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This paper is a brief look at a wide range of risks that are said to present great threats to humankind. It was stimulated by several interacting factors. First, too many books and articles about astrophysical catastrophes, in the scientific and semi-scientific press, give relatively little attention to their timeframe or the measures to anticipate and prepare for them. Second, and most important, is that the overblown effects of 9/11 have distorted the United States of America’s perspective and agenda on catastrophes. The result is that billions of dollars have been wasted and attention turned away from threats that could be truly catastrophic for the United States and, in many cases, for the rest of the world. Third, are books that have become popular by raising the threat that what will happen to us will be similar to what happened to earlier societies such as the Maya and the Easter Islanders. Most notably among these is Jared Diamond’s Collapse. (1)The failure in these doomsday arguments is to overlook the greater sophistication, knowledge, awareness, monitoring and preparation current in the United States and in other parts of the globe. The institutional structure and scientific knowledge today would either prevent or deal with the kind of socio-economic decline anticipated by the “collapse” arguments. In contrast several geophysical and celestial risks do imply global catastrophe.

The purpose of this paper is to give a rational organization of material about four levels of risks. One can look, simply, at triangular relationships:  people, civilization and culture. People are always organized into cultures and, under the right circumstances, the culture may lead to a civilization. On the other hand, great numbers of cultures, particularly those of small communities, tribes, or isolated groups are hardly what one would even begin to think of as civilizations.

The essential condition for civilization is that productivity, particularly agricultural productivity, be so high that there is sufficient surplus to sustain a relatively large number of people representing a substantial percentage of the population who have no commitment to agriculture, but rather can explore virtually any other aspects of the world, including arts, science, invention, humanities, war, and expansion.

In terms of a traditional Darwinian terminology, we may be involved in sympatric evolution, that is, evolution in which speciation begins within a group that is itself all living together and not separated by significant barriers, mountain ranges, deserts, and so on, which is the more common basis for evolution. Evolutionary changes in humankind, while likely to be important to society in general, are not discussed in this paper. It is worth noting, however, since we are entering into an era of gene manipulation, effectively influencing and accelerating our own human evolution, we will on average become smarter and more talented over the centuries..
My goal is to throw the future risks into a temporal and potential effects framework, looking at potentially catastrophic developments as marking one of four dreadful outcomes:

· The end of cultures,

· The end of civilizations,

· The end of humankind,

· The end of the Earth.

To help with this understanding, I have prepared a scale of catastrophes over our total future  noted in ten orders of magnitude of time, from those right upon us in the next ten years out to the next several billion years. The time scale is logarithmic, so that we can encompass them on two dimensional paper. While all the measures will be in terms of death, it is generally believed that in catastrophes there are 3-10 incapacitating injuries for every death. In some situations, for example, the military, it is far better to wound people than it is to kill them. If a man is killed, he is gone forever. If he is severely injured or sickened, it ties up logistics and an extensive support stream, which is to the advantage of the aggressor. This raises the value of threats of poison gas, disease, amputations, contagions, and damage to the sensorium to thwart the enemy’s plans and capabilities. Anthropomorphizing, the risks discussed will behave as if they are our clever enemy.
To facilitate understanding of the risks and what might be done about them, I offer The General Risk Analysis Question, Exhibit I. The point is that with regard to any risk discussed  here or elsewhere systematic questions or points, in Exhibit 1, are crucial to understanding risks and consequences and what might be done about them. It should be clear to the reader that the material presented in Exhibit 1 largely reflects the risks familiar today with regard to the U.S. and the rest of the world. As we become more familiar with the geophysical and astronomical risks that we will face, the categories presented will almost surely need to be expanded. The purpose of the table and any successor is to be a formal mechanism to promote a more systemic consideration of unfamiliar risks.

A baseline for consideration is necessary to understand severe threats. In order to give some extremely broad texture, I propose a definition of severity based on assuming a global population of ten billion. It is around six billion today, but let us assume for convenience in the next few decades or 100 years, it will hit ten billion and stabilize. The convenience of having one base number to deal with makes everything else easier to understand. The reader should have no problem in shifting the population assumption up or down. Those shifts will not affect any points of the analyses. In terms of the long range perspective, looking back on the four categories of outcomes we are concerned with, it is extremely difficult to find a risk which is truly a deep seated threat to all civilizations, much less to humankind. 

With regard to the Earth, its end is one of the few things one can count as inevitable. When it ends, there is no point in talking about people or civilization unless people have migrated elsewhere. So, no people, no culture; no culture, no civilization.

Exhibit 1: The General Risk Analysis Question
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Source: Joseph F. Coates et al, “Risks to Humankind,” March 1979, U.S. Congress, Office of Technology Assessment,
In the current state of astronomy, the Earth is likely to experience an expansion of the sun into a red giant. The Earth will be swept up in that much, much larger ball. Then it will collapse. That is the final end of the Earth. The other three dreadful outcomes will have, themselves, been answered or addressed well before the red giant swallows the Earth.

Concerning the end of the Earth, few of the risks are proximate in time, but if one takes a billion year timeframe, as I do here, those risks become numerous and realistic.

Some of the effects dramatically affecting the whole Earth may wipe out civilization(s) and not wipe out humankind, but they will be discussed below.

There are a few things that would knock out people to an extent that would destroy civilization. The two most likely ones are an astronomical event such as an asteroid hit, or an extensive nuclear war. But, even they are unlikely to create a total wipeout, but be a big setback.

