
Science and Human Survival 

Unlimited war is self-defeating and an alternative 
must be found by a new science of human survival. 

War is today a social problem of 
catastrophic force and overshadowing 
urgency. The basis of war is power, and 
power is a product of science. Science 
is therefore deeply involved in this 
problem, and scientists have a partic- 
ular duty toward its solution. For the 
establishment of national policy on war 
-or peace-the public needs to learn 
the relevant facts and discuss their 
meaning. We believe that it is the ob- 
ligation of scientists to make these facts 
known, to estimate the consequences of 
alternative policies, and, if need be, to 
seek new solutions (1). 

War is a form of social action that is 
intended to conserve and protect the 
social order, or to extend it. It is one 
response to a basic social need for pro- 
tection. Despite its inhumanity and 
wastefulness many societies have thus 
far been able to adapt to the increasing- 
ly stressful effects of war and to survive 
its growing violence. However, current 
war preparations involve new weapons 
-nuclear, chemical, and biological- 
that have not had a substantial trial in 
actual combat. There is therefore no 
historical evidence that adaptation and 
survival are possible in this type of war- 
fare, or that these untried weapons can 
achieve the purpose for which they 
have been developed-the protection of 
nations or social orders. 

Growing Destructive Power of War 

The destructive power of modern 
weapons is increasing geometrically. 
The first nuclear bombs exploded in 
1945 released energy equivalent to 
about 20 kilotons of TNT; in the test 
explosions of 1948 the maximum size 
was about 50 kilotons; by 1953 explo- 
sions of the order of 1000 to 10,000 
kilotons had been achieved, and this 

year 30,000- and 50,000-kiloton bombs 
were exploded. In the 16 years since the 
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first nuclear explosions the size of avail- 
able weapons has about doubled every 
year. 

The present arms race is the outcome 
of the widespread basic knowledge of 
nuclear forces, the essentially unlimited 
power of the resultant weapons, and the 
existence of several nations capable of 
building them. Because some of these 
nations regard each other as potential 
enemies, a rapidly accelerating process 
of competitive armaments has taken 
place. One nation arms to deter a pos- 
sible attack from the other; fearing 
that these arms may be for aggression 
rather than defense, the second nation 
responds by an even greater armament; 
and the process continues. Defensive 
measures such as shelters follow the 
same pattern, for they too will tend to 
elicit a more powerful offense. The 
arms race is a typical self-accelerating 
process, and the destructive power of 
modern weapons is growing at a rate 
which becomes faster each year. 

Modern technology is not only pow- 
erful but also complex and fast-acting. 
The development of rocket missiles has 
reduced the time for delivery of a nu- 
clear weapon to about 20 to 30 minutes. 
In that brief time the target nation must 
discover that the attack has been 
launched, work out the missile's course, 
determine its national origin, decide on 
an appropriate response, and set in mo- 
tion its own defensive and offensive 
measures. To achieve the necessary 
speed there have been developed elab- 
orate networks of detectors, communi- 
cation lines, and electronic computers. 
Modern systems of warfare have be- 
come so complex and swift that they 
can no longer be controlled consistently 
by human judgment alone. 

Because of the complexity of modern 
war systems, considerable attention has 
been given to the problem of accidental 
war. Part of the elaborate instrumenta- 
tion is designed to set up multiple con- 

trols and other devices to prevent 
mechanical or personal accidents, and, 
according to some observers, reduces 
the probability of an accidental war. 
However, Norbert Wiener has suggested 
that complex computer systems may 
sometimes respond to a situation in a 
way that is not anticipated by their 
human controllers, and do so at such 
speed as to produce a wrong decision 
before there is time for correction. He 
believes, for example, that a machine 
designed to solve war problems might 
sometimes operate in an unexpected 
way and "win the war" at a price that 
nobody wants to pay (2). 

Regardless of which view of the ef- 
fect of instrumentation on the probabil- 
ity of accidental or unwanted war one 
accepts, it is clear that the hazard is a 
real one. The Mershon report, which 
has surveyed the problem, concludes, 
"Taking together all the dangers, there 
is a significant chance that a major ac- 
cidental war may occur sometime in 
the 60's" (3). 

