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News from the Ecospheres Project.

A daring NASA mission to seek life
on a distant icy moon may include
an experiment that we called for.
In a paper to the Europa Ocean Conference in 1996, we argued that if plumes of water vapour
were escaping through the icy outer shell of Jupiter's moon Europa, they might be carrying
microbes or biosignatures from the ocean beneath – and they might be picked up by an orbiting
spacecraft. Our prediction may come true. Following recent evidence that Jupiter's moon Europa
is emitting plumes of water vapour into space, NASA has now indicated that it may include a
plume-sampling experiment in a future Europa mission (page 11).

NOAA claims 2nd warmest, NASA warmest September on record (p. 9).
Front page picture: As evenings draw in, days become colder and the yellow hues of
autumn tinge the trees of South East England, Antarctica is enjoying lengthening
spring days. Bathed in bright sunlight, an iceberg is calving from the 60 m high front
of Antarctica's Getz Ice Shelf on Nov. 5, 2016. Credit: NASA/Dick Ewers.

Review: Earth magazine hits the newsagents.
We discover in the first sentence of the editorial that this
new, glossy BBC magazine, whose launch coincides with the
new BBC TV series “Planet Earth II,” promises a very similar
mix of topics to that tackled over the last four years here in
Prime Meridian. It will visit Antarctica, Jupiter and even, we
are promised, “the fascinating dramas afoot in the gardens
and hedgerows of Britain.”
This wide spectrum of interests speaks for something of a reintegration of sciences that we are seeing in the 21 st Century. The
sheer volume of material published in science journals requires
scientists to undergo specialisation, but there are, at least in my
own experience, no longer the well-defined boundaries between
subject areas that we once saw.

I have always favoured an integrated perspective and recall the resistance that this often
generated, back in the last Century. Sometimes, exploring the overlap between disciplines, one
was left feeling that one had cheekily climbed over a fence and trespassed on someone else's
territory. Worse, cross a boundary and one was a dillettanti. I remember students and lecturers
whose scepticism about the role of a comet or asteroid in bringing an end to the era of dinosaurs
seemed as much to do with it having arrived from another subject area as from outer space.
Knowledge, however, is a continuum, not a series of unrelated islands.
Earth is packed, as one might expect, with beautiful photos of exotic places and their plants and
animals. There are updates about pressing environmental issues, such as plastic in the oceans
and the mass slaughter of elephants by poachers. NASA, meanwhile, is working with the Bermuda
Institute of Ocean Sciences to investigate the health of coral reefs.
There is an awareness of cutting edge developments, with articles looking at the implications of
restoring the woolly mammoth from recovered genetic material and at how the study of other
species may assist in the effort to reverse the human ageing process.
There is also a regular night sky feature, provided by Maggie Aderin-Pocock. Amongst the treats
offered on the front cover was the “Search for life on Jupiter's moon.” This was my first stop
after reading the introduction from Editor Celia Woolfrey. The article was predicated upon the
likely existence of an ocean at some depth beneath the icy outer shell of Jupiter's second moon
Europa, one of the four planet-sized natural satellites reported by Galileo in 1610. The writer
had spoken with Cynthia Phillips who heads NASA's Europa Project and Jill Tarter and Bill
Diamond of the SETI Institute. The article could all-too-easily have been sensationalist, but it
adopted an appropriately restrained stance. Phillips does not flag up the mere presence of liquid
water (essential to all life-as-we-know-it) as sufficient, but rather emphasises the possible
presence on the sea floor of hot water vents, like those on Earth that provide chemical nutrients
to support food chains.
An integrated perspective of the sciences will serve us well, not only as we explore new worlds,
but also as we seek a better understanding of our home planet and work to devise means of
mitigating the impact of climate change on human communities.
Potentially technical issues are explained in a style that's accessible to the layperson and Earth
should be welcomed by teachers and professional scientists alike for its contribution to the
public understanding of science. Earth magazine and Planet Earth II will capture the imagination
and help to inspire a new generation of scientists.
Martin Heath

The turn of the seasons around West
Kingsdown Kent (left). From the green of
summer to the yellows, browns and bare
branches of autumn. The top picture (P.
Stanford) was taken on the day of the
autumnal equinox, September 22, 2016.
The others were taken on October 9 and
29 and November 14.

