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Focus on the Earth.
2016 is on track to be the
world's warmest year on
record. Every month, so
far, has been confirmed as
the warmest in a record
that began in 1880. As
summer ended in the N.
Hemisphere, the Arctic's
2016 melt season drew to
a close, having seen the
second smallest sea ice
minimum on record.

News from the Ecospheres Project.

Applying what we know about the Earth in the search for other habitable worlds.

Another Earth on our doorstep?

Astronomers have reported that a planet has been
detected in the Habitable Zone of the red dwarf Proxima, the closest known star to our Sun and
one of the three suns of the α Centauri system. The SETI Institute, meanwhile, has announced
that its Allen radio telescope array will listen to around 20,000 red dwarf stars for transmissions
from other civilisations. Pioneering work by our collaborators and their colleagues on the
habitability of planets orbiting red dwarfs helped prepare the ground for this exciting research.
The view on this page shows our Sun, planets and the Milky Way on October 15, 2016, early in the N.
Hemisphere's autumn. It takes in part of the southern skies that cannot be seen from northern midlatitudes. Modified Stellarium image.

Fears that 2016 could see
the near disappearance of
the Arctic's sea ice proved
unfounded.
Much depends, however, on
weather conditions and the
possibility of this happening
during the next few years
remains open.
The extent of sea ice (defined as
area with minimum 15% cover)
shrank to a mere 4.14 million km2
(compared with 4.15 million km2 in
2007 and
3.39 million km2 in
2012. The dates of the minima
were Sept. 18, 2007, Sept. 17,
2012 and Sept. 10, 2016.

Surprising under the cirumstances. The early minimum was not necessarily the last word on

how small the floating ice cap would become in 2016.The USA's National Snow and Ice Data Center
cautioned: “Please note that this is a preliminary announcement. Changing winds or late-season melt
could still reduce the Arctic ice extent, as happened in 2005 and 2010. NSIDC scientists will release a
full analysis of the Arctic melt season, and discuss the Antarctic winter sea ice growth, in early
October.”
The agency also expressed the opinion that: “weather over the Arctic Ocean this past summer has
been generally stormy, cool, and cloudy — conditions that previous studies have shown to generally
limit the rate of summer ice loss. That September ice extent nevertheless fell to second lowest in
the satellite record is hence surprising.”
Below: The extent of ice cover at the end-summer mininimum compared with the 1981 to 2010
average. NOAA Climate.gov based on NOAA and NASA satellite data from NSIDC.

Autumn equinox,
September 22, 2016

Above: Thames and central
London from Waterloo Bridge.
The Wheel and the Houses of
Parliament bask in bright
afternoon sunshine on the day
of the equinox.
Left: Re-labelled Stellarium
view at around solar noon
(atmosphere removed). The
Sun was flanked by three
planets. The planets orbit
anti-clockwise as seen from
the north. Mercury, closest
major planet to the Sun has
overtaken Venus and Earth
and was visible in Earth's
morning sky. Venus, having
overtaken the Earth and
passed around the far side of
the Sun will be setting ever
later after the Sun as we head
into the darker months. We
are overtaking the distant
giant Jupiter and as we do so,
it will pass into the morning
sky.

The Sun as seen by NASA's Solar Dynamics Observatory
satellite on September 22, 2016 at 16:00 UT. Solar activity is
mild and three sunspots were seen. The Sun rotates in the
same direction as the planets, and these spots would soon be
carried around to the far side of our star.

South Pole: through the
half-year-long night and
out into sunlight again.

Above: Looking across to the USA's Amundsen-Scott
Station at the South pole on September 22, 2016. This
was the day of the Southern Hemisphere's spring
equinox, when the Sun ries over the horizon at the
South Pole. NOAA and NSF (USA) webcam.

The picture at top left shows the scene on March
24, 2016. Antarctica's autumn equinox/Northern
Hemisphere's spring equinox had taken place on
March 20 and on March 24, the pinkish afterglow of
sunset persisted in the lingering twilight. The next
view was taken on June 25 (mid-winter's day was
June 20) and the gibbous waning Moon (out of
shot), lit the snowscape. Moonlight provides
illumination in many night-time webcam pictures.
On July 24, red and green curtains of the aurora
australis shimmer against a starry backdrop that
includes Sirius, the brightest star in the sky. In the
next two pictures (Aug. 27 and Sept. 17), the sky
brightens as the Sun approaches the horizon.

