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Bare branches and a tangle of ivy
are silhouetted against a misty
landscape and the descending Sun.
Dec. 27, 2016. West Kingsdown,
Kent, South East England.

As 2016 drew to a close, climate scientists anticipated that it will turn out to have been the
warmest year in a record extending back to 1880. Human activity has continued to release
huge quantities of greenhouse gases into the atmosphere and the USA's Earth System
Research Laboratory has reported that the average carbon dioxide level at their Mauna Loa
site for the week beginning December 18, 2016 was 404.52 ppm. For the same week in 2015
it was 402.63 ppm and 382.14 ppm for 2006. Climate change looms ever larger as an urgent
political priority, but we enter 2017 with big question marks hanging over the committment
of policy-makers to tackle this and many other of our civilisation's major problems. Each and
every one of us, whether we are a research scientist, a science communicator, managers of
areas set aside for ecology, campaigner, or simply a member of the human species, has a
duty to continue to speak up for our beautiful planet Earth. Good luck!

Top left: The Hawaiian island chain. From International
Space Station Expedition 38. Jan. 18, 2014. NASA.

From Hawaii to the poles.
Talk of London and Christmas brings to mind
Dickensian images of snowy rooftops and narrow
streets, but the reality is that South East England
generally misses out on a white Christmas. Snow
falls are not unusual, however, on the upper
slopes of the giant shield volcanoes that compose
the large island of Hawaii and NASA's Earth
Observatory website has published images taken on
December 25, 2016 by the Operational Land Imager
(OLI) aboard the Landsat 8 satellite. Snow was
deposited on Dec. 18 by a storm whose moisture
had come from the tropical Pacific. The summit of
Mauna Kea stands 4205 m above sea level and that
of Mauna Loa, 4170 km. From Mauna Loa, regular
measurements are made of the concentration of
CO2 in the air at an altitude of 3400 m.
Measurements of CO2 here were begun by C. David
Keeling of the Scripps Institute of Oceanography) in
March 1958. The USA's National Oceanic and
Atmospheric Adminstration has conducted parallel
measurements here since 1974. These data have
documented an ongoing rise in CO 2 as a proportion
of the total number of air molecules from less than
320 to over 400 parts per million in roughly six
decades.

Rising CO2 and the loss of Arctic sea ice.
The relationship between the amount of CO 2
greenhouse gas in our atmosphere and the impact
on the Artic environment was explored in a
recently published study carried out by Dirk Notz
of the Max Planck Institute for Meteorology,
Hamburg, Germany and Julienne Stroeve of the
USA's National Snow and Ice Data Center, Boulder,
CO, USA and University College London, UK.
They concluded that there was a simple linear fit
between CO2 and ice loss and that previous models
had underestimated the sensitivity of the Arctic's
floating ice cap. They found that for every tonne of
CO2 added to the atmosphere, 3.0 ± 0.3 m2 of ice
would be lost. The average from previous models
was 1.75 m2 per ton.
When the area with 15% coverage by sea ice
dwindles during the summer melt season below 1
million km2, climate scientists will take that as
being its effective disappearance.
Notz and Stroeve predicted that: “For current
emissions of 35 Gt CO2 per year, the limit of 1000
Gt will be reached before mid-century”
Notz, D. & Stroeve, J. (2016). Science 354: 747-750.

Winter solstice 2016
December 21, West Dulwich, South
London: Following light rain, a low
Sun managed to break briefly through
a grey overcast at around 14:00 GMT.

On December 21, the Northern Hemisphere passed through its shortest day, when the Sun lay at
its most southerly latitude. The view below (re-labelled Stellarium image) looks towards the Sun
with the atmosphere and its scattered glare removed. The Sun lay in the constellation of
Sagittarius, as did the planet Mercury. Saturn was passing through the non-zodiacal constellation
of Ophiuchus, which, in the charts astronomers use, intrudes into the astrologers' zodiac.