Immediate Effects of a Nuclear War 

The immediate destruction expected 
from a full-scale nuclear war has been 
the subject of fairly detailed study, at 
least in the United States, and certain 
estimates are possible. The Joint Con- 

gressional Committee on Atomic En- 

ergy and the agencies cooperating with 
it have performed a valuable service in 

summarizing the relevant evidence on 
the effects of nuclear war (4, 5). These 
depend, of course, on what assumptions 
are made about the nature of an attack. 
In the congressional hearings, and in 
most subsequent discussions, it is as- 
sumed that the United States is attacked 
with 1- to 10-megaton weapons, totaling 
about 1500 to 3000 megatons, and that 
no adequate shelters have been pro- 
vided. In these circumstances it is esti- 
mated that the attack would leave some 
40 to 70 million dead within a few 
weeks; a lesser number would be in- 

jured and survive, depending on what 
medical facilities withstand the attack. 

According to a recent analysis of the 
effects of 20 megatons of nuclear ex- 

plosive on the New York metropolitan 
area, total casualties of about 60 per- 
cent of that population would occur (6). 

Any city struck in such an attack 
would be demolished by blast and fire 
storms. It is generally concluded that a 
massive nuclear attack on the United 
States could destroy most of the nation's 

major cities. 

SCIENCE, VOL. 134 



This scale of killing and destruction 
is so enormous that certain broad gen- 
eralizations regarding its social conse- 
quences can be made. At the very least, 
all social and economic processes which 
depend on large cities would be mas- 
sively disrupted: communications, trans- 
portation, finance, a considerable part 
of light and heavy manufacturing, ma- 
jor medical facilities, institutions of 
higher education, scientific laboratories, 
libraries, centers of government. If we 
add to this the widespread effects of 
fires and radiation outside the range of 
direct hits, it becomes apparent that 
such an attack would largely destroy 
our present social structure. Whatever 
operations were possible immediately 
after the attack would necessarily re- 
quire a system of economic, social, and 
political organization radically different 
from that which we now enjoy. 

In general, the development of a 
shelter program cannot greatly influence 
the conclusion that a massive nuclear 
attack would have the immediate effect 
of destroying the social structure. A 
particular shelter system is designed to 
resist a certain assumed intensity of 
attack, and its success depends on the 
validity of this assumption. But an op- 
ponent can be expected to respond to 
such a defensive move by stepping up 
the intensity of attack. Any shelter sys- 
tem short of one that places the nation's 
entire population and industry perma- 
nently underground can be negated by 
a corresponding increase in the attack- 
er's power. In fact, as Brown and Real 
(7) have pointed out, the mere prepara- 
tion to resist an increasingly massive 
nuclear attack-that is, the deeper and 
deeper emplacement of more and more 
of our activities into underground shel- 
ters-would, even in the absence of 
nuclear war, make profound changes in 
our normal social structure. 

There is, we believe, no escape from 
these conclusions about the immediate 
effects of a full-scale nuclear war on the 
belligerents: it would kill a consider- 
able portion of their populations, de- 
stroy the major cities, and disrupt the 
present structures of the societies which 
it would be intended to protect.. 

Long-Term Effects of Nuclear War 

The long-range problem is vastly 
more complex than the immediate one. 
It presents the following general ques- 
tions: (i) What lasting effects would the 
great fires and radioactivity produced 
by the attack have on the biological 
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system (soil, water, air, plants, and ani- 
mals) on which man depends? (ii) How 
would the increased death rate, wide- 
spread disease, and genetic effects of the 
war affect the vitality and viability of 
the survivors? (iii) Would the immediate 
destructive effects of a nuclear war 
cause major irreversible changes in the 
economic, social, and political organi- 
zation of our society? (iv) How would 
the foregoing effects-and the after- 
math of direct experience with the nu- 
clear attack-influence the behavior of 
human beings, and how would new pat- 
terns of behavior influence social or- 
ganizations and operations? 

The scientific evidence that can be 
marshaled to answer this formidable 
array of questions, which is summarized 
in congressional hearings held in 1959 
(4) and 1961 (5), is very limited and 
uncertain. The problems are listed 
above in increasing order of complexity. 
The simplest, though still exceedingly 
difficult, problem is the ecological out- 
come of a nuclear war. A discussion of 
this problem by an ecologist, John N. 
Wolfe (chief of the Environmental Sci- 
ences Branch, Division of Biology and 
Medicine, Atomic Energy Commission), 
begins with this statement: "The long- 
time ecological effects of nuclear war 
are nearly impossible to assess and even 
difficult to speculate about" (4, p. 840). 
In his opinion, ecological recovery-for 
example, reestablishment of the conti- 
nent's plant life-would require many 
decades, but more optimistic opinions 
have been expressed by others (5). 

