KEYNOTE ADDRESS: THE ROLE OF SCIENCE AND ENGINEERING IN
MITIGATING NATURAL HAZARDS

BY
DR. FRANK PRESS, PRESIDENT, U.S. NATIONAL ACADEMY OF SCIENCES

Dr. Penzien, President Hudson, President Agbabian, Delegates, Fellow
Scientists and Engineers. This is the second Keynote Address in San
Francisco in a week. The first dealt with a political approach to assure
the well being and security of people. This one has the same goal --
using the tools of science and engineering. And both are needed if we
are to address many of the global problems that we all face. It is a
pleasure and an honor for me to participate in the Eighth World Con-
ference on Earthquake Engineering for several reasons. The study of
earthquakes 1s my own profession, and it is a great pleasure to renew

the relationships I've had over the years with so many colleagues.

This gathering of some 1500 leading researchers and practitioners
from 50 countries is a signal event, with a superb program which gives
evidence of the tremendous progress in this key field, progress that
will lend impetus to a worldwide attack on the earthquake problem. And
most important, there is no higher calling for a scientist and engineer
than to use his talents on behalf of his fellow man. Perusing the pro-
gram, one cannot but be impressed by the remarkable progress of recent
years with new theoretical approaches, new data, and new kinds of exper-
iments. And it is indeed heartening to see so many young people together
with some of us who've been around for a while in this vigorous,

renewing field.

I would like to organize my remarks this morning around four topics:
Some generalizations about natural hazards, the role of scientists and
engineers 1in hazard mitigation, the role of governments. And I would

like to conclude with a proposal for your consideration.

A philosopher once said, "man lives by geological consent subject to

change without notice”. That one sentence encompasses much of the story
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of life on earth. Our planet is unique in its ability to give rise to
life. It's not so big as to keep by gravity a massive, crushing atmo-
sphere, and it's not so small as to lose its atmosphere into space. It's
not too far from the sun as to be cold and uninhabitable, nor is it too
near. And that distance is critical by perhaps only 10 or 15 million
miles. It has an internal engine fueled by radioactivity that produced
the continents, the oceans, the atmosphere, and minerals, but also
produces earthquakes, and volcanic eruptions. It has an external engine
fueled by the sun that spreads warmth, produces rain, energy for life,
but also hurricanes, floods, typhoons, tornadoes. And finally it allowed
-for the evolution of man, conqueror of nature, provider of food and
shelter, but also destroyer, inventor of tools destruction rivaling
nature. Earth is a uniquely hospitable place compared to our neighbors

Venus and Mars.

But hazards come with the territory. They are rare, low probability
events with consequences that are large in terms of destruction—-which
leads me to my first generalization. The class of hazards characterized
by low probability of occurrence and high consequences presents a diffi-
cult public policy problem: how to sustain public interest and involve-
ment; how to attract adequate government resources for mitigation pro—
grams? It's easy to understand how a country with a recent severe catas-—
trophe, such as Tokyo in 1923 or Tangshan in 1976, can become concerned
and organize national programs. But it 1is the height of a civilized
society to anticipate and control rather than to react only after a
disaster. My ‘second generalization: Earthquakes are a special category
of hazards in that most human losses are due to failure of human-made
structures -- buildings, dams, lifelines, and so on. Therefore, in
principle, with sufficient resources for research, development,
education, followed by necessary investments in hazard reduction, earth-
quakes are a hazard that are within our power to respond to. We can
reduce their threat over time as much as we want to. We can learn where
not to build and how to build so that failure of structures will not
occur. The third generalization: A comprehensive program of hazard

reduction includes prediction, hazard reduction, in different ways for
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different kinds of hazards and in different ways for different coun-
tries. Let me give you an example: Hurricanes. The prediction of hurri-
canes in many countries is at a high stage of accuracy, and prediction
of hurricanes saves lives. The warning is sufficient to evacuate popula-
tions from low lands and to take the necessary precautions. Hazard
reduction, in the case of hurricanes, beyond prediction, consists of
instituting appropriate regulations for construction, sensible insurance
policies which provide disincentives for construction in flood plains
and low coastal areas, education, and so on. In this way hazard reduc-
tion can reduce economic loss. Prediction of hurricanes can éértainly

save lives.