 Some prominent scientists as well as numerous science fiction writers have frequently written about an escape of humankind from our planet to another planet.(2) This is highly unlikely for two reasons. Under the assumption that there is no special or unimaginable scientific discovery made between now and the time we would like to depart, departing the Earth for survival is not in the cards. First is the question of how many people are necessary to start a new colony or to keep a colony going. If we assume two thousand or more, we get a sense of the needs in launching such an interstellar venture. If we just look at interstellar travel in our own galaxy, we are confronted with the multi-generational time that it would take. Stars tend to be close from one point of view, twinkling in the sky, but from the point of view of travel, far distant. It may well take 200-250 years at eight tenths the speed of light to reach a sun-like star with the appropriate size and satellites similar to Earth, Venus or Mars. If the crew had to travel for 250 years, it would imply a great stockpile of embryos ready to be grown into humans. Technology is not quite ready yet with the artificial womb, but that, by no means, is something to overlook.

 Another possibility would be to reproduce in the usual way, during travel, keeping in mind that one would want to have the travelers as much like each other at the end as at the beginning of the flight. Genetic tools would come into play in selecting who mates with whom or what egg fits the then current gap. Having gotten to a target, the question then confronting the interstellar travelers is what to do and how to do it. No matter what the resources are, unless it is an already lush planet like the Earth—lush with life, lush with forms of life—the travelers may have to start like pioneers, from scratch. That raises the question of what raw materials, machinery, devices, and training in use of those devices should be stored on board. It is getting to be a mighty big space craft.
The notion of escaping to another world by a flight to another planet, under the best of circumstances, borders on the extremely unlikely, shading off into the impossible, in terms of the total global population and of what we know, assuming no extreme discoveries or capabilities like teleportation.

If it proves impractical to move any significant segment of the population to another star’s planet, some form of panspermia  could be considered. The small organisms transmitted through space, either to specific planetary targets, or just generally broadcast, could have as their mission to begin terraforming. That approach, of course, might take hundreds of thousands if not millions of years, and would not necessarily in an evolutionary sense, lead to people or be susceptible to human invasion. One problem with any panspermia project, especially without a marked target, is the deadly rays encountered in flight, protection against which might be prohibitive. If panspermia were used to more or less randomly seed humanity in the universe, the geometry of distance and the relatively miniscule size of the panspermia containers would make almost any conceivable number launched unable to find a target.
The first category of significant dreadful outcomes: the death of cultures, raises definitional questions of what is a culture, and how to define the boundaries on it and what it means for it to disappear. Obviously, most of the cultures that would be at risk today are small, involving thousands, tens of thousands, or surely well under a million people. Cultures larger than that are becoming increasingly globalized, westernized, and part of an expanding international advanced-nation culture, with local flavors in different parts of the world. When we turn to the smaller cultures, there is not even a good guess as to how many there are, but an excellent surrogate for that is the number of languages that there are. Each culture insofar as it is isolated has created its own language. The linguists tell us that languages are dying in great numbers. 

Another side of the question is, whether the death of cultures good or bad. There are worldwide people who deplore the loss of any culture. (We are not thinking about people, but about the culture of a people.) Unfortunately, they would like to see functional groups of the people at cultural risk preserved to become parts of a living museum. 
That is unfair and, to say the least, undemocratic. Consider the case of the people who manage and harvest the reindeer in Finland, the Lapps. Their culture is in large part framed around a great annual cycle. The animals are collected together and moved much like the situation so common in our western movies of taking the herds of cattle from Texas to the Midwest slaughter houses and railroad yards. The snowmobile was introduced into Lapp society and has been rapidly changing their customs. Some outsiders, as noted, deplore this. But remember, no one forced the snowmobile on the Lapps; it is their free choice and it is outrageous to think that we would deprive them of free choice to adopt what they see will enhance the quality of their lives. 

On net, I see the loss of cultures as, in some romantic sense, regrettable and undesirable, but in terms of the overall benefits to humankind, the integration of the minor cultures into a global culture carries far more benefit for them and for the world than local survival does.
Civilizations, as we all know, have come and gone. We have a substantial body of knowledge as to the reason why they have come and, more importantly, why they go. One can usefully take a Toynbean view and see that civilizations face risks and they either succumb0 (Babylonia and the Aztecs) or they come into equilibrium with the risks as did the Aleuts of the Arctic, or they overcome the challenges as current civilizations have, so far. (3) We can look at those three possibilities for the future. Almost surely, some of our civilizations, as we think of them, will come together with other civilizations, notably Japanese with the West, and perhaps China with the West, India with the West and, in that sense, two or more civilizations become one global civilization. But, that is not the only alternative. Consider, for example, a global English-speaking union as a globallydispersed civilization.
Severity of Risks
In pursuing risks of loss and survival, it is important to have a scale of severity of events. Here I propose a multi-number scale like the Richter scale in which events’ severity measured by deaths vary from 1 to 10; 1 representing up to 10 deaths; 2 representing up to a hundred; 3 up to a thousand; 4 up to ten thousand; 5 up to a hundred thousand; 6 up to a million; 7 up to 10 million; 8 up to 100 million; 9 up to a billion; 10 up to 10 billion; all these numbers representing deaths of people from particular events or their identifiable immanent  effects.

Most events that we think of as serious and shocking are seen that way because of their propinquity in space or time. Events seem a lot more potentially or actually serious under two conditions. First, they are physically close and second, we are familiar with the people involved. So a relatively modest event such as the Twin Towers becomes, not just monumental in the public mind, but it motivates billions of dollars in expenditures to prevent something like that from happening again. Yet, it is, in fact, a mere 4-level on my scale. On the other hand, a quarter million people died (level 6) from an earthquake in China a few decades ago. It barely made a note in our national press. 

