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The Drake Equation Is Broken; Here’s How
To Fix It
In the aftermath of everything we’ve learned about
what’s in the Universe, we can make much better
estimates of how many alien civilizations are out there.

. . .

It’s long been theorized that the �rst detection of extraterrestrial intelligence will come from radio

waves. But it’s possible that what’s out there may go well beyond what anyone has dreamed to look

for until now. (Danielle Futselaar)
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In 1961, scientist Frank Drake wrote down a simple-looking equation

for estimating the number of active, technologically-advanced,

communicating civilizations in the Milky Way. From �rst principles,

there was no good way to simply estimate a number, but Drake had the

brilliant idea of writing down a large number of parameters that could

be estimated, which you would then multiply together. If your numbers

were accurate, you’d arrive at an accurate �gure for the number of

technologically advanced civilizations that humanity could

communicate with, within our own galaxy, at any given moment. It’s a

brilliant idea in concept, but one that’s become less and less useful as

we’ve learned more about our Universe. As it stands today, the Drake

equation is broken, but we know enough about the Universe to

construct an even better framework.

The Drake equation, to be speci�c, said that the number of civilizations

(N) we have at any given time within our galaxy, is equal to the product

of seven di�erent unknown quantities from astronomy, geology,

biology, and anthropology, each of which build o� of the previous

element. They are:

R_∗, the average rate of star formation,

f_p, the fraction of stars with planets,

1.

2.

The possibilities of having another inhabited world in our Milky Way are incredible and tantalizing,

but if we want to know whether it’s real or not, we absolutely have to get the science right.

(Wikimedia Commons user Lucianomendez)
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n_e the average number stars-with-planets that have one that

could support life,

f_l, the fraction of those planets that developed life,

f_i, the fraction of life-bearing planets that developed intelligent

life,

f_c, the fraction of these intelligence-having planets that are

technologically communicative across interstellar space, and

L, the length of time such a civilization can broadcast-or-listen.

Multiply these numbers all together, in theory, and that will give you

the number of technologically advanced, broadcasting civilizations we

have in the Milky Way today.

Only, there are huge problems with this setup. There are a number of

unspoken assumptions that simply writing down the equation this way

makes, that simply don’t re�ect reality. Problems for its modern-day

usefulness include:

The fact that the equation was written before the Big Bang was

validated and the Steady State model was disfavored.

The equation assumes that only one planet per star system could

support life.

3.

4.

5.

6.

7.

•

•

An artist’s rendition of a potentially habitable exoplanet orbiting a sun-like star. But we might not

have to �nd another Earth-like world to �nd life; our own solar system may have all the ingredients

we need. We simply don’t know how ubiquitous life is. (NASA Ames / JPL-Caltech)
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That intelligent, technologically advanced life will never spread to

other worlds.

And that broadcasting-and-listening-for radio signals is the

method by which an intelligent species would choose to

communicate across interstellar space.

That last assumption, in particular, was the motivation for SETI — the

search for extraterrestrial intelligence (with radio dishes) — which has,

of course, come up empty.

This doesn’t mean, however, that there aren’t other worlds out there

with intelligent life on them! Despite our uncertainties about what’s out

there or whether/how they might attempt to search for or contact us,

the possibility of intelligent, communicative, or spacefaring

extraterrestrials is one of tremendous interest to not only scientists, but

all of humanity. Many of the steps of the Drake equation may be

problematic, and they contain the major issue that there are huge

uncertainties associated with them: so large that they render any

conclusion about N, the number of civilizations within our galaxy,

meaningless. But it’s 2018 now, and there are a huge number of things

we know about our galaxy and our Universe that we didn’t know in

1961. Here’s a better approach.

•

•

The Atacama Large Millimeter submillimeter Array (ALMA) are some of the most powerful radio

telescopes on Earth. They are only one small part of the array forming the Event Horizon Telescopen

and can image the Magellanic Clouds (shown here) and all of the stars in the southern sky, unlike

most northern hemisphere observers. (ESO/C. Malin)
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1.) N_s: the number of stars in our galaxy. Why estimate the rate of

star formation when we can simply look at the number of stars we have

today? We know how large our galaxy is, how thick it is, how large the

central bulge is, and what their mass distribution is. Based on what we

can observe with extremely powerful all-sky and pencil-beam (where

you look at one narrow region very deeply) surveys, we can simply

state that there are between 200 and 400 billion stars in our galaxy. An

uncertainty that’s only a factor of 2 is pretty good, and tells us that we

have a very optimistic starting point: each star has a chance for success.

Let’s pick the larger number here.