Climate education versus denial.
Widepsread concern has been expressed
about the coming inauguration of an
administration in the USA headed by a
president who has denounced humancaused global warming as a fraud.
Recent snatches of conversations between
the public and radio phone-in hosts raise
some very serious questions about the
public understanding of climate science.
We hear very authoritative-sounding callers
or interviewees – intelligent, eloquent and
seemingly well-informed, claim definitive
refutation of global warming. All very
convincing, perhaps, for the non-scientist.
Some even pronounce ex cathedra that
CO2 is not even a greenhouse gas. Not a
few callers doubt that the Apollo Moon
missions ever happened. A caller to a UK
show was even refusing to believe that
satellites exist (otherwise we would have
seen them cross the face of the Moon).
How representative are these callers of the
broader public? That is hard to say, but
they remind us that what people believe is
often determined not so much by an indepth understanding of the scientific
background, but by cultural factors; by
which side of a political and ideological
fence one comes down on.
Global warming deniers insist believers are
sheep, led astray by scientists who have
jumped on the band wagon for fear of
looking out of step, or because they need
to pay off their mortgages. Deniers are
castigated by believers for their lack of
scientific knowledge. Yet, sadly, one also
meets climate campaigners who have little
real understanding of either the science, or
the way in which the scientific process
works. It's tempting to smile indulgently
and say “Well, at least they're believing
the right things,” but effective climate
action and genuine citizen involvement will
require that the science is familiar to
electorates and policy makers alike.
Prime Meridian team.

Seasons in South East England

September, 2016

Above: Woods and hedgerows are
still green as the summer draws to a
close. Near West Kingsdown, Kent.
September 25, 2016.

The UK's second warmest
September on record was
sunny, with less than half
the normal rainfall.
For the UK as a whole, the Met
Office reported a provisional
mean temperature of 14.6oC
(2.0oC higher than the 1981-2010
mean). It was the 2nd warmest
September in a record extending
back to 1910. Rainfall was 103%
and sunshine 95% of the mean.
The mean temp. for England was
15.9oC (2.2oC above the norm)
and in the Met Office's England
SE & Central S region, it was
20.9oC (2.0oC above the norm).
The highest mean temp. was for
East Anglia, namely 21.7oC (2.7oC
above the norm).
Left: The descending Sun pours
through a window of the library of
Lambeth Palace, home of the
Archbishop of Canterbury, on the
first day of the month. Bird's foot
trefoil (Lotus corniculatus). In a
grassy area on the hill top at
Crystal Palace park, South London.
Afternoon of Sept. 1. The tree
canopy is still closed and green
and the floor of a wood near West
Kingsdown, Kent, is rather gloomy
on a dull day. Sept. 6. Right:
Cabbage white feeds on flower of
lucerne along the margin of a field
near West Kingsdown. September
6. Great mullein (Verbascum
thapsus) along the field margin.

Above and left: The rather gloomy afternoon of Sept. 6,
near West Kingsdown, Kent. Sheep gather in field;
blackberries in all stages of ripening and the foliage of
a beech tree heavy with nuts. Sept. 10: view across the
same fields on a wet afternoon. Below: South London.
Snail crawls across a surface wet from rain, Sept. 10.
Sept. 11, Balloons escape from party into a cloudless
sky. Late on Sept. 19, a streetlight catches rain
droplets on a car roof.

On Sept. 3 there was a gust of about 100 km per
hour at Needles on the Isle of Wight. 5 mm of
rain fell at Heathrow. 3 mm fell on Sept. 5 and
again on Sept. 7. The latter date saw the
temperature reach 29.3oC at Gravesend in Kent
and about 28oC at Heathrow. At Heathrow, the
month's lowest temperatures, of less than 9 oC,
were recorded on Sept. 4 and 11, whilst on
Sept. 6, the lowest temperature felt at
Heathrow was 20oC. On Sept. 11, there were
12.3 of sunshine at Shoeburyness in Essex and
the following day, temperatures hit the mid 20s
o
C in the SE.
The Met Office reported that on Sept. 13 humid
air from France and Spain arrived in the UK.
The temperature at Gravesend in Kent (34.4oC)
was not only the highest recorded September
temperature since 1911, but also the UK's
highest temperature for 2016. At Heathrow, the
temperature, its highest of the month, rose to
around 33oC.

Above: Sept. 19. Along a hedgerow near West
Kingsdown, Kent, ivy (Hedera helix) and elder
(Sambucus nigra) had come into fruit. Right: A line
of the iconic tree London plane (Platanus x
acerifolia) sweeps in summer foliage along the
Embankment on the northern side of the Thames
beneath a clear sky. Sept. 14. Cumulus clouds cover
London on Sept. 22, the day of the autumnal
equinox. Both views taken from Waterloo Bridge. A
hedgerow near Ash, Kent has been trimmed back in
a business-like fashion to keep a lane clear for
agricultural vehicle access.

