherical surface of
Venusfrom aradar system located at any position on the surface. If theair of
Venus were perfectly clear, an observer would see all areas of the surface, all
areas repeating in range to indefinite distances. In thefour giant planets also,
the large gradients of refractivity (or density) in their atmospheres produce
superrefractive conditions.

TheEarth's atmosphereis normally not superrefractive. However, common
weather effects (in particular thermal inversions, wherethe air temperature in-
creases with altitude, and/or the water-vapor content decreases with altitude)
can and do produceregions of superrefraction that are localized geographical -
ly and in height. As aresult, atmospheric ducts (channels that trap and con-
duct radar waves) can form that carry the signals far beyond the normal
horizon. Such ductscan bend rays down to a distant surface area or, more eas-
ily, to a distant mountain top. Backscattering of the radar energy from the
ground or from discrete objects on the ground then results in echoes that ap-




Physical Evidence Related to UFO Reports 221

pear to theradar to be dueto atarget that isfar away and (if the angle of eleva-
tion of the returning energy is measured) high in the atmosphere. A similar
transient ducting of sound can produce the experience of hearing the whistle of
only one particular train out of the many that originate at differencetimesfrom
abusy track in the next valley.

Asis well known, atmospheric ducting is the explanation for certain optical
mirages, and in particular the arctic illusion called "' fata morgana' where dis-
tant ocean or surface ice, which is essentially flat, appears to the viewer in the
form of vertical columns and spires, or "*castlesin the air."

Peopl e often assume that mirages occur only rarely. This may betrue of op-
tical mirages, but conditions for radar mirages are more common, due to the
role played by water vapor which strongly affects the atmospheric refractivity
inrelation toradio waves. Since clouds are closely associated with high levels
of water vapor, optical mirages due to water vapor are often rendered unde-
tectable by the accompanying opaque cloud. On the other hand, radar propa-
gation is essentially unaffected by the water droplets of the cloud so that
changesin water vapor content with altitude are very effectivein producing at-
mospheric ducting and radar mirages.

With regard to "impossible™ flight paths that may appear to beindicated by
some of the echoes obtained by military radars, it isimportant to note that the
records presented to the panel are based on measured time delays and mea-
sured elevation and azimuth angles-of-arrival of the reflected energy from the
echoing object. As presented, certain target positions were plotted as height
versus time. But height is computed from two parameters: (1) the measured
time delay, which isavery good indication of range; and (2) the measured ver-
tical angle of arrival, which may not be a valid representation of the vertical
direction to the target. In particular, when ducting occurs, reflectionsfrom dis-
tant and distinct surface targets (buildings, bridges, trucks, etc.) may be re-
ceived at elevation angles of several degrees, so that aground target at arange
of 100 kilometers, for example, would appear to represent an object at aheight
of several kilometers. Atmospheric turbulence would distort the duct and
could cause sudden changesin angle of perhaps afew tenthsof adegree, which
would beinterpreted as a sudden changein altitude of the order of half akilo-
meter. The horizontal angle of arrival would also be affected by turbulence,
adding to the chaotic character of the apparent flight path.

Ducting to and from distant mountain tops requires less refractive bending
than echoes to and from lower surface areas, and should therefore be more
common. This may explain the concentration of apparent targets over moun-
tains. A test of this hypothesiswould be to place a radio receiver, tuned to the
radar frequency, on or near the top of a mountain associated with unidentified
targets. It should be connected to an antennathat has its unobstructed receiv-
ing lobe centered in the azimuthal direction of theradar and itsvertical pattern
extending from zero to at least several degreesin elevation. If ducting doesin
fact occur, the occurrence of unidentified radar echoes would be found to be
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correlated with major increases in the strengths of the radar signals measured
by thisreceiver.

Appendix 5. Sprites
V. R. ESHLEMAN

One of the optical displays reported by E. Strand may be of special signifi-
cance as a tentative bridge across the wide gulf that exists between the UFO
and scientific communities.

Two women reported an unusual, colored, intermittent light display that
slowly moved over two hours of observation made from aremote cabinin Nor-
way in the post-midnight hours of August 3, 1991. The sky was clear until the
end of the observation period, when a few clouds moved in. The key point
about this display is that while there was no local thunderstorm activity, there
was an electrical storm in the direction of the display, but the storm was 120
kilometersaway. For decades, it has been conventional scientific wisdom that
all of the visible electrical activity of such storms is within and below the
clouds, that in this case would have been below the observers' horizon.