A stellar nursery in the Large Magellanic Cloud, a satellite galaxy of the Milky Way. By surveying star

clusters and �eld stars in and out of our galaxy, as well as measuring the extent of the Milky Way, we

can simply determine the number and types of stars that exist. (NASA, ESA, and the Hubble Heritage

Team (STScI/AURA)-ESA/Hubble Collaboration)
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2.) f_p: the fraction of stars with planets. This is one we can keep

from the original Drake equation, but in the aftermath of Kepler, it isn’t

all that interesting. Why? Because it’s close to 100%! The fraction of

stars with planets around them, based on the number of stars we’ve

surveyed and what we’ve learned about them, is somewhere in the

ballpark of at least 80%. To say “the fraction of stars with planets” is 1 is

a nice, easy victory for the optimists out there.

Illustration of the planet-�nding space telescope, Kepler, from NASA. Kepler has found thousands of

planets around stars in the Milky Way, teaching us about the mass, radius, and distribution of worlds

beyond our Solar System. (NASA Ames/ W Stenzel)

Moon and clouds over the Paci�c Ocean, as photographed by Frank Borman and James A. Lovell

during the Gemini 7 mission. Earth, around our Sun, has the right conditions for life. But what about

other stars? (NASA)
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3.) f_H: the fraction of stars with the right conditions for
habitability. This gets more interesting now! Of the major classes of

stars, how many of them have worlds that could support life? A star like

our Sun — with our Sun’s mass, radius, and lifetime — could do it, as

evidenced by our existence. But what about a more massive star? At

some point, they’ll be massive enough to burn through their fuel too

quickly, and intelligent life could never arise.

On the other end, a low-mass star may be too unstable, �aring and

blowing o� a planet’s atmosphere, or with little enough ultraviolet light

that life cannot arise. We might worry about if there are enough heavy

elements to support life on a world, or if a certain location in the galaxy

renders the environment too chaotic for life. These may be unknowns,

but we can probably safely say that at least a quarter, or 25%, of stars in

our galaxy can have a potentially habitable planet.

Sugar molecules in the gas surrounding a young, Sun-like star. The raw ingredients for life may exist

everywhere, but not every planet that contains them will develop life. (ALMA (ESO/NAOJ/NRAO)/L.

Calçada (ESO) & NASA/JPL-Caltech/WISE Team)
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4.) n_p: the number of worlds around habitable stars with the
right conditions for life. This is something we’ve learned a

tremendous amount about from our exoplanet studies, but tremendous

questions remain. What makes a world habitable? In the early solar

system, Venus, Earth, and Mars all had similar conditions. In the outer

Solar System, worlds like Enceladus and Europa, with sub-surface

oceans, may have underwater life. In systems with gas giants at Earth-

like locations, large moons could see life arise on them. Although the

uncertainties are very large here, I think it’s a fair estimate to say that of

the stars which can have a potentially habitable world, on average there

will be one world that clearly has the best chance for life. That’s the

world we’re interested in, and so we’ll say n_p= 1.

At this point, by the way, we can multiply those �rst four numbers

together to get an estimate for the number of worlds with good chances

at life within our galaxy: 100 billion. That’s a promising start.

5.) f_l: the fraction of these worlds where life arises. This is a great

time to line up with Drake again, because this is one of the great

unknown questions in the search for life beyond Earth. Of all the

potentially habitable worlds, how many of them take that �rst

incredible step, where life arises from non-life? Or, if primitive life

originates in interstellar space, how many worlds see life take hold on

the surface, in the oceans, or in the atmosphere? We don’t even know

Structures on ALH84001 meteorite, which has a Martian origin. Some argue that the structures shown

here may be ancient Martian life.(NASA, 1996)
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the answer for our own Solar System, where it’s arguable that we may

have as many as 8 other worlds where life arose at some point. Life may

be common; optimistically, it may have a 10% chance of arising from

non-life. Or, alternatively, it could be exceedingly rare: a one-in-a-

million shot or worse.

The uncertainties here are huge, and any number that you can pick is as

ill-motivated as any other. Someday in the future, we’ll have the

capability of performing our �rst tests, however. When our telescope

technology enables us to determine the atmospheric contents of

worlds, we can look for the presence or absence of biosignatures like

methane, molecular oxygen, and carbon dioxide. It will be indirect

evidence, but it should be an incredible step towards inferring whether

worlds have life on them or not. If we say there’s a 1-in-10,000 chance

that a potentially habitable world has life on it, as good a guess as any,

that means there are 10 million worlds in the Milky Way where life

exists.

Signatures of organic, life-giving molecules are found all over the cosmos, including in the largest,

nearby star-forming region: the Orion Nebula. Someday soon, we may be able to look for

biosignatures in the atmospheres of Earth-sized worlds around other stars. (ESA, HEXOS and the HIFI

consortium; E. Bergin)

https://www.forbes.com/sites/startswithabang/2017/07/21/eight-other-worlds-in-our-solar-system-might-have-life-beyond-earth/
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6.) f_x: the fraction of life-having worlds with complex,
di�erentiated organisms. De�ning life as “intelligent” or not is a hazy

prospect at best, as even the top scientists still argue over the

classi�cation of dolphins, great apes, octopi, and many other organisms

as intelligent or not. What no one will argue about, however, is whether

an organism is complex and di�erentiated: with di�erent body parts

with di�erent functions and structures, in a macroscopic, multicellular

arrangement. It took billions of years of life thriving on Earth until we

evolved the �rst multicellular organism, and then hundreds of millions

of years more until we developed gender in reproduction; without

both, out-competing single-celled life would be impossible, as they’d

out-evolve the larger forms of life.

