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(1) WORKSHOP ON " COVET/ ASTERO D | MPACTS AND HUMAN SOCI ETY"
Reported by W Bruce Masse

A wor kshop "Comet/Asteroid | nmpacts and Hurman Soci ety" was hel d at
Tenerife in the Canary |slands between Novenber 29 and Decenber 1, 2004.
The workshop was initially conceived by nmenbers of the Internationa

Astronom cal Union (l1AU), and was ultinmately sponsored by the

I nternational Council for Science (1CSU with partial funding support
from UNESCO. Peter Bobrowsky (International Union of Geol ogica

Sci ences) and Hans Ri ckman (1 AU) organi zed the workshop. The Miuseo de La
Ciencia y El Cosnps graciously hosted the workshop. The ai m of the

wor kshop was to bring together a diverse set of individuals and

di sciplines to explore aspects of the cosmic inpact hazard, with a goa
of producing a state-of-the-art synthesis regarding the |ikelihood and

i mplications of a conmet/asteroid inpact and its effect on human society.
The participants included astrononers and astrophysicists;
geophysicists and others in the earth and at nospheric sciences;

mat hemat i ci ans; archaeol ogi sts; econoni sts; soci ol ogi sts; psychol ogi sts;
ri sk specialists; and journalists.

A series of keynote addresses were presented the first day of the

wor kshop. These included an opening address by C ark Chapnan as to why
NECs (Near Earth Objects) are a pressing concern; Bill Bottke on the
known popul ati on of potential inpactors; G ovanni Val secchi on

eval uating the risks of inmpacts and the efficiency of risk reduction

Ri chard Gri eve on the geol ogical record of inpacts; Bruce Masse on the
ar chaeol ogi cal and ant hropol ogi cal record of inpacts; G useppe Longo on
t he 1908 Tunguska event; Ted Bryant on the potential for oceanic

i mpactors to create nega-tsunams; Jay Melosh on indirect effects of
large terrestrial inpacts; John Birks on the chemical and clinmatic
consequences of inpacts; Mhamed Dore on the econonic aspects of inpact
for society; Paul Slovic on the psychol ogi cal aspects of inpact for

soci ety; Kenneth Hewitt on the sociol ogical aspects of inpact for

soci ety; Mchel Hernelin on conmmunicating inpact risks to the public;
and Stefan M chal owski on the political aspects of inpact for society. A
paper on di saster managenent and energency response by Lee C arke was
prepared but could not be delivered in person by Carke. Oher workshop
participants in addition to the organi zers included Johannes Andersen

M ke Baillie, Andrea Carusi, Harry Foster, Dan Gardner, Viachesl av

Gusi akov, Ted Hartwell, Jesus Hernandez, Leo Hi ckey, Mark Kidger, E M
Kol esni kov, Paul Kovacs, Wl fgang Kundt, Anny-Chantal Levasseur-Regourd,
M chael MCracken, Bill MGQuire, Brian Marsden, Jesus Martinez-Frias,
Sharad Master, diver Mrton, David Mrrison, Roy Sidle, Siim Veski, and
Ben Wsner. Wng-Huen Ip prepared a paper but could not attend.

The second day of the workshop was devoted to breakout sessions in which
partici pants were divided into three groups. During this period,

non- keynote participants presented 10-minute talks on their specia

i nterests. Each group then spent between 60 to 90 mi nutes exam ni ng each
of the four breakout session thenes. These themes included: (1) Is the
vul nerability of society increasing or decreasing?, (2) to what degree
shoul d we prepare societal disaster plans to deal with reduction of
consequences and societal disaster plans; (3) the effects and
consequences of surprise inmpacts, near misses/close encounters, and
failed or uncertain predictions; and (4) do we fully understand the

i mpact consequences?



Li vely di scussion centered on the degree to which cosm c inpact
constitutes a substantive hazard for humankind. Wile inpact is
understood to be an inevitable part of solar system process, and while
nost wor kshop participants felt that cosmic inpact is worthy of

i nclusi on on standard lists of hazards confronting nodern society, the
degree of risk and even aspects of the nature of the hazard are stil
poorly known.

The next significant inpact on Earth, which can happen at any tine and
woul d not be identified prior to inpact, is nost likely to be that of a
"smal | " (a few megatons) asteroid striking water or occurring as an

ai rburst over water. Uncertainties include the frequency and size (in
both di aneter and negatons) of small Tunguska-like inpactors-a hundred
years to several thousand years on average between such events, and
between 3 to 15 nmegatons for such an event-and the degree to which a
smal | impactor can generate dangerous |ocal tsunam or local fires in
terrestrial settings. These uncertainties, when translated to econonic
and social values, make it difficult to judge if inmpacts should be
ranked at the | ow end of the hazard scale, as thought by sone of the
wor kshop attendees, or should be given a nore promnent role in the
hazard scale and in societal disaster planning.

