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1. Introduction
Ever since Galileo discovered moons orbiting around Jupiter, scientists started to question the agreed wisdom of the ancients; that the Earth was the centre of the universe.  It soon became apparent that Earth orbited the Sun just as our Moon orbited the Earth. By the time Herschel, Couch Adams and Tombaugh had increased the known number of planets to nine (now eight), thoughts were venturing out beyond the limits of our own solar system. Since the first exoplanet orbiting around 51 Pegasi, over three hundred more have been found.[1] Are any of these planets similar to Earth? If they are then it offers an incredibly pertinent and perhaps most fundamental question in the human imagination, “are we alone in the Universe?”
2. Drake Equation

So what is the likelihood of similar beings to us on other worlds? Frank Drake, one of the pioneers in the Search For Extra-Terrestrial Intelligence (SETI), was the first person to attempt to get a real feel for the numbers involved. In 1960 he put forward the now famous Drake equation,[2]
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where

R∗ = number of stars formed in our galaxy per year
fp = fraction of those stars that have planets

ne = number of planets capable of supporting life

fℓ = fraction of these planets that actually go on to develop life

fi = fraction of that life that develops intelligence
fc = fraction of intelligent civilisations capable of interstellar communication
L = length of time (in years) these civilizations release detectable signals into space.[2]
We have a good idea of some of these values but others are based on pure speculation. For example, by dividing the age of the galaxy by the number of constituent stars we derive R* ~ 1. However, we are our only benchmark for intelligence, making it harder to pin down the latter terms. Drake estimated N ~ 106, however, as we shall see this may be an over-generous calculation. [3] On the other hand, if correct it has dramatic implications. There could be a million intelligent civilisations populating our Galaxy, many of which could be trying to communicate with us.

3. Where is everybody?
3.1 Nucleosynthesis

We know that elements heavier than Hydrogen and Helium are synthesised in the cores of stars. According to Livio planetary formation peaked as early as 7 billion years ago. [4] Let’s assume, for now, that there is nothing special about the rate of development of intelligence on Earth. Earth is 4.7 billion years old, so it is entirely conceivable that there are intelligent, carbon based, lifeforms in our Galaxy over 2 billion years in advance of our own. 

3.2 Fermi Paradox

Herein lays the problem. Drake’s estimate suggests that in our Galaxy there could be a million intelligent civilisations, some of which could be 2x109 of years ahead of us. If this is true, why haven’t we heard from them, or at the very least detected their existence? This long standing question is the Fermi Paradox, named after the 20th Century polymath who simply asked, “Where is Everybody?”[5]
What follows is a discussion of possible solutions to the Fermi Paradox through a critical analysis of Fermi’s assumptions and a re-evaluation of The Drake Equation. In setting out my arguments I have adhered to three principles. First, Clark’s so called Principle of Uniformity in Nature [6], in which the laws of physics are commonplace across the Universe, applying in all situations not an unreasonable assumption as astrophysicists have confirmed Einstein’s General Relativity to an accuracy of 0.05% using pulsars. [7] The second is my own Principle of Avoiding Second Guessing Aliens, more scientifically put, avoiding arguments involving anthropocentrism. It is scientifically shaky ground to start making assertions about what E.T.’s motives may be. Lastly, The Principle of Mediocrity, the assumptions that there is nothing special about our development, in short, we are average. [8]
4. Meeting The Family
If the galaxy is well populated why haven’t we physically seen our galactic cousins? UFO stories, Roswell conspiracies and theories of inter-galactic pyramid builders aside, there is no scientific evidence that we have ever been visited by an alien civilisation. The reason why could lie in just how vast space is. Our nearest star system Alpha Centauri, 4.3 light years away, at the speed of Voyager it would take 80,000 years to reach.[9] Nothing humanity has ever built has lasted that long and as we shall see there are other inherent difficulties.
However, one of Fermi’s assumptions in postulating his paradox was that interstellar travel was not impossible. [10] It is obviously beyond our current technology but what about a civilisation two billion years further advanced? Drake suggests “Let us discard all limitations of present technology, but not the limitations imposed by known physical law.”[11] In other words let’s look at what a far advanced civilisation could achieve whilst obeying the laws of physics. For example, you could reach Alpha Centauri in 10 years if you were travelling at speeds of 0.7c. [12] 
4.1 Why high speeds are necessary
Obviously high speeds are desirable because you want to get somewhere as fast as possible, however, that does not mean high speeds are necessary. It has been suggested that galactic colonisation by robotic probes could take 5-50 million years, not long on a galactic timescale.[13] These so called Bracewell-Von Neumann probes would be a form of artificial intelligence, which would replicate themselves using material mined from other solar systems and their asteroids.[14] They would then send back information about the system via electromagnetic waves. The replication process would, after just 38 generations, produce 275 billion such probes, more stars than there are in the Milky Way.[15] This re-enforces the Fermi Paradox. 