Recent developmentsin the observations and theory of electrical activity in
the high atmosphere (mesosphere and low ionosphere) demonstrate that this
conventional wisdomisin error (seg, for instance, Pasko et al., 1996; Sentman
& Wescott, 1995). Some of the reports of observationsin the Hessdalen area
could be related to phenomena that occur above storms, up to an altitude of
nearly 100 kilometers, well above the observers' horizon. This electrical
activity goes by the names of "blue jets," * red sprites,”" and " short-lived
elves." There havein fact been sporadic reports of these phenomena decades
ago, but these reports were dismissed by the " experts."” Now these events have
been captured on film and video.

This example can serve to remind us of the continual development and
changethat occursin all fields of scientific knowledge, and of the potential ad-
vantages of open communication between the purported experts and interested
amateur observers.

Appendix 6. SETI and UFO I nvestigationsCompar ed
V. R. ESHLEMAN

My perception isthat the SETI (Search for Extraterrestrial Intelligence) and
UFO studies of adecade ago shared positions beyond the pale of "' respectable”
science. They no doubt still doin the view of many scientists. However there
have been several fundamental advances during the past few years that indi-
rectly provide someincreasein plausibility for both areas, and the SETI com-
munity seems to be responding with renewed vigor. It may be useful for our
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panel to consider some UFO-SET1 comparisons, and the different cultures of
their respective participants. These are my personal and incompl ete thoughts
on this subject.

There have been recent advances concerning the question of the possibleex-
istence and state of extraterrestrial life (ETL). Knowledge that there is such
life would increase the presumptive probability of extraterrestrial intelligent
life (ETIL). SETI investigators search for the latter mainly by examining the
radio spectrum for telltale electromagnetic signalsthat may be purposely sent
or inadvertently leaked from a technological society. UFO investigators may
invoke visitation by ETIL as afallback or default explanation of an apparition
or event which they believe cannot be explained any other way. There are
huge gapsin our knowledge that must befilled in before we can pretend to un-
derstand either of these subjects.

With regard to the first question, the existence and possible abode of ETL,
three major recent devel opments are of particular note:

1. Itisonly inthe last few years that we have finally obtained direct evi-
dence of the existence a planetary-sized body orbiting a star other than
our Sun. We now haveevidencefor several (of order of 10), and moreare
being discovered as the Doppler observational technique is being im-
proved. Thereare billions of starsin our galaxy alone, and these results
suggest that stars may quite generally be accompanied by planets. One
may expect that conditions on these planets would vary over a wide
range, at least as wide as the range covered by the planets of our solar
system. (See, for instance, Cosmovici et al.,1997.)

2. Lifethat isfundamentally different from nearly all near-surfacelife on
Earth has been found deep in terrestrial rock and in the deep ocean,
where it exists under conditions long assumed to be so hostile as to be
sterile. 1t would appear that near-surface and subterranean lifeformsare
essentially independent and that either could exist without the other. Itis
also possible that life started several different times on Earth after
epochs of total extinction caused by asteroidal and cometary impacts.
These new findings suggest that life might have started independently at
two levels on Earth, or that life can adapt to extraordinarily different en-
vironments. The development of life, under conditions that are thought
to be favorable and under conditions that we previously thought to be
unfavorable, may be the rule rather than the exception for the innumer-
able planets that probably exist in our galaxy. (See, for instance, Cos-
movici et al., 1997.)

3. A meteorite found in Antarctica and known to have come from Mars
(from isotopic "fingerprinting" of its elements) has several detailed in-
ternal characteristics (structural, chemical, and elemental) that may, itis
claimed, be attributed to effects of ancient microscopic life indigenous
to Mars. (McKay et al., 1996). Thisinterpretationis controversial and
research on this and other meteorites is continuing.
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These subjects are currently being investigated widely and were featured
among the many areas discussed at an international meeting in July 1996 held
in Capri, Italy, on the subject of Astronomical and Biochemical Origins and
the Search for Life in the Universe (Cosmovici et al., 1997). About 200 as-
tronomers, biologists, chemists, physicists, and other scientists from 27
countries met for this Fifth International Conference on Bioastronomy and
Colloquium No. 161 of the International Astronomical Union. This meeting
was supported by international and national scientific organizations including
the International Astronomical Union, the International Scientific Radio
Union, the National Aeronautical and Space Administration, the European
Space Agency, the Consiglio Nazionale delle Richerche, and other Italian or-
ganizations; clearly, this was a mainstream scientific meeting. The SETI com-
munity was very visibly represented in all aspects of the conference, but the
problem posed by UFO reports was never mentioned.

However, the UFO and SETI communities share defining attributes includ-
ing asurfeit of putative evidence that remains unidentified, and the lack of a
single example that can be unequivocally verified, repeated, understood, or
captured. That is, both are subject areas of investigation that totally lack iden-
tified objects. Then why is one moving into the mainstream of acceptable sci-
encewhile theother isnot?