On Sept. 13, rain and thunderstorms caused
flooding in Manchester and Cornwall, but in
our region, no rainfall was recorded at
Heathrow, Greater London.
However, on Sept 15, the SE was hit hard by
rain. The Met Office reported that this day
saw thunderstorms across the SE where
“very intense bursts of rain led to localised
surface water flooding impacts being
reported across the Thames Valley, north
London, Surrey and Hampshire, with road
closures and disruption to the rail network.
On the morning of the 16th, very heavy rain
caused localised property flooding and
lightning damage, and affected road and
rail links in the south-east. A train was
derailed near Watford Junction after
flooding caused a landslide at the mouth of
a tunnel, causing many train cancellations
from Euston. Trains to and from Paddington
station were also disrupted due to power
and signalling problems, and Didcot
Parkway and Newbury stations were
flooded.” Amersham in Buckinghamshire
received 49.2 mm of rain.
Sept. 16 saw widespread thunderstorms in
the SE and it stood out dramatically in the
Heathrow record as a day of intense rain,
with 22 mm recorded. Meanwhile, 48.0 mm
of rain fell at Manston in Kent, where there
were flash floods.

The photographs on this page were taken in Kent, on
the sunny afternoon of Sept. 25, 2016. Above, we see
green leaves of comfrey (Symphytum officinalis)
sprouting along the base of a hedgerow beside the
grounds of St. Peter's and St. Paul's, at Ash. At right,
along a hedgerow near West Kingsdown, Old Man's
Beard (Clematis vitalba) named for the hairy plumes of
its ripe fruits, has scrambled over a hawthorn
(Crategus monogyna) full of red berries. Red berries
also cover a rowan tree (Sorbus aucuparia) near New
Ash Green. Below: A valley and woodland near Ash.

Lower temperatures now began to creep in. On
Sept. 17, the temperature at Heathrow could not
struggle as high as 16 oC. The UK's minimum
temperature was barely above freezing (0.1oC), but
this, as would be expected, was experienced far
outside our region (Sept. 22 at Katesbridge, County
Down; Sept. 26 at Aboyne, Aberdeenshire). During
the night, on Sept. 23, the temperature dropped to
2.4oC °C at South Newington in Oxfordshire, but,
although it fell sharply from preceding nights, it
remained near 9oC at Heathrow, as on Sept. 27.
Monthly means for SE and central S England. Max. temp.:
20.9oC (2.0oC); min. temp.: 12.5oC (2.4oC). Hours of
sunshine: 137.5 (92%). Rain: 47.6 mm (77%). Anomalies
re. 1981-2010 norm in brackets.
Data in this article have been derived from online publications by the UK
Met Office, with Heathrow data from WeatherOnline.

A fiery 350th anniversary.
The 1666 Great Fire of London
broke out in the early hours of
Sept. 2, in Pudding Lane, after
a maid omitted to put out an
oven in the shop of King's baker
Thomas Farriner. The London
Gazette reported that the fire
was spread rapidly by a violent
easterly wind. Too little was
done to halt the fire by pulling
down buildings in its path. The
fire raged until Sept. 5.
Among events staged by the
Artichoke Trust were images
projected onto the dome of St
Paul's, a fire garden beside the
Tate Modern, and a replica of
Charles II's London set ablaze
on a barge (TV coverage left).
The fire saw the end of the
much-loved Old St Paul's (seen
in replica at lower left with
the London Eye and National
Theatre, lit in red). The Fire
enabled Sir Christopher Wren
(1632-1723) to design many
new buildings, including the
present St Paul's.

Global climate: NOAA claimed 2nd warmest, NASA warmest September since 1880.
According to the USA's National Oceanic and Atmospheric Administration, September 2016 broke
2016's remarkable trend for each month to be the warmest in a record commencing in 1880.
“The combined average temperature over global land and ocean surfaces for September 2016 was
the second highest for September in the 137-year record, 0.04°C (0.07°F) cooler than the record
warmth of 2015. A few months after the end of one of the strongest El Niños in at least the past
half century, this month effectively snapped the 16-month streak of record warm monthly global
temperatures.”
The global mean temperatures for land plus ocean was +0.89 ± 0.15 oC above its September mean,
the second highest on record after 2015. The oceans, at 0.74 ± 0.14oC above the mean, were
also their second warmest on record after 2015. meanwhile, land areas taken globally, were
their warmest on record at 1.29 ± 0.23oC above the norm.
In the Northern Hemisphere, the combined mean
temperature for land and ocean was 1.14 ± 0.15 oC
above the mean, the highest on record, as also
was the temperature anomaly, for the land, which
was 1.53 ± 0.19oC above the norm. The oceans, at
0.91 ± 0.14oC above the mean, were their 3rd
warmest, with 2015 as the warmest.
In the S. Hemisphere, the mean combined land and
ocean temperature (0.62 ± 0.15oC above the mean)
was the 6th highest on record. The ocean (0.61 ±
0.15oC above the norm) was the 2 nd warmest for
September after 2015. The land (0.65 ± 0.14 oC
above the norm) was merely the the 21st warmest
for September with 2014 as the warmest.
Source: NOAA National Climatic Data Center, State of the
Climate: Global Analysis for September, 2016. Published
online. Data is provisional.