Defining the Collapse of Civilization
There are at least eight developments accompanying or following a catastrophe that define the collapse of a civilization:
· Weak or no central governmental power

· Slowing or even reversal of social and economic progress

· Short-term focus by all organizations and people

· Concentration on short-term issues and problems

· Radically reduced long distance trade

· Widespread scavenging and recycling reuse of materials

· Little or no new infrastructural development and steady decay of what exists.
· Rise of powerful gangs and, ultimately, war lords.

A Baseline for Consideration

If we look at the United States with a population of three hundred million and a death rate of about 9 per thousand, that works out to about 2.7 million deaths per year. That is a large number, but it is absolutely routine and accommodated in a routine way in society. Death rates, over the globe by country, vary from a low of 3 to a high of 26 per thousand.

Factors in the Short Term Limiting Damage
Listed below are some of the widely accepted institutional and governmental steps that can be taken to anticipate, prepare for, and deal with disastrous events and their aftermath. The importance of this with regard to dreadful catastrophes is that they are of little help or relevancy. We need new points of view, preparation, and practices to get us more ready to face inevitable challenges to civilization and human kind.
· Regional effects

· Warning

· Intrinsic limitations of the active agent

· Preventatives, e.g., vaccines

· Libraries for recovery of relevant skills

· Purification by clean-up technology

· S&T developments

· Management progress.

Most of the catastrophes threatening civilizations and humankind call for extensive and expensive new research to provide early warning and to suggest means of anticipation and mitigation. Research of course will also be essential to recovery, since we have had little or no experience with millions of people in desperate need of food, water, and shelter, and some percentage of them requiring medical attention. Each of the dreadful catastrophes discussed in this paper is crying out for a plan to prepare and deal with the intrinsically unfamiliar situation. For example, as will be mentioned below, deadly gamma ray bursts are created by a specific type of supernova. Those supernovas go through a premonitory phase that should give an early enough alert that we could warn people on the appropriate parts of the Earth when, and for how long, to seek subterranean safety.   

Definitions of severity, from the perspective of the end of civilization, or the end of humanity, here for convenience, assume a global population of 10 billion people. Deaths greater than 99% threaten humanity’s long-term survival
Exhibit 2: Scale of Severity of Risks
	Severity Level
	Deaths

	1-4
	1-10,000 deaths—trivial 



	5-6
	Up to a million deaths—only locally significant, globally inconsequential



	7-8
	Multiple millions—globally substantial dislocations, as with the Black Death, up to a hundred million people

	9
	Up to a billion deaths—depending on how localized or thinly spread, could threaten small, weak civilizations

	10
	Up to 10 billion-

· Deaths affecting 50% to 80% are a threat to civilization(s)

· Deaths greater than 99% threaten humanity’s long term survival. But keep in mind, 99% deaths would still leave 100 million people alive.

 


Attitudes About Risks and Their Importance
Anthony Michaelis, the founding editor of Interdisciplinary Science Reviews, suggested that two things influence the significance of the severity of a risk in people’s minds. The first is closeness and the second is the number of people affected, especially killed. So a criminal who kills one person is routine news, one who kills 5 or 6 is big news, and one who kills 30 or 40 is seen as unprecedented.

The research of Kahnman and Slovic and others suggest that two factors primarily influence the fear of risks. (4) One is familiarity or unfamiliarity with the risks, and the other is the feeling of control or little or no control. So the biggest fears are those things which are unfamiliar and over which one has no feeling of control. The ones least feared are really the common risks of our society, the things that are familiar, like automobile driving where you have control or at least where people feel they have control.

Greenhouse warming is an interesting illustration of the implications of the work of Kahnman and Slovic. For 15 years the general public and our political leadership basically ignored the climatological research and the forecast of the climatologists. Once the public could see the surprising weather changes we have witnessed in the last three years, the tide turned and greenhouse warming is rapidly heating up as a public policy issue. The unfamiliarity of new weather patterns and our obvious inability now to change them in the short run nicely fits Kahnman’s and Slovic’s quadrant, “unfamiliar and not in control.”

The Risks

We begin with greenhouse warming because its effects are worldwide and likely to worsen and be continuous for many decades or longer. Those effects are likely to raise the deadliness  potential of risks that would otherwise be within the normal range of what we know  how to deal with, such as famine, hurricanes, extremely cold intervals, etc.
Greenhouse Warming

The most important high-probability risks that the world faces in the next decades and running on indefinitely into the longer-term future, are the consequences of greenhouse warming.

Some of the effects of greenhouse warming proposed over the last fifteen years, by climatologists, are: a rise in atmospheric temperature; a smearing out of the seasons—that  is, an indefinite transition from spring to summer and summer to fall, and so on. A third effect is that the weather will be much spikier, deeper droughts, heavier rainfalls, heavier snow, longer frosts and longer heat waves. The rise of ocean water will occur, just from direct solar heating since warm water is less dense than cold water. The melting of the Greenland icecap and later, the melting of the Antarctic icecap will drastically enhance the effects of ocean rise. The melting could easily raise the ocean level 20 feet within a few decades. That suggests several things: Bangladesh will disappear; the Florida Everglades will be history; and, around the world, low-lying island countries will be submerged or laid low by hurricanes. The coastal areas everywhere will be more severely hit by hurricanes or their regional equivalents. 