It may not be generally realized that the several different groups of SETI
observers have received and tabulated an appreciable number of URS, or
unidentified radio signals, in the course of listening to billions of radio chan-
nelsfor hundreds of thousands of hours, looking in tens of thousandsof direc-
tions. They measure signals that are noise and signals that range up to many
times stronger than can be explained in terms of natural noise. They identify
nearly all of the strong signals as coming from radio and TV stations, from
military radars and various kinds of communications systems, from satellites
and deep space probes launched by various national and international organi-
zations, and from many kinds of equipment that leak electromagnetic energy
over broad spectral bands. After very thoughtful and vigorous winnowing,
there has been aresidual number of strong signalsreceived by every group that
are, and will no doubt remain, unidentified. But these are not described and re-
leased to the media as something unusual or mysterious. Thisis because they
could not be verified by other observers or by repeat observations at the same
frequency and in the same direction in the sky. Improved techniques and pro-
tocols are being developed to markedly reduce the frequency of URS (even to
the point where there may be concern that areal ETI signal could be discard-
ed). Nevertheless, it isto be expected that continuing URS will persist in the
SETI endeavor, and will remain unidentified and undiscussed.

The SETI participants include alarge fraction of scientifically trained radio
astronomers, and they employ complex and expensive equipment that in-
cludesthelargest antennas and most sensitive el ectronic and digital systemsin
the world. The UFO community is much broader and diverse, and cannot
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bring to bear the instrumental firepower that is routine in SETI research. In
fact, no equipment isinvolved in most UFO case studies. The nature of UFO
phenomenais such that it would be unreasonable to demand repeat observa-
tions of the same kind of incident and independent confirmation of events by
different observers.

However, the status of UFO studies may beimprovedif wecanfind away to
move in a direction where independent confirmation and repeatability could
be realized and become routine. Where some level of repeatability exists but
explanations are incomplete (e.g., in the Hessdalen project), more investiga-
tiveresources are clearly required. Open channelsof communication between
UFO investigatorsand a broader scientific group may lead to natural explana-
tions of many observations and thereby winnow the numerousreportsto afew
notable examples to which intense cooperative efforts could be applied.

Appendix 7. Further Thoughtson SETI and UFO Invegtigations
F. LOUANGE

The SETI and UFO problems may or may not be related to each other. As
there does not so far exist any proof concerning this question, it seems wise to
keep those two problems apart and not to confuse them. The questions raised
by the UFO and SETI problems are not at all comparable, and the strategies
for their research are drastically different. The SETI problem correspondsto a
one-bit theoretical question: does there exist, elsewhere in the universe, any
form of intelligence that has reached the technological level of transmittingin-
telligent electromagnetic signals that humans could detect and identify? Al-
though this question is undoubtedly exciting and justified by existing proba-
bilistic computationsabout the existence of planets, the appearanceof life, the
duration of a civilization, etc., the final answer is theoretically Yes or No.
However, only aYesanswer will befinal, since aNo answer may berevisedin
view of technical improvements of detection techniques.

The UFO problem arises from the verified existence of a very large and co-
herent set of testimoniesworldwide. Itsapproach isbound to bein three steps:

Step 1. Try by all means to identify the stimulus that has led to the report:
the report may be due to inadequate information, misinterpretation of a
familiar phenomenon or device, an unusual astronomical or atmospheric
phenomenon, an unusual technological device, or ahoax (perpetrated by
thereporter or on the reporter).

Step 2. If Step 1 has not yielded an explanation of the report, try to charac-
terize the event that led to the report and compare it with other case de-
scriptions.

Step 3. For any case that is strong in testimony and rich in detail, one should
try to define amodel. In this activity, we are clearly not dealing with a
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simple question with aYes/No (one-bit) answer. Different casesrequire
analyses with different levels of complexity.

The SETI and UFO problems also involve different approaches. Scientists
may pursue the SETI project and remain in a very familiar environment: the
relevant technological areais clearly identified and one may follow a prede-
fined strategy by specifying the frequency search band, the required receiver
sensitivity, the intrinsic properties of an intelligent signal, etc. On the other
hand, research on the UFO problem is necessarily complex, multidisciplinary,
unpredictable and must be expected to evolve as research progresses. The
basic detection is usually carried out by unprepared human beings, and analy-
sis may call upon a wide range of disciplines including human perception,
psychology, astronomy, image processing, physics, chemistry, etc. Moreover,
effectiveresearchin thisfield must be conducted with an open mind.