In the case of earthquakes, prediction 1s uncertain. It may only be
achieved partially for certain classes of faults. It may never be
achieved. Therefore, hazard reduction 1is key to saving 1lives and
reducing economic loss. Prediction and hazard reduction complement each
other in different ways for different kinds of hazards. And there are,
of course, country differences. A typhoon in a country with poor commun-
ications and poor transportation might be predictable using global
satellite means and other techniques, but it is still deadly under
today's circumstances. Thus hazards vary in man's ability to predict, to
control and to respond to. They vary by hazard and by country. Earth-
quakes represent an example of a hazard that may not be liable to pre-
diction or control in the near term, but whose consequences can never-

theless greatly be reduced.

Let me say something about the role of scientists and engineers, and
social scientists as well. The tradition of science goes back, of
course, to ancient times when the fear of nature could only be dispelled
by explaining nature's catastrophes. In the early days, of course, they
were explained through religious myths, through astrology. And then with
the advance of science came an understanding of natural phenomena, which
assured people, and led to the beginnings of mitigation programs. Pro-
gress in both science and technology brings us to the present day and
our ability to intervene and reduce hazards. The role of scientists and

engineers are complementary, they are mutually supportive as this
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conference shows. I am impressed at the progress since my own times as a
contributor to this field, the progress manifested by scientists and
engineers working together as partners, actually crossing over fields as
well. Today there are scientists predicting ground motions from realis-—
tic models of faults, ground motions of the kind that are useful to
engineers, taking into account transmission paths, rock types, topo-
graphy. Engineers are refining magnitude scales that were originally
developed by scientists. Scientists and engineers are jointly developing
different kinds of risk assessment techniques. There is a blurring of
fields, and this 1is indeed healthy. This is not to minimize the dis-
tinctive contributions of the different professions--scientists studying
the nature of faulting and their possible contributions to the predic-
tion of earthquakes; engineers, of course, in their traditional impor-
tant work in the design of earthquake resistant structures; and social
scientists pointing up the social and economic consequences of replacing
low cost housing and commercial space which are also hazards at the same

time.

A major problem for scientists and engineers, especially in the
field of hazard mitigation, is to separate their role as professionals
making analyses, listing options, from their political roles as citizens
advocating partisan solutions. And here, I suppose, each of us has to
make his own decision. I believe that we can indeed separate hazard
assessment, which is essentially a technical, professional activity from
hazard management, which 1is a political role of governments. With
assessment, we evaluate risks, we analyze procedures for mitigating
hazards, and we do this as professionals. This process educates the
public and leads, hopefully, to informed decisions by government offi-
cials who have the responsibility for hazard management as a proper part

of the political process.

Let me expand on the appropriate role for professionals in this
highly charged field, for I believe the subject needs intensive discus-—
sion. There is a perception that scientists and engineers receive public
funds' without accounting to the public by way of explanation, by way of
progress réports, the results of public support. I think this 1is a

particular problem in your field because of the potential for hysteria,
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the severe human and economic consequences of a disaster, and the
repression of reality in people's minds to avoid thinking about the
consequences of earthquakes. I believe therefore that it is particularly'
important for scientists and engineers working in earthquake research to
be concerned with public education—--by way of lectures, articles, films,
visits to communities and schools. And, of course, the key job of pro-
fessionals in the earthquake field is to lay out programs appropriate to
each country, 1involving assessment of risks, construction codes and
standards, land use, criteria for the identification of safe and unsafe
structures, the maintenance of 1lifelines during disasters and after
disasters, emergency services, public education and training. Our know-
ledge is imperfect and therefore it is part of our job to propose a
research and development program involving all aspects of the field--
ground motion, soil mechanics, structural dynamics, the design of struc—
tures, the social and economic aspects, and the training of technical
manpower to provide adequate back—-up for this important endeavor. How-
ever, if governments do not assume their proper role of hazard manage-
ment after being provided the assessment of professionals, hazard miti-

gation will not occur.

There are three factors which determine the destructiveness of an
earthquake——its magnitude, its distance from a population center, and
the degree of preparedness. A country with poor preparedness will suffer
more than one with good preparedness. Good government management is the
key factor in preparedness, and therefore government performance is a
major controllable factor influencing the impact of a disaster. With all
of the possibilities for reducing the hazards of earthquakes mentioned
earlier-—the codes, the land-use procedures, the emergency services, the
public training, the research and development programs, the training of
professionals--why do some countries have inadequate preparedness pro-
grams? Of course, there are countries that are very poor, with meager
technical and financial resources, and one can understand why they would
lag behind. But it is difficult to understand the short-sightedness of

some advanced nations.
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When I was serving in government, an official in the Office of
Management and Budget once posed the following to me: "You scientists
always want more. How do you know when you've had enough?” I answered in
terms that he could understand. First, in financial terms involving
return on research and development investments, then in human terms
involving the obligation of governments to provide for the security of
its people in terms of its economic growth. I also answered in political
terms. I said: "How would you like to go down in history, following a
major catastrophe, as the official responsible for a lack of prepared-
ness?” Those of you who deal with government officials hear responses
similar to the ones I heard: "Earthquakes will not happen during my term
in govermment, and I have more immediate budgetary needs to take care
of." Or: "A cost/benefit analysis shows that only 500 people have died
in this century from earthquakes in the United States. How can you
justify such a large investment?” These are short-sighted views, and I

think all of you know the answers to such questions.