The more complex problems associ- 
ated with recovery of the economic and 
social structures following their disrup- 
tion in a nuclear attack were consid- 
ered at the congressional hearings of 
1961 (5). Discussion by Sidney G. 
Winter, Jr., of the Rand Corporation, 

of the economic recovery problem con- 
cluded that sufficient industrial capacity 
would probably remain after a nuclear 
attack to support eventual economic 
recovery; but on questioning it devel- 
oped that this estimate was based on the 
assumption that transportation would 
be unharmed in the attack (5, p. 327). 
The conclusion that economic recovery 
is feasible was further qualified by the 
statement that it does not apply "to 
possible future situations when exten- 
sive blast shelters might be available" 
(5, p. 326). According to this testi- 
mony, in a nuclear war that would de- 
stroy a given proportion of the nation's 
industrial capacity, economic recovery 
would be possible so long as the loss 
of life in the initial attack would be 
correspondingly large (5, p. 315). If 
the ratio of survivors to remaining in- 
dustrial capacity were to become too 
great, the resulting denland on the lim- 
ited goods available would be over- 
whelming and cause a general failure 
in social organization (5, p. 313). Thus, 
what is proposed to enhance immediate 
survival of the population (shelters) has 
a contradictory effect on the balance 
between post-attack industry and popu- 
lation that is deemed necessary for 
long-term survival. In a piecemeal treat- 
ment of recovery from nuclear war, 
separate problems appear to be soluble 
just because they are artificially isolated 
from the web of interconnections that 
distinguishes the complexity-and the 
actuality-of society, an illusion that is 
dispelled when the fragment is restored 
to its proper place in the whole. 

If we take the evidence presented 
at the recent hearings as a summary of 
the present state of knowledge, and 
consider in its entirety the problem of 
recovery from nuclear war, there is, we 
believe, no scientific basis at present for 
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a useful prediction of what kind of 
society-if any-would emerge from 
the ruins. 

It will be argued that such fears and 
uncertainties have always accompanied 
the development of new forms of pow- 
er, that these hazards have always been 
overcome, and that the new forces have 
been successfully put to good use. We 
will be reminded that the invention of 
dynamite was supposed to render war 
inadmissibly fearful, but that society 
learned to accommodate itself to this 
new destructive force. In reply we 
would point out that social adaptation 
to new forms of destruction has always, 
in the past, been achieved by actual ex- 
perience. Society has "learned to live" 
with the new inventions by a series of 
historical experiments, rather than by 
predictive analysis. What is at issue 
today is whether or not we can afford 
to take the appalling risk of attempting 
to learn from experience whether soci- 
ety-and indeed human life-can sur- 
vive a nuclear catastrophe. 

We are obliged to reassert that the 
analytical powers of science, which have 
until now helped to guide society to- 
ward its present levels of accomplish- 
ment, fail to predict whether human 
societies would ever return to their 
present state of competence following 
a nuclear war. If society embarks on 
the path of nuclear war, science cannot 
now offer enlightenment on the end 
result. 

Even if by some unforeseen develop- 
ment we could tomorrow discover how 
to survive a nuclear war, the basic 
problem will remain, for other kinds of 
equally devastating wars are also pos- 
sible. Shelters that might protect from 
the blast, fire, and radiation of nuclear 
war could yet remain vulnerable to an 
attack with chemical agents. If a way 
were found for defense against a chem- 
ical assault, farmlands would remain un- 
shielded from fertility-destroying agents. 
Science has now achieved such mastery 
of nature as to place in human hands 
the power to end human life. This basic 
scientific knowledge is widespread, and 
will grow as science makes further ad- 
vances. Although stockpiled bombs can 
be destroyed, the knowledge of how to 
make new ones cannot be obliterated 
from men's minds. From now on, man- 
kind must live in a world in which a 
suicidal war-by whatever means-is 
always possible. Our problem is not the 
prevention of a particular war but the 
continuous protection of human society 
from a potential danger that will in the 
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foreseeable future continue to threaten 
the human species with extinction. 