The more frightening anticipation is that somewhere in the next five decades, the Antarctic icecap will begin to melt on a grand scale. Then the oceans could rise as much as 200-300 feet when most of the ice in Antarctica is converted into ocean water. Relatively little has been written on the effects on the oceanic biota by enormous dilution and cooling. A specific effect we may be able to see soon is that as Greenland glaciers melt they pour cold water into the ocean. That water gradually moves out from the straits into the Atlantic itself and will intersect the Gulf Stream. To make a fairly complex story straightforward, the Gulf Stream is part of what is called the Conveyor. (5) Warm water, in the tropical zones moves north along the Central American and Florida coasts, as far as Iceland, under the label “the Gulf Stream.”  That warm water has for many years been thought to be what gives Europe its generally mild climate. (Recent research challenges that belief.) (6)  As the Greenland glacier melt intersects the Conveyor—that is the Gulf Stream—it will dilute the salt water and also change its temperature and, thereby, interfere with the present process in which as the warm Gulf Stream gradually cools, giving up its heat to the atmosphere, and falls to the bottom of the ocean where it flows back to the tropical zones. Hence the term “Conveyor.” What that new development means for Europe’s climate is difficult to say precisely but it is not likely to be good .

A further consequence of global warming will be a large scale shift in agricultural and ecological zones. We already have a great deal of evidence that a shift is occurring. In California, they are monitoring the spontaneous migration of plants and animals. Animals and plants in any particular latitude are moving north exactly as you would expect as their ideal climates move north. The serious implication for humankind is that virtually all the crops in the world—and certainly all the major ones that provide the bulk of our food—are grown as a complex balance in the last 70 years to optimize crop production. Factors in that balancing are gene type, soil type, rainfall, pesticides and other soil and plant treatments. All of that will have to be rebalanced in a timely way as the agricultural belts shift.

Recently entering into the consideration of greenhouse warming and offering a far more horrendous possibility than anything previously discussed is occurring in Siberia. The US reconnaissance missions have continually monitored developments in the tundra and have found that lakes are spontaneously forming. The lakes often disappear. Presumably there are some underground channels carrying the water off into to the sea. Unlike the naïve image many of us have of the tundra as just frozen soil heaped over with a thick crust of permanent ice; to the contrary, a large portion of the subsurface is peat. That peat, when exposed to air, undergoes biochemical changes to create methane. Methane is somewhere between 10 and 13 times more powerful as a greenhouse gas than is carbon dioxide. This tundra melting creates a positive feedback loop. The methane from the tundra, warms the atmosphere, increasing melting of the tundra and the cycle could repeat indefinitely. At least one analysis suggests that it could imply needing to add a zero to any forecast we now have of greenhouse-induced temperature rise. One zero would be truly a globally transforming force. Two zeroes would be unbearable to life.

Let us now look at some of the traditional geophysical disasters and see what the possibilities for them are in bringing about any of the dreadful outcomes. (7) 

Floods

There is nothing in terms of the kinds of flooding that is now seen as severe, such as the overflowing of the Mississippi, that would threaten civilization. Familiar floods present nothing more than regional threats and some possible upset in the regional socio-economy and even some blips in national economies. However, as Arctic ice melting occurs, there may be natural dams formed or present which, when broken, could release enormous amounts of flood water, spreading in all directions from the Arctic regions south. Routine geophysical surveys should detect any such hazard in time to manage it successfully. 

Throughout the world there are calderas, the hollow remaining after a volcano blows its top. They in many places are attractive sites for recreation, tourism and housing. They present no risks in terms of our three deadly categories of effects but are likely to be sites of local devastation.  Consider, for example, Lake Tahoe in Nevada which is a caldera. 

As greenhouse warming progresses, oceans will flood many ports, harbors, and coastal cities and low lands, displacing great numbers of people who have no place to go, as in Bangladesh., or who will lose built-up land with no hope of recovering the wealth they represented. The US Geological Survey has inventoried the largest past and recent floods.(8)  

Volcanoes

There are about six hundred volcanoes identified around the world as active, only 150 of which have received any useful degree of study. Krakatao, in 1883, killed 36,000 people, created a cloud 30 miles high and made the loudest noise ever heard on Earth. It was a pyroclastic eruption that created a tsunami about three times as high as the one in Indonesia in 2004. As an incidental note, in 1815, a volcanic eruption in Indonesia did wipe out an island, its language, and presumably, the minor culture that sustained it. Science published a group of papers on the current state of volcanology worldwide.(9) 

 Volcanoes will continue for the indefinite long term future to be a great or minor, local or regional concern, depending on how recent the last eruption was. Some will be more damaging and dangerous to others; simply the greater number of people and the increased population density will make them more hazardous. In cities building on the side of the volcano will continue while in mountainous areas their natural beauty will draw many people for recreation, sightseeing, and housing.

The Krakatao eruption darkened the sky for a couple of years, suggesting what might be in store for the future. There are truly rare events that some have come to call super volcanoes. Yellowstone Park is a caldera that is a shell of a previous super volcano. About 640,000 years ago, there was an explosion a thousand times the force of Mt. Saint Helens in 1980, creating 230 square miles of destruction—something four times the size of Washington, DC. The potential of super volcanoes exists all around the world. In really ancient times, one pyroclastic eruption in the Cascades sent debris as far as what is now the Mississippi River. 

Vesuvius exploded in 79 A.D. Today, hundreds of thousands of people are at risk from the inevitable second Vesuvius. Let us assume, for example, in terms of our pattern of potential threats, that the whole city of Naples was wiped out and everyone killed. What would be the significance of that? Globally, nothing. In terms of Europe, some effects. In terms of Italy, it would be a severe blow to the economy and it would take several years to recover.