However, a number of problems have been suggested. Every replication process would be subject to mutations in the same way as cellular replication. For example, a cosmic ray may alter a line of replication code. This would lead to the evolution of the probes. There would be no way of predicting these random mutations and they could have harmful effects. Webb suggests “self-replicating probes will inevitably evolve, and so berserker-type devices might develop”. [16] The option of being destroyed by your own probes is deemed too risky by Sagan [17], and this is particularly so considering the alternatives discussed below. 
It is also very difficult for living beings to survive a 5-50 million year mission. Many ways have been suggested including generation ships and cryogenic freezing, however, social, political and psychological problems would affect such a mission [18]. If you discount slow travel either with man or machine, there are three main ways of theoretically attaining speeds of considerable fractions of the speed of light. 

4.2 Nuclear Fusion Ships

The first is to head for the stars using their own principle of power generation; nuclear fusion creates 10 million times more energy per kilogram than chemical rocket fuel.[19] Fusing deuterium and tritium produces plasma directable by magnetic fields through an ‘exhaust nozzle’. However, there’s a practical problem in that deuterium and tritium, both being isotopes of hydrogen, have neutrons that don’t experience force in a magnetic field. This leaves an enormous amount of high energy neutrons, needing a sizeable heat shield to protect the payload. You could use Helium-3 but this is very rare on Earth and so would need to be mined from The Moon. [20] The abundance of fuel is also a problem; Parker says you would need 5x105 tons of fuel for every kilogram travelling to Alpha Centauri, severely lowering the efficiency of the mission. [21] You would also need a reactor capable of containing fusion temperatures of 108 K.
4.3  Anti-Matter Ships

By Einstein’s famous E=mc2 you can, theoretically, convert mass into pure energy. The annihilation of matter with anti-matter creates 200 times more energy than fusion, with 1kg of fuel able to power the humanity’s current energy requirements for 26 minutes. [22] However, anti-matter is a rarity in the Universe. If you annihilated all the antimatter ever made at CERN it would power one electric light bulb for only a few minutes [23]. Even if we could get our hands on a significant amount of anti-matter how would it be contained? Containers would be made of matter so you’d need to stop the anti-matter annihilating you and your ship. This might be done with magnetic fields but the power needed would be significant.
4.4  Solar Sails

The fusion and anti-matter approaches both suffer the major problems of needing to launch and store enormous amounts of fuel, even for a journey to our nearest neighbours. This is why the Solar Sail idea is becoming increasingly popular, leading to winning a NASA prize for the most feasible interstellar travel idea. [24] The sails use photon pressure to impart momentum to a craft. Estimates suggest that such photon pressure alone could enable speeds of 0.3c after 10 years. [25] For it to be viable there would have to be a station in solar orbit transmitting a laser beam aimed at the sail. This causes a number of problems; the laser would have to be projected millions of kilometres into space requiring huge initial intensity, beyond foreseeable technology, to compensate for over-dispersion. More than one laser could be implemented but in reality you would need thousands. Even if successful you do not have the ability to slow down at your destination.

4.5  Is interstellar travel worthwhile?

Interstellar travel isn’t an easy process. The laws of physics allow possibilities but it requires literally astronomical amounts of energy to be productive. There are other logistical problems: collision with particles in the interstellar medium at 0.7c would have the same effect on your ship as a miniature atomic bomb! [26] A pioneer of SETI is in accord; Philip Morrison says “transport of material structures over galactic distances… is probably beyond all accomplishment.”[27] Even if it is possible but incredibly difficult why struggle when nature provides her own interstellar traveller? The humble photon travels faster than any craft we could ever build. After all you wouldn’t go to the effort of travelling to Australia to visit your Aunt to find no-one’s home; surely you’d call first…
5. Interstellar Phone Calls