We have examined the effects of 
modern war with respect to our own 
society. However, we believe that the 
conclusions apply with equal force to 
all belligerents in an unlimited war. In 
view of the world-wide effects of radio- 
active fallout and of the economic in- 
terdependence of the modern world, no 
nation can hope to escape the cata- 
strophic effects of such a war. 

We must conclude that society can 
no longer be defended by an unlimited 
war. If we commit the decision of con- 
flicts between opposing societies to such 
a war, both will be largely destroyed 
within days and their remnants will face 
an uncertain future. If we permit such 
a war to occur in the future course of 
human history, we run the risk of end- 
ing human history altogether. 

This is a major transformation in the 
human condition, and in the nature of 
human society. Peace, which was until 
now a human want, has become a hu- 
man need. But so long as there is no 
alternative to war as a means of nation- 
al security, the need for peace-and for 
survival-will conflict with the need for 
social protection. It is this unresolved 
conflict that has bred the crisis of our 
time. 

The Responsibilities of Science 

We believe that science has a com- 
manding responsibility to help mankind 
survive. Whether society shall continue 
to rely on war-which is now so dan- 
gerously unfit for its protective function 
-is a social decision in which scientists 
have no greater or lesser rights and 
duties than other citizens. But, in the 
discussions which must precede this de- 
cision, and in the development of the 
means for putting it into effect, science 
has a special duty and an historic op- 
portunity. 

If this crisis is to be resolved by ra- 
tional social action, the public must 
become aware of it, understand its 
dimensions, and appraise the possible 
solutions. For all these purposes, the 
public must have the relevant technical 
facts. Scientists, who are the custodians 
of this information, must be prepared 
to bring it before the public. 

To accomplish this educational task, 
scientists will need to overcome certain 
difficulties. One problem is to remove 
the obstacles which now tend to ob- 
struct the flow of technical information 

to the scientific community. Much of 
the information about war is not easily 
accessible to scientists, for it often ap- 
pears in special reports which rarely 
find their way into the scientists' libra- 
ries. This information must be brought 
more fully into the stream of ordinary 
scientific communication if scientists are 
to be adequately prepared for public 
education on these problems. 

Another difficulty is caused by the 
political tension that is naturally asso- 
ciated with the problems of war and 
peace. Any scientific finding about these 
issues is almost certain to be construed 
as supporting some political beliefs and 
contradicting others, and there may 
be a tendency toward social pressure 
against the scientist who attempts to 
disseminate it. Such constraint on the 
free and independent scientific exami- 
nation of these problems is an obstacle 
to understanding and a hazard to the 
rational development of social deci- 
sions. If scientists have the obligation 
to inform their fellow citizens about 
grave issues, citizens have a reciprocal 
duty to defend the scientists' right to be 
heard without prejudice. 

By providing the public with the nec- 
essary facts-objectively and calmly- 
scientists can help overcome the uncer- 
tainty, confusion, and fear that have 
been generated by the war crisis. 

Science must also assume a new obli- 
gation in the present crisis. Science has 
traditionally served all human needs, 
among them the need for protection 
against threatened or perceived harm. 
The same duty that has placed science 
at the command of warfare now re- 
quires that scientists should with equal 
devotion serve the social need for 
peace and find a means of protecting 
society that does not run the risk of 
destroying it. This is a great historic 
challenge, and we believe that science 
is ready to accept it. 

To provide time to devise an accept- 
able alternative to war, negotiations to 
limit armaments and recourse to war 
are urgently needed, and scientists are 
already performing valuable services in 
facilitating them. Scientists have done a 
great deal-but can do considerably 
more-to help disseminate and apply 
technical information for the promotion 
of human welfare in all the nations of 
the world. If every nation becomes ca- 
pable of protecting its own people 
against hunger and disease, political 
conflicts that might set off an unlimited 
war can be reduced. But these measures 
will not alone solve the basic crisis of 
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war, for peace is a process, not a state 
of truce. What are lacking to establish 
this process are instrumentalities for 
the maintenance of peace and for the 
self-protection of society that are free 
of the self-defeating faults of modern 
war. 

The importance of peaceful means 
of resolving social conflict has, of 
course, long been recognized. Students 
of human behavior and of social, eco- 
nomic, political, international, and legal 
processes and many research organiza- 
tions and foundations have made im- 
portant contributions to the understand- 
ing of social conflicts and have investi- 
gated possible methods of resolving 
them. But these efforts, valuable as they 
are, do not measure up to the urgency 
of the need. 