Meanwhile, at the South Pole, it was Mid-Summer's day, when the Sun reached its highest altitude for
the year. From now on, each circuit of the sky will see it fall progressively lower until, at the
Northern Hemisphere's Spring Equinox, it will finally fall below the horizon, not to rise again for half
a year. The image at left, showing the continent of Antarctica in sunlight (we would see the bright
upper surfaces of clouds), was obtained by the DSCOVR satellite at14:51:37 GMT. The image at right is
from the South Pole webcam (USA's National Oceanic and Atmospheric Administration & National
Science Foundation) showing the Amundsen-Scott Station (Dec. 21, 17:05:04 GMT). At the time it was
taken, a grey gloom and overcast pervaded the snow-bound landscape.

Above: Images from NASA's Solar Dynamics
Observatory at 17:00:00 on Dec. 21. Solar activity
peaked twice (2011 and 2014) in the weakest
cycle in over a century and Dec. 21, 2016 saw few
sunspots. They were small and unlikely to erupt
with major flares. Left: SDO image at 17:26:30
UT/GMT, at the wavelength 193 Å (far ultraviolet)
at which light is emitted by the ions Fe Xii and
XXIV. This reveals our star's extremely tenuous
outer atmosphere or corona. This is at a
temperature of millions of degrees, but is so
tenuous that its heat content is too small to
influence climate on Earth. The dark areas are
major coronal holes, where the Sun's magnetic
field opens into interplanetary place and streams
of high velocity particles can stream away in the
solar wind. Earth had begun to encounter their
output by December 20, continuing over the
Christmas period with solar winds up to 600 km
per second and spectacular aurora displays.

The November Full Moon (Nov. 14, 2016) was a socalled “super-Moon,” with the Moon around the
closest point in its orbit to Earth (in this case, its
closest point was 356,508 km). This was the closest
Full Moon since January 1948, although that of Jan.
1912 was 100 km closer. That of November 2034 will
also be closer. Left: The Moon rose huge over the
Thames on Nov. 13.
Below: The planet Venus is now a brilliant sight in
the twilight winter sky. Crescent Moon and Venus
(very faint) emerging shortly after sunset (lower left)
and in a darker sky (below) on Dec. 3, 2016. Note
Earthshine on the part of the Moon unlit by the Sun.

Seasons in South East England

November, 2016

Above: A grey sky looks down on bare fields
surrounded by yellowing woods and hedgerows on
November 12, 2016. Near West Kingsdown, Kent.

Sunnier, but a colder November than usual.
For the UK as a whole, 130% of normal
sunshine was received (3rd sunniest November
in record since 1929), yet the mean
temperature was 4.9oC (1.3oC below the 19812010 mean). For England as a whole, the
mean temperature was 5.7oC (1.1oC below the
norm), whilst the Met Office region SE &
Central S saw a mean temperature of 6.4 oC
(1.0oC below the norm). The month's highest
temperature (19.0oC) was noted outside our
region at Cardinham in Cornwall on the first
day of the month. At Heathrow (Greater
London) that day, it did not manage 13oC.
Right: Fog gathers in the low lying ground of
Dulwich Common, South London. This view was
taken not long after midnight on the first day of
November. Towards evening of Nov. 1, candles are
lit in the chapel of King's College London to
prepare for the service of All Souls Day. Below: The
Sun shines down through the woodland of silver
birch (Betula pendula), Beacon Wood, Bean, Kent.
Nov. 5, 2016.

Above: November 5, 2016. The Sun falls towards the
horizon. Seen from the margins of Beacon Wood, Bean,
Kent. Traditional UK fireworks night and bonfire. The
crescent Moon peers down through cloud. New Ash
Green, Kent.

Over the whole UK, rainfall was well down at
89% of its usual amount, but in our region it was
essentially normal, despite intense showers. 5
mm of rain were received at Heathrow on
Nov.4, but the greatest rainfall recorded at that
locality during November was 21 mm on Nov.
10, when a notable downpour kept wildlife
volunteers indoors at Belair Park, South London.
The lashing rain had abated by the time that
the photo (left) was taken.
Left: Fly agaric (Amanita muscaria) poking up through
leaf litter on the floor of Beacon Wood, Bean, Kent.
Nov. 5. Downpour at Belair Park, South London disturbs
a lake surface on which oak leaves are floating. Nov.
10.
Below: Bare fields, yellow and bare hedgerow trees and
fallen leaves near West Kingsdown, Kent, Nov. 12.