I believe that concern about the public welfare is a primary role of
a modern government, and 1in this sense natural hazard mitigation
deserves attention with high priority. It is interesting to recall that
in ancient China, dynasties fell after a major earthquake——as if the
Emperor should have protected his people against such a catastrophe. I
suppose the modern analog to that is the political process and the
reaction of a citizenry that sees inadequate attention to hazard reduc-—
tion. I believe that a modern government should not wait for a Tokyo of
1923 or a Tangéhan of 1976 before it commits adequate resources. Cer-—
tainly governments should support adequate research and development
programs. They are needed and can return enormous benefits. R&D is
really not terribly expensive in the scheme of things. The same can be
said for public education and the preparation of construction codes. It
is more difficult "to deal with the larger financial resources, both
public and private, that are needed with the implementation of construc-—
tion codes or the replacement of unsafe buildings with new buildings
that meet modern codes. This should be part of decision-making through

the political process. I believe an educated citizenry will insist on an
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adequate response from their governments. History will judge governments
not only by their attention to health, education, and economic growth

but also by preparing their countries in advance of natural disasters.

I would 1like to make a proposal to you on the occasion of this
Eighth World Conference. It is a proposal to establish an International
Decade of Hazard Reduction (IDHR). By way of background, let me remind
you that natural hazards know no national boundaries except the earth
itself, and that there is already a history of cooperation in earthquake
engineering between nations, some examples of which are being reported
on at this very conference. Cooperation between scientists and engineers
is international by long tradition. The large number of scientisés from
so many different countries present today gives evidence to that. To
counter some dangerous trends in competition between nations, worldwide

cooperation on behalf of people everywhere would be an important symbol.

An IDHR would exploit many of the scientific and engineering
advances of recent years. Research on natural hazards, particularly
earthquake hazards, is moving to a new era characterized by theoretical
advances, large-scale field experiments, expensive experimental testing
facilities, use of supercomputers, access to global monitoring and
communication facilities. At the same time hazards research in many
countries is funded below the level that 1is really needed to fully

utilize these new opportunities.

In view of these observations, I believe there 1is great need, and
much support can be found, to establish an International Decade of
Hazard Reduction. This special initiative would see all nations joining
forces to reduce the consequences of natural hazards. The planning could
start within a year or two, with the preparation of national plans. The
implementation could take place in a few years. Perhaps it would be
appropriate for the final decade of this century. What better way to
start the new millenium than a world better organized to reduce

suffering.

What would be some of the features of IDHR? Earthquake hazards would

be a major element of such a program. The earthquake professionals are
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well organized, witness this meeting. The field is positioned for making
rapid advances, given the impetus of a dedicated, coordinated, inter-
national effort. For example, an international supercomputer facility
dedicated to natural hazard research might be established. Machines with
billions of floating point operations per second would be available by
that time. With this level of computing power, one can think of expert
systems for the design of structures using realistic non-linear models.
One can think of calculations of ground motion based on realistic earth-
quake fault models and wave propagation models. One can envisage inter-
national teams undertaking the regionalization of risk. Many parts of
the world that are particularly prone to earthquakes have not had the

advantages of a risk assessment for their region.

National goals for participation in the international decade could
be a major spur to country action. Think of what the International
Geophysical Year some 25 years ago did for the field of geophysics in
this country and your countries. As a significant bonus, an interna-
tional program can improve the infrastructure for hazard mitigation in
the developing countries where the problems are so severe, the dangers
are so great, and the ability to respond is so poor. Experimental facil-
ities that require high capital outlays and that contribute so much to
our understanding of how to design and build buildings can be done on an
international basis, perhaps using the CERN models developed for parti-
cle physics. Costs would be shared and access would be provided to all
countries. Another component might be a global strong motion network
with standardized instruments. Another feature might be a plan for

international cooperation in providing post-disaster relief.