Separate analyses of the different 
aspects of the problem of peaceful res- 
olution of national conflicts are inade- 
quate to the task. These problems are 
inherently complex, and a scientific at- 
tack on them, if it is to succeed, must 
acknowledge and deal with this com- 
plexity (8). For example, the negotia- 
tions on a nuclear test ban treaty- 
such a treaty represents only a rather 
small part of the total problem-in- 
volve a wide array of questions in the 
natural sciences, sociology, and eco- 
nomics. 

We believe that if the complexity of 
the problem is not only recognized but 
accepted in advance as inescapable, it 
can be solved. For this purpose we will 
need to marshal the full resources of 
all the sciences. We shall need to use 
the special experimental skills of the 
natural sciences and the knowledge of 
man accumulated by the social sciences 
of anthropology, human biology, psy- 
chology, sociology, political science, 
economics, and history. We can no 
longer risk actual historical experiments 
to prove out the alternative methods of 
survival open to the human race. But 
with creative scientific imagination we 
can develop ways to simulate the prob- 
lems in the laboratory-for example, 
through models based on new ideas and 
approaches-that will enable us to deal 
with the many-sided problems and to 
test the suitability of new procedures. 
In the past, the physical, biological, and 
social sciences have been separated by 
their reliance on different approaches. 
Today, to meet the new needs of the 
entire human species--which have re- 
sulted from the application of science 
to the protection of individual societies 
and the resulting obsolescence of war- 
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fare-the concepts and methods of all 
the sciences must be combined. We can 
then hope to devise new social inven- 
tions to protect all mankind from self- 
destruction. 

Are these hopes unreal? Can such a 
complex scientific assault on so difficult 
a problem really succeed? No one 
knows. But we do know that modern 
science has the facilities, the techniques, 
and the material strength that can be 
directed toward this task. As evidence 
of this capacity we need only cite the 
current accomplishments of science, 
and the considerable success of recent 
interdisciplinary and international sci- 
entific projects (the International Geo- 
physical Year, the various United Na- 
tions programs, and antarctic explora- 
tion). 

Despite its formidable complexity 
and close association with deeply held 
social ideas, the problem of modern 
war is of a type that is not wholly new 
to science. Science has some history of 
success in dealing with such issues. In 
a certain sense the present problem re- 
sembles the histoiical crisis due to the 
impact of Darwinism on Victorian so- 
ciety-or of the Copernican revolution 
on the medieval views of man and the 
universe. In these historical trials the 
views fostered by science finally pre- 
vailed. This success reflects the special 
strengths of science. Science has devel- 
oped methods for using man's most 
powerful instrument, reason. Science 
has learned how to face the actualities 
of nature, define their limits, analyze 
and direct them. Science follows rules 
of procedure which help to assure the 
validity of its methods: insistence on 
objective open discussion of results, 
continuous correction of errors and 
omissions. Science has taught its prac- 
titioners to rely on what we know about 
nature, rather than on what we wish 
nature to be. Science has powerful 
means for correcting faulty human con- 
ceptions such as the continuing belief 
that human societies can be conserved 
by modern war. 

We call for the establishment of a 
new collaborative science, the science 
of human survival, which will apply 
the full strength and wisdom of all the 
sciences to the solution of the crisis 
created by the obsolescence of war. 

We cannot now provide a blueprint 
of the structure of the new science, nor 
specifications of all it may accomplish. 
But some of the problems that it must 
solve are now known. Given this knowl- 
edge, we believe that the new science 

can develop practical means for the 
solution of the crisis generated by the 
suicidal character of modern war. 

The present danger of war derives 
from the powers of science and the de- 
cisions of society; and its resolution 
also depends on these agencies. It lies 
within the power of science to illumi- 
nate the self-destructive nature of mod- 
ern war and to discover new social in- 
ventions to replace it. It is up to the 
citizens-in this nation and throughout 
the world-to determine that the pow- 
ers of science will be used not to wage 
war but to create the conditions of 
peace. 

The great changes that science has 
made in the human condition form a 
procession of present accomplishments 
that yesterday were only fantasies and 
dreams. This history gives us hope that 
science can help mankind realize to- 
morrow what is today the dream of 
peace. 
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