Below: The Sun had risen, but was still close to
the horizon, throwing a rosy glow over the
Larsen C ice-shelf of the Antarctic Peninsula
(Aug. 22, 2016). NASA's Terra satellite looked at
a 130 km fracture, which had grown 22 km over
the last 6 months - part of a natural decades-long
cycle of calving from the ice shelf.

New Earths? Opening up the red frontier.
Martin Heath & Laurance Doyle.

The discovery that a planet, whose mass is likely
comparable to the Earth, is orbiting the nearest
star to the Sun is one of the most dramatic
scientific breakthroughs yet seen this Century.
The star in question is Proxima Centauri, a faint
red dwarf (spectral class M) 4.25 light years away.
Whatever kind of world this turns out to be, and
whether or not it is life-bearing or barren, it will
cause us to re-examine our place in the universe.
Today, the possibility of red dwarf stars possessing
habitable planets is widely discussed in the
scientific community. Shortly, the SETI Institute
will be directing its Allen radio telescope array
(below right) towards some 20,000 red dwarf stars
in the hope of detecting radio transmissions and
next year, NASA’s Transiting Exoplanet Survey
Satellite (below left), will begin surveying
thousands of red dwarfs in the hope of spotting – in
the case of planetary systems that we just happen
to be viewing edge-on - regular dips in their light
caused by planets crossing (transiting) their disks.
Image credit : Kornmesser / European Southern Observatory / AFP

The astrobiology community was not always sympathetic to
the idea that red dwarfs might have life-bearing planets and
my colleagues and I were privileged to play a part in opening
up this fascinating discussion. Having been in at the
beginning of this revolution, we hope to return to it. Our
perspective has developed a more sceptical edge, but we
have not entirely abandoned our earlier optimism.

They are all vanishingly dim, with none of them visible
to the unaided eye – but red dwarfs may be the most
important stars in the Galaxy.
Because red dwarfs are so faint, they will burn up their nuclear fuel much slowly than a star as massive as
the Sun. The luminosities of stars fall off sharply towards lower masses. A star about half the mass of the
Sun (the most massive red dwarf), will have about 7% of the Sun's total output. The lowest mass star,
around 7.5% of the Sun's mass, will have a luminosity a mere 0.00125% that of the Sun. Our Sun will burn
H to He in nuclear reactions in its core for about 11 billion years. A red dwarf will be able to manage this
for hundreds of billions, some for over a trillion years. Red dwarfs less than about a quarter the mass of
the Sun will be fully convective, so as H in the core is used up, it will be replenished by H from the rest of
the star. Planets of red dwarfs might provide homes for civilisations into an unimaginably distant future,
long after the Sun and more massive stars have burned themselves out. 75% of stars are red dwarfs.

Alpha Centauri
Beta Centauri (Hadar)

Proxima Centauri
NASA/Hubble Space Telescope images

Proxima Centauri inset.

Proxima Centauri is usually taken to be a distant member of the Alpha Centauri system, because it
shares its motion through space. It appears to be held in orbit by the gravitational pull of a couple of
Sun-like stars that waltz around each other every 80 years. The two Sun-like stars vary in their
distance from each other from 11.4 to 35.8 AU (an Astronomical Unit is the mean Earth-Sun distance
of 149.6 million km). Proxima presently lies about 15,000 AU from this binary star. If genuinely bound
in orbit, it must take over half a million years to go round. The two Sun-like stars of Alpha Centauri
lie just 4.37 light years from us. Beta Centauri is another binary, but consists of two massive, evolved
and highly luminous blue stars about 525 light years away. The light we now see from Alpha began its
journey in 2012, that of Hadar, around the time that Christopher Columbus set sail.