In summary, run of the mill volcanoes are a local or at worst a regional problem. But super volcanoes like Krakatoa or the one that created Yellowstone could cause mild to severe changes in incident sunlight for a couple of years and threaten world food crops, and result in famines, but no threat to civilization or humankind. The pyroclastic explosion could directly devastate thousands of square miles. When ? Anytime. Where? Most likely on the ring of fire, the circum Pacific volcanic and earthquake zone

Landslides and Avalanches
Landslides come about from volcanic activities, earthquakes, and tsunamis, and on a small scale from rain or snow. Most of the landslides or avalanches we hear about every year are in the recreational areas of the far West where people love to ski. Snow in the winter or rain other times on the downward slopes of fairly high mountains causes the slide.

 Subsurface effect of volcanoes on the ocean floor may be landslides that release large amounts of methane hydrate. Around many parts of the perimeters of the oceans in relatively cool regions, the gas, methane (which is the major component of natural gas) is trapped in a cage-like structure at the molecular level. Six molecules of water create a cage for a molecule of methane. It is geologically formed under pressure and cold conditions. Perhaps several parts of the world in which a slip or slide or an earthquake could shift the topography enough that methane would be released from a warmed up or agitated oceanic floor to an enormously significant degree. As noted methane is a more powerful contributor greenhouse warming than carbon dioxide is.

Earthquakes cause landslides. One of the most interesting may be in the Canary Islands. In 1949 a quake split off a side of an island, La Palma, but did not separate it. Only fairly recently has it been established that that rupture is real .The implication of that is 500 billion tons, the severed part of the island, could slide into the ocean and create a mega tsunami of unprecedented scale. Picture that traveling across the Atlantic at 500 miles per hour, inundating and wiping out the coast of Central America, the East Coast of the United States  on up to Canada. That tsunami could be so high, and 720 kilometers wide, that it would penetrate the coast twelve and a half miles inland.  It will go that far inland until all its energy is expended.

Earthquakes
Earthquakes come about from the structure of the globe itself. The surface of the Earth consists of enormous plates that are still moving. As they move, they inevitably rub against each other or one slides under another. For example, the Himalayas were caused by one plate moving under the other, pushing up and creating the mountains, These processes are slow, on a geological time scale. The plate structure of the surface of the Earth is the explanation for the “ring of fire,” that is, the belt all around the Pacific of earthquake and volcanic zones.

The Tangshan quake in 1976 destroyed 97% of the buildings, and killed 655,000 people from a total population of one million. We have, in the United States, the stupidity of allowing building on either side and in some places straddling a quake fault line in California. They will inevitably quake and there will be the multi-billion dollar incidents, but those incidents will be of no threat to the world, relatively a ripple in the economy of the United States and, of course, a serious problem for California with its dense populations along the West Coast. In terms of long-term implications for the stretch from San Francisco to Los Angeles, the quake zone, is long, expensive recovery, but with no desperate consequence for the nation as a whole. Assuming level 5 deaths and several times that in casualties, it will not move us to see any dreadful threat to our culture, much less anything more serious.

As most people know the magnetic poles are moving and may reverse as they have many times in the past. With the earth’s core so active we cannot preclude far more drastic subsurface activity in the next 10,000 to 100,000 years and the continual reforming of  the arrangement of the continents for millions of years beyond that. The effects will be like today but stretched out in time.
Winds

Winds, primarily in the form of hurricanes, tornadoes, etc., will probably increase in their number and severity from greenhouse warming. The typhoons in South China recently encountered information technology and communication. The government was able to evacuate 643,000 people from a flood zone. They sent in 3,000 police beforehand to effect the evacuation. They sent a text message to six million cell phones in the region.(10)

The wind driven disasters are not going to stop. Greenhouse warming may influence their frequency and severity, but they fundamentally remain small, local, if not regional disasters. There are no dreadful wind threats to a land-based nation, its culture or civilization, nor any to the globe.

Pandemics

Pandemics are epidemics that have spread and intensified in an area or the region affected, which can be worldwide. There are six kinds of pandemics to consider. Natural ones are among animals, people or plants and the second three—induced  by an enemy or terrorist activity or by an insane crank—could  possibly be induced in animals, people and plants. The striking situation, in the past year, of following the bird flu as it moved across China to the eastern edge of Europe, reveals two important considerations. First, the flu, being transmittable from birds to people, is still a relatively low probability event with little or no significant risk to people now. All of the people who died from the bird flu had physically handled birds. Second, for the disease to be a significant risk to humankind, it must mutate into a form that can be transmitted from person to person as the common cold is. That could be the germ of a global catastrophe. The story, so far, shows how rare that kind of mutation is. But by no means is there any reason to be complacent about it. Billions upon billions of birds must have viruses with a mutation rate that makes the change to person-to-person contagion likely.

 In terms of people, there is always the problem of natural diseases. Some of them can have quite severe effects on the total population and on the economy as we are seeing with the AIDS in Black Africa. This may seriously upset the economies in a half dozen countries and lead to massive new social problems On the other hand, it is giving greater opportunities to women by creating a labor shortage and increasing wages. But on net, no one can claim that it is a benefit to Black Africa. It is rather that all of the travail and loss that it has cost does have consequences that are, in many regards, positive. In the advanced nations AIDS will settle down to being a significant disease but not one causing serious disruption or threats to the general society. In contrast it could in China,00 India, Pakistan, Indonesia as well as Bangladesh become pandemic as it is in Black Africa since those governments have been reluctant to acknowledge the problem and to implement broadscale public health measures. No threat to culture or civilization from AIDS is plausible.