Although in public opinion the UFO and SETI projects are closely associat-
ed, they should be kept clearly separated as far as serious research is con-
cerned. The questions being addressed are quite different in nature: the SETI
project aims at a simple Yes/No answer to the question of the existence of
extraterrestrial intelligence, whereas research into the UFO project must be
pursued with acompletely open mind as to the questions that need to be posed
and answered. Moreover, the respective technical strategies have nothing in
common: SETI research is carried out primarily within the established frame-
work of radio astronomy, whereas UFO research is necessarily multidiscipli-
nary and innovative.

Appendix 8. Scientificlnference
P. A. STURROCK

In attempting to resolve a complex problem such as that posed by UFO re-
ports, oneisvery muchin the"gray area" of scientific research that is not well
defined: the facts are to some extent shaky; some of the hypotheses are specu-
lative; and it is not clear how to evaluate the hypotheses on the basis of the
factsand of other relevant information. Furthermore, one has the difficulty of
relating the analysis of individual reports ("*Isthisreport dueto ahoax?") tothe
global questions represented by the hypotheses (*Are some reports due to
hoaxes?"). In such a situation, it is essential to have some way to organize
one's analysis of whatever research is being conducted. Scientific inferenceis
the intellectual basis of science, and the procedures of scientific inference
offer a framework for organizing such analyses. (See, for instance, Good,
1950; Jeffreys, 1973.)

The formalism of scientific inference involves expressing all judgmentsin
termsof probabilities. Where there are definite rulesfor deriving probabilities
from the evidence, these rules can be used; otherwise, the probabilitiesmay be
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regarded as subjective. If each judgment ismade by several investigators, this
can provide both a mean or consensus estimate and a measure of the degree of
uncertainty of that estimate. For a recent exposition of this formalism, see for
instance Sturrock (1994d).

In investigating any specific case, it is necessary to work with a complete
and mutually exclusive set of hypotheses. The following set of 8 hypotheses
was used in Sturrock’'s survey of the members of the American Astronomical
Society (Sturrock, 1994a; 1994b; 1994c¢):

a. Hoax,

Some well established phenomenon or device,

Some well established but unfamiliar natural phenomenon,
Some unfamiliar terrestrial technological device,

Some hitherto unknown natural phenomenon,

A technological device not of terrestrial origin,

Some other cause which [theinvestigator] can specify, and
Some other cause which [theinvestigator] cannot specify.

S@reoaow

An investigator may begin by assigning " prior probabilities” to these hy-
potheses, although thisis not essential. If so, each value must be greater than
zero and less than unity, and they must sum to unity. Once these prior proba-
bilities have been assigned, the investigator should then forget about his
prejudices. Bayes theorem then provides a mechanism for updating one's as-
sessment of probabilities on the basis of new evidence. The new evidence may
be a single case or an analysis of acatalog of cases. When measurements are
madein terms of "'log-odds™ defined by log[(p/(1 - p)] rather than the probabil-
ity p itself, it turnsout that investigators with very different prejudices should
assign the same weight of evidence, measured by the change in log-odds, to
the same experimental or observational data. Hence, although they may differ
intheir prejudices, they should be ableto agree in their assessments of the evi-
dence.

It iseven more convenient to work in terms of the quantity 10*log[p/(1-p)],
since one may then use the familiar engineering term " db'" or ' decibel™ to rep-
resent an assessment. For instance, if one begins with the assessment that the
probability of an event being due to an extraterrestrial vehicle is 1075, one
could rephrase that as saying "'my assessment is—60 db." If acertain research
program made that proposition even more unlikely by, say, 10 db, one would
then lower that assessment to —70 db. If, on the other hand, the evidence
seemed to support that hypothesis with weight 10 db, the resulting assessment
would be -50 db. If six separate and completely independent studies were
each to yield evidence of 10 db, theinvestigator would end up with an assess-
ment of 0 db, that represents even odds of the proposition being true. That is,
the evidence would have been just sufficient to change the mind of theinvesti-
gator from being highly skeptical about the hypothesis to considering it just as
likely to be true as not true.
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Itishighly unlikely that any research project that isin operation for only one
or two years will solve the UFO problem. However, it could and should pro-
vide useful relevant evidence, and that evidence should lead to a measurable
change in the assessments of an interested scientist. In an area such as that of
UFO research, that is all that can be expected. On the other hand, several re-
search projects, each lasting areasonable length of time, should provide suffi-
cient evidence that an hypothesis may be effectively definitely established or
definitely rejected.

If these suggestions are considered to have merit, they could be developed
into a more specific and more useful form by means of aworkshop that brings
together UFO investigators, professional investigators (of accidents, failures,
etc.), physical scientists, and statisticians.
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