Why hadn't scientists taken red dwarfs seriously? 1. Menace of the dark side.
Because red dwarfs are so faint, any Earth-like planet orbiting close enough to receive the same
amount of energy that the Earth receives from the Sun would have its rotation captured by intense
tidal forces. One side would permanently face its star, just as our Moon keeps one face pointing
towards the Earth, and the other side would languish in perpetual night. It was supposed that there
would be huge temperature differences and that the entire atmosphere would go roaring around the
planet in hurricane-strength winds until all the air and water ended up frozen out on the dark side.
The revolution began with a group based at NASA Ames, namely Bob Haberle, Chris McKay, Daniel
Tyler and Ray Reynolds, (Haberle, et al., 1996) challenging long-held wisdom. They pointed out that
the ability of a modest atmosphere to retain heat meant that a planet in synchronous rotation might
well escape having its atmosphere frozen out on the dark side. But what about water? The group
invoked a somewhat forlorn prospect. If great ice sheets had built up on the hemisphere where it was
permanently night, glacial tongues could spread outwards from there into the twilight zone, where
their snouts could begin to melt and their waters would penetrate into the day hemisphere – which
day hemisphere would then not be entirely arid, and there could be relatively small quantities of
water that could be exploited by biology. The next significant advance came from climatologist Manoj
Joshi and colleagues Bob Haberle and Ray Reynolds (Joshi et al., 1997). Using climate models by M.
M. Joshi and R. M. Haberle, it showed that with amounts of energy from the star comparable with
those received from the Earth, an atmosphere with just 10% the mass of Earth's could do the job.
Laurance Doyle asked me to take up the problem from there, and I had the pleasure of having him,
Manoj and Bob as my co-authors on a paper published in the journal Origins and Evolution of Life
(Heath et al., 1999). It was possible to show that floating ice masses on the dark side of a planet in
tidal lock could not freeze all the way down to the sea floor if the planet were producing the
amounts of geothermal heat that we see coming through the crust on Earth. Ice sheets would reach
an equilibrium thickness depending upon the temperature at their surface and the flow of heat from
below. If water snowed out on them, this would be balanced by ice melting on their undersides. If a
planet had oceans as deep as those on Earth, the water would simply be returned to the daylight
hemisphere, where rainfall could be plentiful.

2. Malign sunlight.
Other objections to habitability involved the kind of output that
was coming out of red dwarf stars. It had been thought that their
sunlight would be too poor in Photosynthetically Active Radiation
(PAR: light in the violet to red range of 400 to 700 nm) to support
plant life, whilst red dwarfs tend to be very active compared to
the Sun. The brightness of the star would fluctuate and from time
to time, great flares would erupt in intense brilliance and sterilise
planetary surfaces with lethal amounts of UV. It was possible to
show that the amount of PAR arriving would be adequate for many
plants and that plants could plausibly evolve ways to use radiation
from the longer-wave part of the spectrum, well into the IR,
where red dwarfs put out most of their energy. As for giant flares,
many would not involve UV increases far beyond that received dayto-day on Earth. Life is also adept at evolving protective skins,
scales, exoskeletons and shells, not to mention the possibility of
retreating into water or burrows.
Chris Chyba, then at the SETI Institute, asked if he could take this paper to a Congressional hearing
on funding the search for life elsewhere. In 2005, the SETI Institute staged a NASA-funded workshop.
That meeting led to a 32 author paper headed by Jill Tarter, Director of SETI (Tarter et al., 2007). My
colleagues and I were co-authors.

Here on Earth, tourists head to the Arctic to admire displays of the Aurora Borealis as
charged particles from the Sun cause our upper atmosphere to glow. Their ever-changing
streamers and curtains are a spectacle of transfixing beauty. On worlds with weak
magnetic fields, however, aurorae could be harbingers of death – as atmospheres and
oceans are lost to space.
Neither our paper, nor that emerging from the work shop, had discussed the hazards posed by the
immersion of close-in planets in the intense stellar winds of particles pouring outwards from active
stars – and red dwarfs can be phenomenally active. Could the atmospheres of nearby planets be
swept away, making nonsense of the idea of a Habitable Zone? We were not unaware of the problem,
but it lay beyond the expertise of myself an my colleagues and so, remained unaddressed.
A particular hazard is posed by the episodic release from stars of masses of plasma (ionised gas) in
events known as Coronal Mass Ejections (CMEs). CMEs are loops of matter, with (in the case of our own
Sun) masses of up to several 108 tonnes which are ejected into space at velocities which may be as
high as > 400 km s-1. Unless a planet has a sufficiently powerful magnetic field, the stellar wind
emitted by its star, will, over geological time, sweep away its atmosphere.
Researchers including Helmut Lammer et al. (2007),
Maxim L. Khodachenko et al. (2007) and John Scalo
et al. (2007) delivered the bad news. M stars can
show significant activity in the X-ray and extreme
ultraviolet radiation (XUV) range. Photodissociation
and ionization processes, caused by intense XUV
radiation could heat planet's outer atmospheres and
cause them to expand – making them easier to
remove. Right: Activity on our Sun. NASA.
Would planets in tidal lock (like the major moons of the Solar System), or in a spin:orbit resonance
(like Mercury which spins in 2/3 the time it takes to orbit) rotate too slowly to develop sufficiently
powerful magnetic fields to prevent their atmospheres and oceans being lost to space? A later study
by Rory Barnes et al. (2010) concluded that it wasn't how fast a planet rotated that decided the
strength of its magnetic field, but its mass and what it was made of. Driscoll & Barnes (2015) looked
at how a planet's history of tidal heating would affect its magnetic field. Scientific debate continues.