A call from another civilisation would not only be an historic occasion but an emphatic destruction of the Fermi Paradox. So if ET is trying to make the call are we doing all the right things to listen? 
5.1 Bandwidth

Bandwidth is the frequency width of the signal. There is a theoretical lower bandwidth limit, stemming from the Uncertainty Principle.
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The smaller the bandwidth frequency the smaller energy you can use. Less energy means fewer photons to modulate, meaning less information encoded in your message. A bandwidth of 1Hz is equivalent to transmitting data at a rate of 1 bit per second, so bandwidths less than this are effectively useless.[28] All you then have to do is scan the entire sky for signals across the whole EM spectrum at 1Hz intervals. Oliver assumes 1010 channels over the EM spectrum, receiving the signal for a second a day and the telescope array having 1011 resolvable directions. Such a search would take approximately 300 million times the age of the known universe, a very long time for E.T. to wait on the other end of the line. [29]
5.2 Radio quiet and ‘The Waterhole’

Luckily, nature helps us narrow down where to look. At frequencies lower than about 1GHz any artificial signal would be drowned out by the noise of natural cosmic phenomena such as pulsars and radio galaxies; it would be like trying to take a photo of the stars during the daytime. [30] At frequencies greater than 30GHz the radiation from the Cosmic Microwave Background, the echo of the Big Bang, shouts louder than any artificial signal would. [31] Couple this with the fact that water vapour in Earth’s atmosphere prevents ground observations at around 20GHz; a smaller window begins to appear.[32] However, there still remains a problem. Listening to only the nearest 1000 most suitable stars, at 1Hz bandwidth, in the window between 1-10GHz, would mean searching through a 1015 channels. 

In an attempt to gain some headway researchers have selected a sliver of this window that they lovingly call the ‘waterhole’. [33] The most abundant source of radio emission in the Universe, Neutral Hydrogen, gives out very distinctive radiation with frequency 1.420GHz, stemming from a spin flip transition when the spin of the orbiting electron interacts with the spin of the nucleus (a proton). Second only in strength to this line is the spectrum of hydroxyl compounds, OH, emitting at frequencies of 1.662GHz. OH and H together represent water (see Fig. 1.) The theory goes that intelligent civilisations, almost certainly based on water, would choose to send their message in that gap. Drake says “Let us meet, as difference species have always met, at the waterhole!” [34] 
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Fig 1. A graph showing the waterhole in the Terrestrial Microwave Window. [35]
This reduces the problem but astronomers still have the unenviable task of searching the nearest 1000 stars over 242 billion channels. Unsurprisingly, they have not found any artificial signals yet. Our decision of where to look is based on guesswork and in violation of my anti-anthropocentric approach to the Fermi Paradox. The other factor is time; we have not managed to complete a search of the ‘waterhole’ in 30 years let alone other frequencies or stars further than our closest stellar neighbours. Heinmann suggest it’s analogous to “casting their nets a few times into a vast ocean of interstellar signals, searching for a minute bottle that may, perhaps, contain a tiny piece of paper.”[36] It is indeed the hunt for the smallest needle in the most gigantic of haystacks. That said if life truly is as abundant as the Drake Equation suggests then surely it wouldn’t be such a small needle and we’d have found some clues by now? Maybe it’s time to re-evaluate some of the terms…

6. Dance of The Planets
6.1 A Note on fp 
In the Drake Equation fp is the number of stars that have planets, however, I will absorb this term into discussions on and subsequent value of ne below. In other words ne is now the ratio of habitable planets in the Milky Way to number of stars in the galaxy.
6.2 How special is the Earth? 

The next term, ne asks how many of those planets are capable of supporting life. As far as we know Earth is the only planet in our Solar System capable of supporting life, so it is fair to assume life needs an Earth like planet to thrive. So what makes Earth so well suited for bearing life?

6.2.1 Stability of Stars
Life on Earth took 4.7 billion years to reach the point of intelligence. A very important factor in this process has been the relative stability of our Sun. However, not all stars last as long as the Sun. Four of the seven different spectral classes of stars are too hot and burn out too quickly too support life. O, B, A and F stars all have a lifetime of less than 4x109 years. [37] So already that leaves us with only G, K and M stars to play with.