Larger inpactors capable of regional or global consequences were

uni formy conceived to be devastating for human society, unlike any
other historic natural disaster within the past several thousand years.
Al t hough consi dered very |ow probability events (on average between tens
to hundreds of thousands of years), it was stressed that such | arger

i mpactors still can happen at any tine. As with smaller inpactors, there
was consi derabl e uncertainty as to the size and thus frequency at which
a large inpactors can mininmally inflict global consequences in terns of
regi onal devastation, climte change (such as ozone depl etion), economc
cat astrophe, and other social paraneters. The mininal size (dianeter)
range was suggested at bei ng sonewhere between approxi mately 500 mto 2
km Al so debated was the potential of l|arge inpactors and noderate-sized
i npactors between about 200 to 500 mto create nega-tsunam . Conets were
nodel ed as representing only about 4% of the popul ati on of potenti al
hazard NEGs.

The frequency and hazard uncertainties for both small and | arger objects
also translated to uncertainties in the econonics of actively searching
for potential hazard objects, and for devising possible
deflection/mtigation prograns. Current surveys for asteroids |arger
than 1 kmin dianmeter have docunented approxi mately 65% of such objects,
with the expectation that 90% wi |l have been discovered within ten
years. This search costs about $4 mllion U S. dollars per year. It is
estimated that a search for objects down to about 100 m slightly |arger
t han Tunguska, would cost about ten tinmes as nuch during this period of
time. Cosnic inpact differs fromother natural disasters in that if
specific inpact threats are identified, the consequences can be reduced
by prediction of the Iocation of inpact (a currently difficult task for
i mpacts occurring shortly after discovery) and di saster preparedness, or
elimnated entirely by deflection given adequate tine and technol ogy.
The question becones whether or not the hazard is of sufficient degree
to warrant vigorously active disaster planning and defl ection research.

Particularly contentious, but of direct bearing on the issue of hazard
degree, was archaeol ogi cal, anthropol ogi cal, and geol ogi cal evi dence
presented by three different participants for three different

regi onal / gl obal | y catastrophic comet inpacts during the past 5000 years.
The validation of any one of these events would strain current cosmc



i mpact hazard nodels, while two |ikely would necessitate najor revisions
to current hazard nodels. Most workshop participants were intrigued by
al though quite skeptical of these data. Fortunately, these Hol ocene

peri od i npact hypot heses are anenable to testing and verification, and
thus can be resolved in the near future.

Regardl ess of the risk and econoni c/social econom c consequences of

i mpact, it was realized that the conmmunicating and reporting of cosnic

i mpact information is often poor and haphazard. The sciences, nedia,
and general public often use different ternms to describe the same or

simlar types of phenonmena and physical behavior, or attach different
nmeani ngs to specific words and terns. For exanple, there is considerable
confusi on between science and the public as to what is nmeant by
relatively sinple terns such as "prediction," "probability," and "risk."
These semantic confusions al so exi st between the physical sciences and
the social sciences. Also, there currently are few neani ngful standard
protocol s for responsible astrophysical organi zations to advi se ot her
appropriate organizati ons and agencies, or to advise internationa

organi zations and foreign governments of inpending specific probable

i npacts.

A clear sign of the intensity of workshop di scussions and the serious
deneanor of workshop participants was evidenced by the flurry of e-mails
and comentary on a variety of topics in the weeks follow ng the

wor kshop. | have never been involved in a workshop/ synposi um where there
was so rmuch excellent dialog after the event itself. Certainly the

wor kshop was successful in breaking down at | east sone of the barriers

t hat have exi sted between our various disciplines.

The results of the workshop are to be released in two formats. The first
will be a "white paper” summarizing the current scientific understanding
of the whole range of issues that were di scussed and identifying areas
where further research is particularly needed, and formulating the
conclusions in the formof reconrendations to national or internationa
organi zati ons responsi ble for setting the relevant policies. The second
will be a peer-reviewed book of participant papers to be published | ater
this year by Springer-Verlag. Questions can be directed to Peter

Bobr owsky pbobr ows@RCan. gc. ca or Hans Ri ckman Hans. Ri ckman@stro. uu. se.

W Bruce Masse, Ph.D.

Cul tural Resources Team

ENV- ECO Ecol ogy Group

Mai |l Stop MB87

Los Al anps National Laboratory
Los Al anps, NM 87545

Tel ephone: (505) 665-9149
Fax: (505) 667-0731
Email : wbnasse@ anl . gov