Last month, after years of painstaking work, a team led by Guillem Anglada-Escude of
the School of Physics and Astronomy, Queen Mary University of London, confirmed
the existence of a planet around Proxima Centauri.

Our Sun is a giant compared to the red dwarf
Proxima Centauri. The subscript  denotes the Sun.
Mass = 0.123 M Radius = 0.141 R
Effective temperature of Proxima = 3050 K (Sun = 5770 K)
Luminosity (total output across the spectrum) = 0.00015 L Most
of Proxima's output is in the infra-red.
These figures are from the paper which announced the
discovery of the planet Proxima-b.

What do we actually know about the planet Proxima b? Facts & figures.
The planet was detected by the way in which, as it moves around its orbit, it pulls Proxima
backwards and forwards by a measurable amount. As the star approaches us, its spectral lines will be
very slightly shifted by the Doppler effect to the blue end of the spectrum and as it is tugged in the
opposite direction, its lines will be slightly red shifted. We can work out the planet's minimum mass
assuming that the orbit lies edge-on to us. Of course, if the orbit is tilted to our line of sight, the
acceleration in our direction may be just a fraction of the true acceleration from one side of the
orbit to the other – we could be dealing with a much more massive object in an orbit that 's nearer to
face-on.
Our Earth imparts an acceleration of 0.09 metre per second to our Sun, but a much larger effect is
seen in the case of a similar-sized planet orbiting close to a low mass star like Proxima. Proxima b
tugs its star backwards and forwards along our line of sight by somewhere between 1.17 to 1.59,
most probably 1.38 metres per second. That gives the planet a minimum mass in the range 1.10 to
1.46, most probably 1.27 that of the Earth. We can't be sure what kind of geological activity there
would be on such a planet, but it could be sufficiently close in size to the Earth to work in a similar
way, with moving plates, opening and closing oceans, drifting continents and mountain-building.
The planet orbits once every 11.184 to 11.187, most probably 11.186 days. Proxima's Habitable Zone
(the zone around a star within which a suitable planet might retain liquid water on its surface) is
thought to stretch between 0.0423 to 0.0816 AU and the radius of the planet's orbit is estimated to
be 0.0434 to 0.0526 AU, most probably, 0.0485 AU – so it appears to be sitting neatly in the HZ.
There has been a lot of speculation about this planet; how it might have formed (Coleman et al.,
2016) and how it might have developed over time as a world where life might exist (Barnes et al.,
2016; Ribas et al. 2016). For now, this is no more than scientific guesswork.

As Anglada-Escude and colleagues warned:
“The habitability of planets like Proxima b — in the sense of sustaining an
atmosphere and liquid water on its surface — is a matter of intense debate.”
This assumes that the planet itself is basically Earth-like – but, is it really?

Its discoverers very responsibly claimed only “a terrestrial planet candidate”.