6.2.2 Habitable Zones

It is safe to assume that water is an indispensable ingredient in the formation of life. All cells need a solution of water in order to function, life needs liquid water. This fact leads to the notion of a habitable zone, the distance range from a star where H20 is neither gaseous nor frozen.

As the intensity of the Sun’s radiation falls inverse squarely, an initial guess for our habitable zone is 0.50.5-20.5 AU (the Earth being at a distance of 1 astronomical unit (AU) by definition). However, stellar surface temperatures differ for different spectral classes. The habitable zone for K and M class stars lies within the tidal lock limit, meaning that any planet that exists there would always present the same side to its host star. This would cause extreme temperature differences between each side of the planet, like Mercury, an environment too hostile for life to evolve (see Fig 2). [38] 
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Fig 2. Graph illustrating the changing habitable zones for different spectral classes. Note how Mercury lies within the Tidal lock radius. [39]
In addition, stars increase their luminosity over their lifetime. Fusion decreases the number of particles in the core of the star causing the pressure to drop. This pressure was balancing gravity, which now contracts the core, increasing the temperature and the rate of fusion. For a planet to develop intelligent life it needs to reside in the Continuously Habitable Zone (CHZ), where liquid water exists for the majority of the star’s life. Ulmschneider initially suggests 0.7-1.13 AU although he goes on to revise the value. At less than 0.97AU a runaway Greenhouse Effect occurs, as on Venus, leading to a CHZ of 0.97-1.13 AU. [40]
6.3 Putting a figure on it
With this in mind we can obtain a reasonable value for ne. Calculations of the mass of the galaxy suggest it contains ~ 1.6 x 1011 stars. [41] Of those stars only 60% are metal rich, Population I, G class stars like our Sun. [42] Next we can discount the 70% of those that are binary systems as the tidal effects are likely to tear habitable planets apart. [43] Hughes’s simulations of planetary formation suggest 4 planets can form inside the zone where temperatures are above 0°C. [44] From our study of exo-planets and Hughes’s simulations it is found that gas giant planets such as Jupiter tend to migrate inwards towards their star, destroying the formation of terrestrial planets. [45] It is suggested that only 6% of systems have stable orbit Jovian sized planets like our own.[46] All this information together with our values for the CHZ, gives the number of Earth like planets in the Milky Way as ~ 2.1 x 107 or ne ~ 10-4. 
7. Rarity is The Dice of Life
Now let’s discuss a value for fl
7.1 DNA

All the life we know is based on DNA, a chemical which biologist A.G Cairns-Smith has estimated takes 140 separate steps to form from base elements. [47] He ascribed a generous probability to each step of 1/6 thus comparing each process to rolling a six on a die. It follows that the probability of DNA forming completely spontaneously is (1/6)140 or 10-109, making one molecule of DNA for every 10109 chemical reactions, more than Clark calculates there have been in the history of the Universe![48] Obviously something is wrong here, as we are quite obviously in existence. Cairn-Smith’s figures can’t be right, yet they illustrate the notion that life may be difficult to form. This is backed up by the fact that biologists believe life on Earth started just once, with everything thing that is living, or has ever lived, stemming from that.
7.2 Complexity Theory

However, there exists a school of thought that suggests life might not be so hard to form after all. Complexity theory purports that given enough time molecules will form into complex collections. A complex system is defined as lying between order and chaos, between being completely able to predict behaviour of individual parts and not being able to predict any of their behaviour. For example, Pagels suggests a gas molecule is chaotic [49] and Shapiro suggests that the orbits of the planets are ordered.[50] 
A famous example of such a complex system, The Sand Pile Model, was formulated by Danish theorist Per Bak. [51] In a computer model, sand was poured onto a level table at a steady rate and the rate that sand subsequently spilt off the table was recorded. There followed a series of peaks and troughs in flow as the pile built up but then became too big for the resistance of the grains to resist collapse. Computer models of the situation revealed the process followed a simple power law. Complexity theory has been so successful in modelling earthquakes, hurricanes and even economic markets that some have tried to use it to model the formation of life. [52] Renowned evolutionist Stephan Jay Gould suggests “enough cosmic elements slop together for enough eons; eventually a molecule will form from somewhere.”[53] An idea supported by Kauffman who states “Life is a natural property of complex chemical systems… when the number of different molecules in a chemical soup passes a certain threshold; a self sustaining network of reactions will appear.”[54]
Complexity theory has had its critics, however. Fred Hoyle was sharply against the idea and went as far as saying “If there were some deep principle that drove organic systems towards living systems, the principle should be demonstrable in half a morning”.[55] Waldrop has counter-argued however, that to replicate such a process in laboratory setting you would be required to “look at millions of possible compounds in all conceivable combinations under a wide range of temperatures and pressures.”[56] It is precisely the nature of the stability of G-class stars over billion of years that allow these combinations to be played out.
7.3 A Titanic Atmosphere