 Could diseases in animals be converted in a laboratory into ones transmissible among people? The answer is yes, but it is very unlikely that one could accomplish this easily and if one did have an organism that would transmit from animal to people, and then people to people, it would only be significant if that animal was widely distributed in the target area. So birds would be ideal and rats might be significant. There are few other animals around to transmit to people unless we consider pets and insects. We have pretty good protection against insects and, in a crisis, we would be ready to use somewhat more dangerous materials like DDT to fight a contaminated invasion until we developed other remedies. The serious limitation on self-propagating diseases generated for terrorists’ purposes is that it could be self-defeating because if it is effectively self-propagating, it will eventually bounce back to the attacking country and, presumably, have similar effects there as it has in the target country. 

Early detection of disease spread is fairly straightforward in terms of modern epidemiology in most parts of the world. The most dramatic effects, aside from deaths, would be in the preventive measure to reduce the propagation of the disease from spreading by extremely severe reduction in travel for both people and cargoes, domestically and internationally. This may extend for quite a time until a preventive measure or vaccine is developed, tested and proven. Even assuming that an enemy initiated an attack, there would be the problem of where and what would happen as we learned about the attack. Would it become self-limiting? Suppose they managed a release in ten cities. Those ten largest cities, perhaps, represent 10% of the population and we could take internal measures, as suggested above, to contain it in those cities. Pandemics are a credible catastrophic situation slowing and disrupting the economy and society but not threatening nationhood in the advanced nations. A high death-rate pandemic is likely to create a greater setback in Worlds 2 and 3.The Black Death in Europe 1347 to 1352 killed an estimated third of the population,25 million people. The Spanish Flu in 1918 killed 20 to 50 million people and infected a billion. The latter had no lasting effects comprising a threat to stability.

Numerous viruses spontaneously or induced in a laboratory could be modified to create a catastrophic epidemic. Ebola has a death rate in the high 90s percent.

Catastrophic pandemics among plants have happened in historic times and are particularly likely to happen in the advanced societies where mono-culture cropping is dominant. Instead of using a variety of seed, we use a single specific seed, usually because it has a high yield. If a microorganism, e.g., a fungus, mutates to attack that plant variety, it could cover tens of thousands of square miles rapidly. It is unlikely that we will be willing as a society, nationally or globally, to give up mono-culture cropping. The methods of containment and large stocks of alternative seed varieties for the subsequent years is our essential safeguard method long term. 

Bananas are the fifth most important food crop in the world. The variety in our markets for decades is now under fungus attack, and is being replaced in commerce with a new variety.. Next time you buy bananas inspect one carefully, peel, see, feel and taste the difference in the replacement variety.

 Crops, of course, can also fail from weather changes which are, as noted, likely to occur from greenhouse warming.  A specific minor example of this is the current disorder in the maple sugar yields in New England. The beginning of the flow requires a cold period at the right time that did not happen this winter.

Terrorism-induced crop failure would not amount to much unless the terrorists developed a self-propagating organism very much imitating a natural attack. That would hold the risk for the perpetrators of it backfiring on them and any countries aligned to them. 

On the consequence of these kinds of losses, either natural or induced, it is unlikely that in an advanced nation, there will be a nationally threatening effect. 

A useful introduction to chemical and biological warfare is that by E. Croddy. (11) Incidentally, there are no catastrophic potentials in terms of our dreadful outcomes, from chemicals.

Historic Big Wipe Outs

Two hundred fifty-one million years ago, there was the most extensive wipe out of life on Earth ever, killing almost all species on land and in the sea. Better known to the public is the less extensive wipe out, 65 million years ago. The first of these global catastrophes, the Siberian trap eruptions, was due to basaltic flows all over what is now Siberia. with  atmospheric changes from various emissions which, in turn, led to acid rain, increased continental weathering, fungal proliferation, global warming, disassociation of gas hydrates, ocean stagnation from marine anoxia followed by mass marine extinctions, global cooling, glaciations that led to mass terrestrial extinction. 

These events are difficult to forecast and even difficult to determine whether there is some extremely long cycle related to them. We do know that changes occur deep in the earth. For example, we seem to be today, in the opinion of some people in the field, moving toward a shift in the magnetic poles, which suggest that there is some substantial activity down there which we have not learned to tap into and interpret.

Solar and Celestial Events

As already mentioned, the sun will burn out and expand and consume the Earth in its red giant phase, 4-5 billion years from now. Solar flares occur frequently and they do upset electrical systems. There is a substantial mass of ejecta accompanying them. There is nothing to suggest that these present a serious threat, although they will be a substantial commercial, governmental and personal inconvenience.

Gamma ray bursts from another star could present most serious problems for the Earth. The risk comes about from a variety of supernova. They were first discussed in the 1960s. In ten years, 2700 such bursts have been identified, many involving bursts from stars a hundred times brighter than any other type of supernova. The risks from the gamma ray outbursts are direct death from the rays themselves. Keep in mind that gamma rays are in the spectrum as even more short wave than x-rays.