The ghosts of the Data Gap.
What we are all keen to discover is whether Proxima b is a terrestrial planet. Terrestrials, like the
Earth, from which they are named, have a metal-rich core encased in a silicate rock mantle and
topped by silicate crust. Terrestrials are not the only possible homes for life-as-we-know it, but if we
are interested in finding a world resembling the Earth, we are talking about a terrestrial planet.
Proxima b is what we would call a Data Gap planet. Frustratingly, right now, nearly all of the 3532
planets discovered orbiting other stars (Extrasolar Planets Encyclopedia update Sept. 27, 2016) fall
into this category. Before we can even begin to argue about what a planet might be made of, we
need to have accurate measurements of both its mass and radius – which would give us its density. In
most cases, we have a mass or a radius, but not both.
Where we do have both, the implications can be very surprising indeed. We know of planetary
systems where planets much smaller than the Sun's gas and ice giants appear to be lightweight for
their size (compared with terrestrials) and they are most likely smothered by volatiles like water, or
H and He (Kepler-11, see Lissauer et al., 2013; Kepler-138, see Jontof-Hutter et al., 2015). This
includes planets even smaller than the Earth. Kepler-138b has, like Mars, half the radius of the Earth,
but whilst Mars has 10.7% the mass of the Earth, this object is weirdly lightweight with just 6.6%
Earth's mass.

We cannot yet be sure that the nearest planet outside the Solar System is
another Earth. We can be sure, however, that its historic discovery will
deliver a huge impetus to the quest to find another living world.
Artie P. Hatzes of the Thüringian State Observatory, Tautenburg, Germany pointed out that:
“If only a small fraction of M dwarfs have temperate-zone planets, our Galaxy could be
teeming with life.”
Science writer Alexandra Witze enthused: “The discovery, reported this week in Nature,
fulfils a longstanding dream of science-fiction writers — a potentially habitable world that
is close enough for humans to send their first interstellar spacecraft to.”
Below: A beautiful scene and an exciting dream. Artist's vision of what the new world might look like. This
picture has enjoyed wide circulation in the media and on the internet. It assumes that Proxima b is a terrestrial
planet with, like the Earth, a thin atmosphere in which drift masses of water droplet/ice clouds. From here,
Proxima would appear 2.9 times wider than our Sun in our sky, but that's still smaller than our Earth from the
Moon, where an astronaut could cover it with his thumb. The two other suns of the system lie so far away that
they are merely bright stars against the twilight. Image credit: ESO/M. Kornmesser.

References: Anglada-Escude, G. et al. (2016).
Nature 536: 437-440. Barnes, B. et al. (2010).
arXiv:1012.1883v1 [astro-ph.EP] 8 Dec 2010. Barnes,
R. et al. (2016). arXiv:1608.06919v1 [astro-ph.EP] 24
Aug 2016. Coleman, G. A. L. et al. (2016).
arXiv:1608.06908v1 [astro-ph.EP] 24 Aug 2016.
Driscoll, P. E. & Barnes, R. (2015). Astrobiology 15:
739-760. Haberle, R. et al. (1996). In L. R. Doyle
(Ed.). Circumstellar Habitable Zones. Proceedings of
the First International Conference pp. 29-33. Menlo
Park, CA, U.S.A.: Travis House Publications. Hatzes,
A. P. (2016). Nature 536: 408-409. Heath, M. J. et
al. (1999). Origins of Life 29: 405–424. JontofHutter, D. et al. (2015). Nature 522: 321-323. Joshi,
M. M. et al. (1997). Icarus 129: 450-465.
Khodachencko, M. L. et al. (2007). Astrobiology 7:
167-184. Lammer, H. et al. (2007). Astrobiology 7:
185-207.
Lissauer, J. J. et al. (2013).
arXiv:1303.0227v2 [astro-ph.EP] 14 Jun 2013. Ribas,
I. (2016). arXiv:1608.06813v1 [astro-ph.EP] 24 Aug
2016. Scalo, J. et al. (2007). Astrobiology 7: 85-165.
Tarter, J. C. et al. (2007). Astrobiology 7: 30-65.
Witze, A. (2016). Nature 536: 381-382.

Threat of huge
earthquake for
Bangladesh.
------ Indo-Burman Range

Above: Bangladesh and adjacent regions. Image obtained with the Moderate Resolution Imaging
Spectroradiometer (MODIS) on NASA's Terra satellite. November 9, 2011.