Above right: Planet Earth on the day of the Northern Hemisphere's autumnal equinox. September 22,
2016 at 09:46:09 GMT. This was a day that saw South East England battered by strong winds.
NASA/NOAA.
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Right: Wheat field near Ash, Kent after the harvest, September 25, 2016.

In contrast to the NOAA results, a study at the NASA Goddard Institute for Space Studies (New York, USA)
concluded that September 2016 had been the warmest on record, 0.91 oC warmer than the 1951-1980
average and beating 2004 by 0.004 oC – a statistical tie. Gavin Schmidt, Director of GISS stated: “Monthly
rankings are sensitive to updates in the record . . . while monthly rankings are newsworthy, they are not
nearly as important as long-term trends.” GISS re-analysis, including mid-Winter data from the South
Pole, demoted June 2016 from warmest June on record to 3 rd place behind 2015 and 1998. Climate
scientists continue to anticipate that 2016 will be the hottest year since the record began in 1880. NASA
GISS's monthly temperature analysis: data.giss.nasa.gov/gistemp.

Above: This was the first colour image processed by Laurance Doyle, when he was part of the team at
NASA's Jet Propulsion Laboratory. The dramatic close-up view of Jupiter and two of its planet-sized
moons (Io left and Europa right) was returned from NASA's Voyager 1 on February 13, 1979. It turned
out to be one of those classic images of pioneering space exploration that brought science fiction to
life.

Snatching a free gift from an alien ocean? Part I.
Martin Heath & Laurance Doyle.

As NASA talks about a mission that could sample
plumes of water vapour and entrained particles
escaping from under the icy shell of the moon
Jupiter II (Europa), we recall how we suggested
such a mission two decades ago. We cast a
sceptical glance backwards at our original
proposal and we ask what the future might hold.

Europa is a small world hiding an ocean
twice as massive as that of our Earth
beneath a fractured icy shell whose
temperature ranges from -160oC at the
equator to -220oC at the poles.
When NASA's Voyager 1 and 2 swept through Jupiter's
system of moons in 1979, they revealed the true
characters of the four moons discovered in 1610 by
Galileo Galileo (1564-1642) observing with his
primitive telescope at Padua. They have since
become a favourite target for amateur astronomers.
Right: Image of Europa compiled from NASA's Galileo mission
in 1990s and issued after re-processing in 2001 and 2014.

Our Earth has a mean radius of 12,742 km and our Moon 3478 km. The Moon's mass is 0.0123 that of the Earth.

With the arrival of the Voyager spaceprobes, the worlds that astronomers had been watching for
centuries as little more than points of light circling the distant gas giant Jupiter could finally be seen
for the impressive and intriguing bodies that they were.
Taking them in order of distance from Jupiter, Io (3643 km across and 1.2 times the mass of our
Moon) is flexed regularly by tidal influences from Jupiter, Europa and Ganymede, was a highly
volcanic rocky body, much more geologically active than the Earth. Europa (3122 km wide and 0.65
the mass of our Moon) had an icy shell scarred by occasional impact craters, but no signs of an early
intense bombardment of Solar System bodies that we see, for example, on our own Moon. The
surface of Europa must be sufficiently active to destroy the traces of craters. Ganymede (5268 km
across and 2.0 times as massive as our Moon), the largest moon in the Solar System, was another icy
world. It retains numerous craters, but its surface had been disrupted by geological activity. Callisto
(4821 km across and with nearly 1.5 the mass of the Moon) showed a profoundly cratered icy surface.
If Io, with its super-active geological activity was a treat for the geologists, Europa tantalised the
biologists. It was soon realised that tides created by the gas giant Jupiter and Europa's neighbour
moons Io and Ganymede should generate sufficient internal heat for this modest-sized moon to
maintain an ocean beneath an outer shell composed largely of water ice.
A team of US scientists, Steven Squyres and co-workers R. T. Reynolds, P. M. Casen and S. J. Peale
(1983) published a significant paper in which they estimated that Europa, with a significant input of
tidal heating, had an ocean at least tens of kilometres deep overlying the silicate body of the moon.
The ocean was topped by an icy shell averaging no more than 10 km thick. Later observations from
space craft on the way in which Jupiter's magnetic field changes in the vicinity of Europa confirmed
that it has a deep sub-surface salty ocean (Khurana et al. 1998; Kivelson et al. 2000; Zimmer et al.
2000), but debate continues about how thick the icy shell actually is.