A recent paper entitled ‘Discovery of heavy negative ions in Titan's ionosphere’ published in Geophysical Research Letters supports this idea further.[57] Researchers studying data from Cassini’s electron spectrometer have detected heavy negative ions, up to 104 times heavier than hydrogen, in the ionosphere of Saturn’s moon Titan. If carbon builds up on these ions then they will form polycyclic aromatic hydrocarbons, molecules biologist believe are the building blocks of life. The results came as a surprise because Titan’s atmosphere is oxygen deficient. The implications of this finding are, that given enough time the building blocks of life will form, even in unearthly conditions. We can justifiably assume it is only Earthly conditions that have the right combinations of temperatures and pressures to create, from the blocks, the self sustaining network of reactions, going from Titan’s complex compounds to Earth’s biosphere.
It is from these arguments that I conclude that on all planets where life can form it will, even if only in its most basic of forms, yielding a value of fl of 1.

8. Intelligence and Science
8.1 The Fluke of Intelligence

The theory of evolution relies on contingency; every step is contingent upon the last. This means that the same thing isn’t guaranteed to occur twice, including intelligence.
65 million years ago an asteroid hit the Yucatan Peninsula in Mexico wiping out the dinosaurs. [58] They perished because they didn’t adapt quickly enough to big changes in environment. Mammals could because they had womb based, short pregnancies. Wombs allowed foetal conditions to be kept more constant than the changeable external conditions. This is thought to have been a major factor in the development of the neocortex, a part of the brain attributed to intelligence. [59]
Then, jumping forward through mammalian evolution, we reach a turning point. An upwelling of magma caused a giant fracture in the African Rift Valley.[60] Major parts of the region were uplifted, altering rain patterns. This led to the eradication of almost all of the forest on the Eastern side of the Rift. The human ancestors that adapted quickest survived by natural selection. Standing upright meant that they could see danger from further away and also freed their hands. Used to fighting with their mouths, they could now fight with their hands, freeing up the mouth. Eventually these heavily contingent events led to language, a function Clark suggests “has been strongly implicated in the development of intelligence, because it inherently teaches an individual to plan ahead.”[61]
However, evolution itself does not plan ahead, it is a reactionary system. Therefore intelligence isn’t the predestined pinnacle of evolution. The dinosaurs were the dominant species on Earth for 150 million years but they didn’t develop intelligence. Nobel laureate Monod agrees, “The initial elementary elements which open the way to evolution… are totally unrelated to whatever may be their effects upon teleonomic functioning.”[62] Pilbeam also suggests that “the process of becoming human involved numerous individual steps… all of which must be rather unlikely and certainly not inevitable events.” [63] Each adaptation is a serendipitous event; intelligence was unlikely, the by product of these series of fortunate accidents. 
However, there is evidence that certain features can develop multiple times completely independently like the eye. Biologists know the eye has developed on forty separate occasions. [64] A fly’s compound eye is very different from our own, but it is still an eye. With this in mind is it possible that intelligence could have occurred independently elsewhere in our Galaxy? The same events in the serendipitous string would not have to occur on the planet in question but a string of similar length to Earth’s surely has to be envisaged. Considering that intelligence developed just once in Earth’s 4.7 billion year history, I assert intelligence cannot be common. However, fi is the hardest term to pin down in the Drake Equation because our assumptions are based on a sample size of one. Whilst we are beginning to have a better understanding of life through our study of DNA, we are not at a comparable level in our understanding of intelligence. Therefore, the only reasonable argument is that intelligence is the product of a series of factors each with a finite probability of less than one. The more factors involved the further away from unity the probability becomes. There seem to be a similar number of factors involved in the development of intelligence as there are in the number of Earth like planets in the Milky Way. It is for this reason that I will use fi ~ ne = 10-4. As these assertions are hugely speculative, as they have to be until we have a better understanding of intelligence, I understand if the reader wishes to revise this figure. However, it is worth stressing, as Brandon Carter concurs, that “intelligence is rare”. [65]
8.2 The Inevitability of Science
The term fc asks how many of the above intelligent civilisations will go on to be able to communicate. SETI pioneer Carl Sagan defines the prime characteristic of intelligence as “its tendency to control and acquire information about its environment and to extrapolate into the future from such information”. [66] Such a tendency is tantamount to science, the ability to make hypotheses based on prior information, test them, and evaluate your results. Defining intelligence in such a way, which does not seem unreasonable, then science is an inevitable outcome of intelligence. Some civilisations may develop a different science or at different rates, but science is inevitable. Therefore, I venture to suggest all intelligent civilisations will, at some point, develop science and therefore go on to be able to communicate across interstellar distances; fc = 1.