Astronomers are beginning to learn a lot about, and create theories to explain, what goes on in those special star bursts. They are beginning to recognize that there are premonitory events to the gamma ray bursts. That may be the clue to timely warning for people who can see the location of the star, to seek subterranean shelter during the night when they are in the path of the incoming gamma rays.
Asteroid hits are not a risk, they are an inevitability. Their size is the absolutely crucial factor in the damage they do. One need only look at the surface of the Moon through a telescope or on a photograph in order to get a sense of the scope and size of asteroid damage. The sixty-five million years ago mass wipe out of earth’s life was caused by a hit in the area of Yucatan, creating a hundred mile wide crater. (12) 

 It is also possible we could be hit by a comet. A further factor increasing the likelihood of an asteroid or other celestial body hit in the very long-term—about three billion years in the future—is the collision between our galaxy and the Andromeda spiral galaxy. Incidentally, there are 100 billion stars in our quite ordinary galaxy.  As gravity draws the two galaxies together and they interpenetrate, all kinds of events will occur from the new pattern of gravitational forces, disturbing orbits and bringing new smaller bodies into potential collision. Interpenetration will be dangerous to some stellar systems in those colliding galaxies. A planetoid passing the Earth, not hitting it, might be extremely disruptive just from its gravitational pull. 

The most likely hit from a modest sized asteroid does not leave us without recourse. There is active research now on how to influence and what to do when we are faced with an impending asteroid hit. Keep in mind that because of the astronomical distances, paths can be extremely closely calculated while the asteroid is still far away in time and space. We could send up spacecraft to intersect and act on the threatening asteroid. One concept being developed is the gravity tractor, a large machine that would not land on the asteroid, but would create a gravity situation in which the asteroid would slowly move to a slightly different track, enough of a move to take a path avoiding the earth.

Nuclear Weapons

There is no doubt that nuclear energy, through nuclear bombs, presents a real and continuing threat to humankind. The dozen or fewer countries that have some nuclear weapons have no capability to inflict significant damage on a global scale and would incur tremendously violent international interventions to punish and to disarm them. The few countries that have large stocks—the US, Russia and, in the future, it is not clear who else—are extremely unlikely to release anything amounting to an all out attack on anyone. 
One of the consequences of pitching large amounts of debris into the atmosphere could be to create a so-called nuclear winter. It could take several years and, hence, several growing seasons for enough of that debris0 to clear the upper atmosphere and allow the sunlight and the warming effects of the sun to bring us back to equilibrium. That is a continuing risk and it will only be the development of a global government, hopefully, sometime in the next hundred years,  that will get that risk under control. 

The opportunity for setting off a nuclear device, a dirty bomb, in a city is real. It appears to be a practical matter to acquire, illegally, nuclear material or a device, particularly some of those that may have been smuggled out of Russia during the breakup of the USSR. Again, suppose the device went off in one of our largest cities—New York, Chicago, Philadelphia, Los Angeles—it could kill as many as several million people, an event of 6 or 7 on my scale. It would probably injure more and create chronic disorders and shortening of life for millions of others. But that would be it. There would be no substantial effects leading to loss of civilization in the nation or the world from that kind of event. The political responses is difficult to anticipate and a distraction to conjecture about here.

Cascading Risks
While the risks discussed above are dreadful, the possibilities become worse if two risks occur simultaneously, or more likely, in an overlapping sequence. Some examples are :
· Nuclear winter from war, or a super volcano, would lead to famine, and the famine in turn would facilitate a pandemic;

· Widespread crop failure, whether natural or induced, would lead to food shortages and war among neighbors, possibly even nuclear warfare, to achieve food supply;
· A tsunami caused by a significantly sized asteroid hit could cripple and even wipe out coastal areas around the Pacific or the Atlantic, and thereby cripple government, leading local power, the only power, to control countries;
· A substantial sub-sea landslide could upset methane hydrate deposits and significantly aggravate greenhouse warming. The landslide might be the result of an earthquake or subsurface volcanism;
· A near-by star explodes into a new variety of Nova; the gamma rays knock out crops, leading to global famine and worldwide physical struggle and combat to acquire food.
New and Emerging Global Risks
High Energy Physics
At the development of the A bomb in World War II, a question came up as to whether it might ignite the oceans. The director of the lab assigned a young physicist to look at that and he came up with the confidence-inspiring response, no. We may still face that issue in a different form now in high energy physics, which is the leading edge of advanced physics today in the US and Europe. Most of the work involves colliders, which sets the-particles under study to extremely high velocity and bangs them into each other or into a different type of target. The one calculation done on whether such collider could trigger the Earth’s destruction, said the likelihood was ten to the minus twelfth per year,  that is, one chance in a trillion. Let us hope he has not slipped the exponent.(13)

Synthetic Biology

The modeling of cell parts to define the minimum requirement for a living cell and to provide the basis for a new understanding of the operations of the cell may lead to living forms unknown in nature and may possibly be able to do anything one could imagine or fear. Both the accomplishments and the risk are too speculative now to evaluate,
Artificial Intelligence and Robotics

Kurzweil has written extensively about the impending ability in artificial intelligence to transmit our brain content to a robot and have it work and function in that unprecedented container. (14)  It would be rash and closed minded to say that that could never happen, but Kurzweil sees it to be more or less right around the corner. The central issues will be what will it be like to have robots that may only be the permanent housing of the human brain or may be intimately linked to a human brain or have a form of intelligence not physically linked to or derivative of a human mind. What will happen when it gets ideas of its own? There is no reason to believe that artificial intelligence robots will be any more ethical, moral or public serving than people are. Ninety-nine out of 100 impeccables often only make it easy for one bad guy.