The world is more vulnerable to cataclysms today than ever before
because of the growing population, the concentration of population, the
fragility of lifelines, and the interdependence of people. Our knowledge
of the effects of‘great cataclysms is growing. For example, there is
growing concern about a new source of danger—--resurgent calderas. These
are huge volcanic collapse features which combine the destructiveness of
earthquakes as well as huge volcanic eruptions. Imagine events that are

1000 times more powerful than the eruption of Mt. St. Helens, which

21



itself caused damage of over a billion and a half dollars. Some resur-
gent calderas are showing renewed activity in the form of surface
doming, earthquake swarms and evidence of magma accumulating ‘é few
kilometers beneath the surface. The geologic record tells us that thé
occurrence rate might be about ten per million years. The destructive-
ness of some resurgent calderas can be measured in millions of square
miles of agricultural land wiped out by the ash deposits, the lofting of
fine ash and the sulfur products into high atmosphere, blotting out the
sun for perhaps weeks at a time, producing worldwide agricﬁltural
losses. An IDHR would include studies of resurgent calderas, earth-
quakes, cometary impacts, storms, and other destructive natural phe-

nomenae.

Some concluding thoughts. By any measure, civilization has made much
progress in this millenium. I think the world is better off tﬁday than
it was 100 years ago, certainly better off than it was 500 years ago. If
you have any doubts, as some do, think in terms of life expectancies and
how they have improved, of the elimination of famines, the elimination
of epidemics, and the remarkable economic progress. Science and tech-
nology has been the major factor responsible for the improved state of
humankind. Yet much remains to be done. We are haunted by the specter of
natural hazards, with immense consequences, because of concentrated
populations, frailty of modern social institutions, and the other
factors that I have mentioned. Some major earthquakes are expected in
the next few years. Indeed, they may be "overdue"”! Can we minimize their
destructiveness? Most of you will agree with me that we will have the

technical means to do so in the years ahead.

Indeed, humankind has the technical means to achieve great things in
this next millenium: We can provide an adequate food supply, conquer
disease once and for all, provide global education, extend economic
progress, and greatly reduce the risk of natural hazards. Most
important——we can eliminate war so that the worst hazard of all--nuclear
war-—is no longer a threat. I believe we can and must progress in this
manner. Perhaps this 1is our last opportunity to do so. I believe that

the involvement of dedicated scientists and engineers, such as those

22



gathered 1in this room today, 1is the key to achieving these essential
global goals.

Thank you very much.

Penzien — The next presentation in these opening ceremonies
is the Conference Lecture to be given by George Housner.

In selecting him, we are recognizing a person who, over his
50 year professional career, has stood as a giant among those
advancing earthquake engineering from its infancy ito a well
established discipline in engineering and applied science.

There 1is hardly a topic of importance in earthquake
engineering to which Professor Housner has not given serious
thought. Many of us know this well, for we have been privi-
leged to follow his research contributions since early days,
as they were appearing in the literature and at conferences.

He has been an inspiration to generations of students and
researchers not only at the California Institute of Tech-
nology, his home institution, but throughout the world.

Through his participation as a consultant on a number of
important engineering projects in several countries, Professor
Housner has contributed to the improvement of seismic design
practice. During this week many of you will have an opportu-—
nity to use the San Francisco Bay Area Rapid Transit System, a
project which had the benefit of his advice when its planning
started 25 years ago.

Apart from his many important technical contributions to
the advancement of earthquake engineering, Professor Housner's
foresight and vision have given direction to the U.S. national
program of ‘earthquake hazards mitigation. The research commu-
nity in the United States 1s especially grateful to him for
his dedication and leadership in promoting support for earth—
quake engineering research.

* This introduction of Professor G.W. Housner 1s based, in part, on
the 'citation' prepared by M.S. Agbabian and A.S. Veletsos, when he
received the Medal of the Seismological Society of America in 1981.
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Professor Housner has served as President of the Earthquake
Engineering Research Institute, the host organizataion for
this Conference, from 1954 to 1965; of the International
Association for Earthquake Engineering from 1969 to 1973; and
of the Seismological Society of America in 1977.

As would be expected, Professor Housner has received
numerous awards and honors for his contibutions. I will not
take time to go over the long list, but it is worthy of note
that he was elected a member of the U.S. National Academy of
Engineering in 1965, only one year after the Academy was
founded; and to the U.S. National Academy of Sciences in 1972.

In this brief review this morning, it has clearly not been
possible for me to highlight all of Professor Housner's
contributions and to convey to you the significance of his
impact and imprint on the advancement of earthquake engi-
neering, especially in the United States. If I were to take
the time to discuss all of his contributions it could become
my narration of the history of earthquake engineering, in
which he has played a most distinguished role. Instead, I will
request George Housner to speak to us now on "The History of
Earthquake Engineering"”.

24