A recent study from the Lamont Doherty Earth
Observatory has highlighted how the geological history of
a region can add to the complexity of the environmental
challenges facing human communities at the present
day. We outline it in this issue because it underlines a
fact that we aim to communicate to planners and public
alike - planetary stewardship, if it is going to be a
meaningful concept, must draw together contributions
from many diverse disciplines into an overall picture.
Situated at the confluence of the Ganges, Brahmaputra
and Meghna Rivers, Bangladesh (left) is no stranger to
disastrous flooding. Looking to the not too distant
future, this low-lying country is faced with the prospect
of major population displacements as sea levels rise. A
study published in July year raises a new spectre, the
possibility that the geological history of the area has set
the stage for a vast humanitarian tragedy, which might
involve no less than 140 million people.
Bangladesh is lightly toned in map at right.

Modfied after Wikipedia.

Left: Image of India and Sri Lanka taken from
Gemini 11 on September 14, 1966.

“an underappreciated hazard in one of
the most densely populated regions of
the world.” Steckler et al. (2016).
India is a fragment of the former supercontinent of
Pangaea. It has puzzled geologists by the estimated
speed of its northward drift towards Eurasia after it
broke free. For a period of 20 million years, it was
travelling at 140 mm yr−1, which is 50 to 100% faster
than plates are converging today.
Oliver Jagoutz of the Massachusetts Institute of
Technology and co-workers (Jagoutz et al., 2015)
argued that India moved so rapidly because the crust
of the Tethys Ocean was being subducted (dipping
down into the mantle) in two subduction zones, one
behind the other. A study released by MIT in 2013
envisaged India ramming into a chain of islands about
50 million years ago (Myr) and finally colliding with
and beginning to be thrust beneath Eurasia from 40
Myr (about 10 Myr later than has been thought). The
collision was responsible for the rise of the Tibetan
Plateau and the 2,400 km-long arc of the Himalaya
Convergence and crustal shortening continue today.

The great rivers presently bring down every year
over a thousand million tonnes of sediment from
the erosion of the highlands. The crust is now
sagging under the weight of 16 to 20 km of
deposits. The continental shelf has grown seawards
by 300 to 400 km since the Eocene Period (56.0 to
33.9 Myr ago), when India collided with Eurasia.

Along the margin with Myanmar (Burma), there is highly oblique motion (related to the formation
of the Indo-Burman Fold Belt) between the Indian and Eurasian plates, taken up on various
faults. The complex processes involved were investigated by Michael Steckler (Lamont Doherty
Earth Observatory of Columbia University) and colleagues, with crustal movements determined
by GPS measurements. Data are consistent with continuing subduction of the Indian Plate
beneath Myanmar. The plate is presently locked in its downward movement, which means that
strain is presently building up. When the plate breaks free, there could be an earthquake of Mw
8.2 to 9.0. The chart above (Chris Small, Lamont-Doherty Earth Observatory) shows an area of
about 60,000 km2 which could be displaced in an earthquake event (dashed line represents
possible movement on a different fault). The paper was published in Nature Geoscience and the
implications were discussed in Science Daily.

No massive earthquakes have occurred during the 400 years for which records
exist and if four centuries of strain were to be released in a single jump, the
land could be displaced horizontally by 5.5 m. Depending on how long strain
has been building up, this could be as much as 30 m.

The earthquake could occur in the near future, or in centuries to come.
The uncertainty adds to the problem of preparing human communities to deal with the aftermath.

Online source Science Daily carried a chilling
quote from Syed Humayun Akhter of Dhaka
University: "All the natural gas fields, heavy
industries and electric power plants are
located close to potential earthquakes, and
they are likely to be destroyed. In Dhaka,
the catastrophic picture will be beyond our
imagination, and could even lead to
abandonment of the city."
He warned also that the rivers, 15 km wide in
places, could shift their courses with disastrous
consequences. Geologists fear that adjacent
countries would also be hit hard if their worst
case scenario became reality.
Views of Bangladesh left, From top: Farm in Ganges
Delta. (Arne Hückelheim CC BY-SA 3.0. Oct. 16, 2010).
Dhaka, with 17 million inhabitants, one of the largest
cities of the Bengal region. (Hafrul at ms.wikipedia. CC
BY-SA 3.0. Dec. 9, 2007.) Gulshan economic centre,
Dhaka. (Ahnaf Saber CC BY-SA 4.0. April 27, 2016).
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