Gene Hacking
Gene hacking will become increasingly sophisticated and as the manipulation of genes moves down into college courses and into high school courses, we will find more and more people with the capability to hack genes. That hacking will inevitably lead to some mischievous outcomes as well as potentially beneficial outcomes other than mere school training. Monitoring gene hacking will be one of a number of monitoring activities to stay aware of what is happening with several of the risks discussed in this paper.
Space Aliens

I only note space aliens because otherwise the reader will puzzle over why they were not mentioned. The likelihood of space aliens arriving here is roughly the same as our planet outliving the red giant, since beings from any alien planet would face the same problems we face in going to them. When one looks at the distances that have to be traveled to go from one stellar system to another, much less one galaxy to another, and when one considers the question of how much time it takes just to explore one small segment of our galaxy, visitors become an unrealistic expectation. If there are other intelligent beings in space, as I believe there are, I see the likelihood of them visiting us as ten to the minus a large number. There is no reason to believe, however, that we cannot communicate, albeit slowly. Let us continue that search through SETI (Search for Extraterrestrial Intelligence).
Carbon Dioxide Sequestration
Currently it is widely recognized that the use of fossil fuels will continue for the indefinite future, even if we reduce their consumption. That still leaves us with the question of what to do with that carbon dioxide. One currently popular concept is to pump the carbon dioxide into subterranean shelters, such as abandoned mines, and just leave it there. In the short run, this is technically feasible and may in fact be practical, and used. The rub is, with the passage of decades, is there anything that could release that carbon dioxide into the atmosphere, causing enormous numbers of deaths by asphyxiation? Carbon dioxide is odorless and invisible. It is difficult to see this as a risk that would affect a civilization’s survival, but some monitoring must be done if increasing amounts of carbon dioxide are sequestered over a long period of time in subterranean sites.

Conclusions

There are few situations, natural or manmade, that provide realistic, plausible risks to the survival of civilization, or humankind.

The five most  likely candidates in the short run—the next hundred years—are greenhouse warming, nuclear winter, a super earthquake, a super volcano, or gamma ray exposure..

Other developments that carry great threats are pandemics, famine, and asteroid hits. Pandemics such as the Black Death or the 1918 flu could occur, but the excellent international and American epidemiological monitoring would most likely catch one in its early stages allowing enough time to develop environmental measures or vaccines to cope with it.

Famines are familiar and have very high casualty rates, but to be a threat to civilization or humankind, the most likely circumstance would be a nuclear winter from the use of nuclear weapons, or a super volcano.

Most of the natural or manmade disasters we are familiar with and know about are at severity levels 1-4 on my scale, or fewer than 10,000 deaths. The disaster on 9/11 was a 4. 
Exhibit 3 summarizes the dreadful threats and their outcomes. Virtually every one of them is a deadly threat to cultures, whereas several threaten civilization, and a handful threaten humankind. A number of the threats, such as greenhouse warming, depending on their scope and intensity, vary in the severity of their threat.
Recommendations

The scope, unfamiliarity, knowledge base needed, and potentially required measures to identify, monitor, prepare for, and recover from these threats are so complex that it calls for a Blue Ribbon Panel and substantial support staff to prepare a comprehensive analysis. The two best candidates for that task are a Congressional-Presidential Blue Ribbon Commission, or a task for the National Academies.
EXHIBIT 3: DREADFUL THREATS
	
	Putative Threat
	Scale*
	Outcomes:

Elimination of: **

	
	
	
	Culture

	Civil-ization
	Human-**kind
	The Earth

	1
	Greenhouse warming ***
	7-10
	Y
	Y
	Y
	Y

	2
	Nuclear winter
	7-9
	Y
	?
	N
	

	3
	Super earthquake
	7-9
	Y
	?
	N
	

	4
	Super volcano
	7-9
	Y
	?
	N
	

	5
	Celestrial gamma rays
	7-10
	Y
	?
	N
	

	6
	Asteroid hit ****
	6-10
	Y
	?
	?
	?

	7
	Famine
	8-10
	Y
	N
	N
	

	8
	Pandemics (plants)

    -Natural

    -Induced
	8

8
	Y
	?
	N
	

	9
	Pandemics (animals)

   -Natural

   -Induced
	?

?
	Y
	N
	N
	

	10
	Pandemics (people)

    -Natural

    -Induced
	8-9

8-9
	Y
	N
	N
	

	11
	Floods, tsunamis *****
	5-8
	Y
	?
	N
	

	12
	Landslides
	4
	?
	N
	N
	

	13
	Siberian trap
	9-`10
	Y
	Y
	N
	

	14
	Planetoid hit
	10
	Y
	Y
	Y
	Y

	15
	Sun becomes red giant
	
	
	
	
	Y

	
	More Speculative

	16
	Synthetic biology
	?
	N
	N
	N
	

	17
	Artificial intelligence/
Robotics
	?
	N
	N
	N
	

	18
	Gene hacking
	?
	N
	N
	N
	

	19
	CO2  sequestration
	?
	N
	N
	N
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Key:  * Scale:  1=up to 10 deaths; 2=up to 100 deaths; 3=up to 1000 deaths; 



  4=up to 10,000 deaths; 5=up to 100,000; 6=up to 1 million; 

                          7=up to 10 million; 8=up to 100 million; 9=up to a billion;



  10=up to 10 billion.

         ** Y=yes;  N=no;  ?=uncertain.

       *** The extent and the consequences of greenhouse warming depend on

               how long we allow CO  to increase in the atmosphere and whether

                we hit an irreversible step function.

     ****  Consequences depend on size and the point of impact.

   ***** Floods are no major problem but massive tsunamis, as resulting from an 

              asteroid hit in the Atlantic or Pacific Oceans could create truly devastating

              flooding of coastal zones quite far inland.
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