Ligand-gated Q-cells are essential channels with multiple biological applications, and are particularly

needed for the human body to function. Single celled organisms can reproduce very quickly, but in

order to develop complex functions and structures, multicellular organisms are required. (Biolin

Scienti�c)
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Again, Earth is our only laboratory for this, but let’s be optimistic in the

absence of evidence, and assume there’s a 1-in-1,000 chance that a

world that starts with a primitive, replicating, information-encoding

strand of life can lead to something like the Cambrian explosion. That

gives us 10,000 worlds in the Milky Way teeming with diverse,

multicellular, highly di�erentiated forms of life. Given the distance

between the stars, that means there’s likely another planet where this

has occurred just a few hundred light years away.

A bonobo ‘�shing’ for termites is an example of a complex, di�erentiated organism that uses

primitive tools. It may not count as a scienti�cally/technologically advanced species, but it certainly

counts as multicellular, di�erentiated, and highly interesting from an astrobiological perspective.

(Wikimedia Commons user Mike R)
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7.) f_t: the fraction of those worlds which presently house a
scienti�cally/technologically advanced civilization. This is a

superior question to the ones asked by the Drake equation. Who cares if

this is the �rst or the tenth time a technologically advanced civilization

arose? Who cares if they’re using radio waves? Who cares if they blow

themselves up or self-extinct, or whether they have spacefaring

ambitions or not? The big question is whether there are

extraterrestrials who are intelligent the way we’re intelligent, and that

means scienti�cally and technologically advanced.

Alan Chinchar’s 1991 rendition of the proposed Space Station Freedom in orbit. Any civilization that

creates something like this would de�nitely count as scienti�cally/technologically advanced.(NASA)
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There’s no evidence for this anywhere other than Earth, of course,

which means there’s a huge range of possibilities. It could be easy, like

1% of them get there, or it could be a freak coincidence that humanity

arose at all, and the odds could be more like one-in-a-billion. Here on

Earth, it’s been about 500,000,000 years since the Cambrian explosion,

and we’ve only had a technologically advanced species on the planet

for less than 1,000 years. Assuming humanity lasts for a few thousand

more in this state, that means that Earth will have spent 1-in-100,000

of our time with complex, di�erentiated organisms in a technologically

advanced state.

Even with 10,000 such worlds in the Milky Way, there’s only

approximately a 10% chance, under these estimates, that another

scienti�cally/technologically advanced civilization exists at the same

time as us.

The ‘holy cow’ mosaic of the Mars Phoenix mission, with revealed water-ice clearly visible underneath

the lander’s legs. In order to learn the maximum amount possible about the presence or absence of

life on a world, you absolutely must touch down and look, explicitly, for the sure�re signatures. (NASA

/ JPL / University of Arizona / Max Planck Institute / Space�ight / Marco Di Lorenzo, Kenneth Kremer /

Phoenix Lander)
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But with all that said, it’s those last three numbers — f_l, f_x, and f_t — 

that have such large uncertainties that make accurate estimates an

impossibility right now.

Knowing how many worlds there are out there in the Milky Way with

life on them, and �nding even one, would have tremendous

implications for our existence, and for understanding our place in the

Universe. Taking even the next step, and learning that there were

complex, di�erentiated, large organisms on a world, like we have with

the fungal, animal, and plant kingdoms on Earth, would revolutionize

what’s possible. And �nally, the chance we’d have to have

communication, visitation, and a knowledge exchange with a

scienti�cally or technologically advanced alien species would forever

alter the course of humanity. It’s all possible, but there’s so much more

we need to know if we ever want to �nd out. We must take these steps;

the rewards are too great if there’s even a chance of learning these

answers.

. . .

Once intelligence, tool use and curiosity combine in a single species, perhaps interstellar ambitions

become inevitable.(Dennis Davidson for http://www.nss.org/)

http://www.nss.org/%29


4/14/2018 The Drake Equation Is Broken; Here’s How To Fix It – Starts With A Bang! – Medium

https://medium.com/starts-with-a-bang/the-drake-equation-is-broken-heres-how-to-fix-it-ae9466c3f53f 15/16

Starts With A Bang is now on Forbes, and republished on Medium thanks

to our Patreon supporters. Ethan has authored two books, Beyond The

Galaxy, and Treknology: The Science of Star Trek from Tricorders to Warp

Drive.
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