A way to sample life without having to land, drill, or send down a submarine?
Europa would not have appealed to most biologists before the Voyager era. It orbits 670,900 km from
the centre of Jupiter, which it circles every 3.55 days, with tides keeping the same face always peering
towards the banded cloud-scape of its gas giant parent, 318 times more massive than the Earth. Jupiter
averages 5.2 AU (an Astronomical Unit is the average Earth-Sun distance of 149.6 million km) from the
Sun. This means that on Europa, the Sun will appear less than one fifth its diameter in our skies and the
intensity of sunlight on Europa's surface will be a feeble 3.7% that reaching the Earth. Its surface was
going to be deathly cold and bathed in high energy charged particles from Jupiter's magnetosphere.

Above: A swathe of Europa's icy surface reveals evidence of complex geological activity that has
challenged geophysicists to devise explanations. Are there any opportunities for ocean waters to
penetrate the icy shell? NASA/JPL-Caltech/ SETI Institute.
If Squyres and co-workers had piqued the interest of biologists with their claim of an ocean, Ray T.
Reynolds, S. W. Squyres, D. S. Colburn and Chris P. McKay laid down the gauntlet with another paper

which had the mind-stretching title of “On the habitability of Europa.” It raised exotic possibilities.
This was the paper that captured our interest.

Reynolds and colleagues (1983) argued for a bold hypothesis. Europa has no real atmosphere, just traces
of gases and regular fracturing in Europa's icy shell would enable water to vaporize as it was exposed to
the hard vacuum of space. When sufficient energy of vaporisation had been lost to freeze a layer 50 cm
deep, the pressure of overlaying ice under Europa's gravity would equal the vapour pressure of water at its
freezing point and the production of vapour would cease. Ice would now thicken, to 10 m in 1,000 days.
Calculating how much light would pass through 50 cm of bubbly ice underlain by thicker clear ice, they
decided that there would be enough light to sustain photosynthesis by suitable organisms living under the
ice. It had been discovered that diatoms (one celled plants encased in silica shells) caught in Antarctic sea
ice are able to photosynthesise at or below 0.05 % surface light.
This was heady stuff. If the surface of Europa could rupture, then plumes of water vapour could be
blasting microbes high above the surface. An orbiting space craft could pass through these plumes and
sample their contents. It wouldn't have to land and this would reduce the risk of contaminating Europa
with life from Earth (assuming that any could survive de-contamination procedures and the journey).
This was the very simple idea that we knocked up into a paper and one of us (Heath) presented at the
Europa Ocean Conference, at San Juan Capistrano in southern California in 1996.
It was met with scepticism by Paul M. Schenk of the Lunar and Planetary Institute, who insisted that he
had not seen a credible plume emerging from Europa. The late Eugene Shoemaker(1928-1997), celebrated
pioneer of planetary science, put up a gentlemanly defence of our idea, saying that he had seen features
in Voyager images which might well be plumes. There the matter rested for many years. The Europan shell
might simply be too thick for meaningful exchange of surface and deep ocean material (Schenk, 2002).
The notion of Europan plumes remained unproven and a very proper matter for scepticism. As we shall
discuss in Part II, however, the possibility would be re-visited in 2014.
References: Heath, M. J. and Doyle, L. R. (1996). Accessability of Europan Organisms. Presentation to Europa Ocean Conference,
Nov. 12-14, 1996, San Juan Capistrano Research Institute, San Juan Capistrano, California, U.S.A. . Khurana, K. K. et al. (1998).
Nature 395: 777–780. Kivelson, M. G. et al. (2000). Science 289: 1340-1343. Reynolds, R. T. et al. (1983). Icarus 56: 246-254.
Schenk, P. M. (2002). Nature 417: 419-421. Squyres, S. W. et al. (1983). Nature 301: 225-226. Zimmer, C. et al. (2000). Icarus
147: 329–347.