9. How long have you got?
So far we have values for all but one of the terms in the Drake Equation (see Table 1.)
Table 1. A summary of the Drake terms obtained thus far

	Term
	Value

	R*
	1

	ne+
	10-4

	fℓ
	1

	fi
	10-4

	fc
	1


+ fp has been absorbed into ne
This means we now have,

N = 10-8 L
Where L is the number of years an intelligent civilisation can communicate for.

If the above assumptions and therefore equation is correct then Drake’s value of N=106 is clearly an over-estimate. In order to obtain N=106 you would need a civilisation to be communicating for 1014 years, longer than the age of the Universe.[67] Let us examine other possible values of L and their resulting values of N.

9.1 Destruction is coming

9.1.1 Mass Extinctions
Fossil records have given palaeontologists the timings of mass extinctions on Earth. The graph below shows their findings,
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Fig 3. Illustrating the five mass extinctions in Earth’s history. [68]
The three biggest mass extinctions on the above graph occurred at intervals of around 100-200 million years. It thus seems sensible to initially conclude that we can survive for at least 108 years.
9.1.2 One up on the dinosaurs
The last peak on Figure () was the extinction of the dinosaurs 65 million years ago. As is discussed in section 8.1 they are thought to have been wiped out by an asteroid striking the Yucatan Peninsula. Let’s examine the threat of asteroids to our own existence, and due to The Principle of Mediocrity all other civilisations, and how intelligence gives an advantage of the dinosaurs.
Our atmosphere protects the Earth from most asteroids that are approximately less than 1km in size. Anything larger reaches the surface of the Earth and causes damage. A 1km object would cause severe local devastation but not enough to stop us communicating. A 5km wide object would severely change climatic conditions causing a ‘nuclear winter’, enough to kill a significant percentage of the population but some would still survive. A 10-20km asteroid causes irreversible damage to species numbers and was responsible for the Yucatan impact. [69] The frequency of such impacts is shown in Table 2.
Table 2. The frequency of impacts for different sizes of asteroid. [70]
	Size (km)
	How often they hit (years)

	1
	300,000

	5
	10-30 million

	10-20
	100-200 million


It isn’t a coincidence that the frequency of the most destructive asteroids, coincides with the mass extinctions in Earth’s history. Assuming Earth is an average host planet amongst intelligence civilisations, L could be limited to just 108 years unless we can stop another impact. Luckily, we have a plan.
NASA’s Spaceguard Survey will use six 2.5 metre telescopes to catalogue asteroids. [71] It is expected that 500 near earth objects and 100,000 asteroids in the main belt will be recorded each month. At this rate we should have a record of all potential threats within the next 25 years. Once we know an asteroid has the potential for a collision we can avert disaster by a number of methods. Possibilities include blowing the asteroid up, imparting course altering momentum using a laser or sending a probe close by and letting its gravitational interaction change the asteroid’s path.[72] According to Ulmschneider, “despite our still limited technical possibilities in space at present, we would already be able to mount a decisive effort to avoid disaster”[73]
9.1.3 Supernovae
When a star greater than 8 solar masses runs out of fuel, it can no longer prevent gravitational collapse. In falling matter rebounds off the incredible dense core and explodes outwards. The escaping radiation can have total energy of up to 1044J, outshining the Milky Way. [74] However, optical photons wouldn’t cause a problem, nor would the plethora of neutrinos emitted as they struggle to react with matter. The vast amounts of gamma radiation escaping from the dying star, however, could. Our atmosphere would protect us from direct irradiation but the gamma rays would uncouple diatomic atmospheric nitrogen molecules which then react with oxygen creating nitric oxide. This in turn reacts with ozone, depleting the ozone layer. Webb states that 95% of the ozone layer would be destroyed for a period of several years. [75] We would no longer be protected from the Sun’s harmful UV rays, which would destroy cellular life. 
However, Dragicevich has calculated that supernovae explode once every 15 years in the Milky Way, that’s 3x108 supernovae in the lifetime of the Earth. [76] If like Ulmschneider, we assume a lethal distance of 10 light years, then supernovae have a 17% chance of threatening life over the lifetime of the Earth. [77] Supernovae are not the only galactic source of gamma rays though.

9.1.4 Gamma Ray Bursts
Extremely high energy bursts of gamma rays have been detected coming from deep space. Perhaps the most favoured model for the origin of these bursts is the collapse of a super-massive, fast-rotating star collapsing into a black hole. [78] Whatever the origin of the gamma rays is, their shear luminosity has been suggested as a cause of mass extinctions. [79] Despite the bursts lasting for ~ 1s, some scientists believe a burst could destroy up to half the Earth’s ozone layer. [80] We have seen in section 9.1.3 what implications that would have on our existence. However, gamma ray bursts as a mass extinction medium have been criticised. Ulmschneider says “As gamma ray bursts are highly directional… they are even less likely than ordinary supernovae to threaten life on Earth” [81]
9.1.5 Internal Factors
The Drake Equation was formulated in 1961, just two years before the Cuban Missile Crisis, at the height of the Cold War. Some researchers suggested that atomic warfare was an inevitable consequence of intelligence. [82] More modern concerns include irreversible climate change and terrorism. However, there is a danger of bordering on anthropocentrism with these arguments. Humans have caused these problems but other intelligent civilisations may not. I will stick to astrophysical factors conceivably affecting all galactic civilisations.
9.2 Here ‘til the lights go out?
Naively, humanity could be in existence on Earth until forced to leave because of the death the Sun. More accurately until the Sun begins to move of the Main Sequence of stars. Coupled with the fact that we’ll soon be capable of protecting ourselves from asteroids, plus supernovae and GRB’s are not a galaxy wide threat, this implies we could communicate for ~ 5x109 years. However, research by Kasting suggests that in as little as 109 years the increasingly luminosity of the Sun will boil Earth’s oceans, forcing life to move or perish. [83] 
Assuming nothing is special about our rate of intelligence development, it is fair to take 109 as an average. The possibility of a civilisation 2 billion years in advance would balance younger civilisations. Putting that into the Drake Equation we obtain a value of 

N ~ 10
Some civilisations may not last the entire rest of their star’s lifetime for any number of the above internal or external factors, so I will invoke a range for L of between 108 and 109 meaning we derive N to be between 1 and 10.
10. Conclusion
Having reached the end of our evaluation of The Drake Equation, we are now in a better position to comment on the Fermi Paradox. There appears to be a maximum of ten intelligent civilisations currently residing in the Milky Way, with this number almost certainly lower due to internal and external threats to survival. Ten compared with Drake’s initial estimate of a million is a very small number given the scale of the Milky Way. In section 6.3 we saw that these civilisations are hidden within the 2.1 x 107 Earth like planets in our galaxy. With the Milky Way being 105 light years in extent and assuming an even spread of intelligence, the nearest civilisation to us would be 104 light years away. To have found a signal from one of them would have been incredibly lucky considering we haven’t been looking at those distances or for very long. Even if we searched at the right distance, we don’t even know if we are searching in the right place. The waterhole is a very romantic idea but there are many other significant numbers both in astronomy, science and mathematics. Francois Le Lionnais has compiled an anthology of 400 such “special numbers” in his book “Les Nombres Remarquables”.[84]
So it turns out that the needle really is small and the haystack large. Heinmann’s message in a bottle analogy looks even more appropriate[ref]. Add this to the fact that interstellar travel, both in human form and using probes, is immensely troublesome, it seems the chances of us ever hearing from our galactic cousins is slim. The only option we have is have patience and to plough on with our search of the sky for signals, looking increasingly farther afield. So in answer to Fermi’s question of “where is everybody” I answer, they are small in number but are waiting on the other end of the line, and we just have to wait long enough to find the phone.
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