Above: Autumnal wood near West Kingsdown, Kent.
Nov. 12. Cenotaph in Whitehall, London, on evening
of Remembrance Sunday, after wreath laying by
Queen and Government. The bleak November light
spills down the cold flagstones between the pews in
St Peter & St Paul's Church, Ash, Kent. Nov. 14.

At Heathrow, the temperature finally dipped
below freezing (to about -1 oC) on Nov. 8, but
this was not repeated again until the end of
the month. The highest temperature
recorded on Nov. 8 was just under 6oC, a
rather chilly day at best. The next notably
cold day, Nov. 19, saw the air temperature
fall not quite as low as 1 oC at Heathrow.
Frost appeared on cold surfaces in London's
suburbs. About 9 mm of rain fell at
Heathrow on Nov. 12 and 5mm on Nov. 16.
The UK's Met Office noted that: “On the
19th, as Storm Angus approached from
the south-west, Eurotunnel and channel
ferry services were disrupted due to
weather. There were reports of damage
to roofs and scaffolding across Kent and
East Sussex, flooding was reported on the
A20 and A2 in Kent, and some local roads
were closed due to flooding and fallen
trees. . . . Storm Angus moved into
southern areas on the 20 th and strong
winds gusted to 70 mph [nearly 103 km
per hour] in exposed coastal areas”.
Right: Yellow hedgerow and puddled lane near
Church at Ash. Nov. 14. In the early hours of Nov.
19, an overnight frost gleams on the windscreen and
roof of a car, South London. During the afternoon of
that day, the Sun struggled weakly through high ice
clouds. Below: Autumnal woodland near West
Kingsdown, Kent, on Nov. 19.

Above and left: On Nov. 25, the light of the setting
Sun throws a glow over hedgerow trees near Ash,
Kent, picking out, in particular, the reddish fruits of
spindle (Euonymus europaeus). With the Sun not long
set, on the opposite side of the sky, through the bare
branches of late autumn, was seen the “Belt of
Venus,” a pinkisk glow from back-scattered sunlight,
beneath which lies the dark shadow of the Earth.

Nov. 21 saw the UK's coldest temperature of
-12.1oC (Braemar in Aberdeenshire, Scotland),
while Heathrow's was not quite as cold as 5 oC.
As Storm Angus swept in, then another
depression, Heathrow received 4 mm of rain
on Nov. 19, 17 mm on Nov. 20 and 16 mm on
Nov. 21. The final days of the month saw the
temperature plummet. At Heathrow, it fell to
about -0.5oC on Nov. 29, followed by a cold
Nov. 30, when the highest temperature was
less than 7oC and the lowest was -4oC. Benson
(Oxfordshire) saw a harsher minimum of -9oC.
SE and central S England, Mean max. temp.: 10.1 oC (0.6oC). Mean min. temp.: 2.9oC (-1.3oC). Hours of
sunshine: 83.9 (117%). Rain: 103.1 mm (118%).
Anomalies re. 1981-2010 norm in brackets. Data in this
article have been derived from online publications by the UK Met Office
and WeatherOnline (Heathrow).

Below: The last day of November. Low Sun around
noon with frosty leaves on the ground. Advent
service, King's College, London. Frost on fallen leaves
later that night (flash).

“

Global climate: 5th warmest November on record.
Data from the USA's National Oceanic and Atmospheric Administration indicate that this was the
third month in a row that global mean temperature failed to set a new record for warmth.
Figures quoted below are departures from the norm. All anomalies are positive.
The global temperature was 0.73°C above the 20th Century mean of 12.9oC. This value was 0.23°C cooler
than the record warmth of 2015.
The global mean temperature for land plus ocean
was 0.73 ± 0.15 oC above its November mean, the 5 th
highest on record (2015 was warmest). The oceans,
at 0.65 ± 0.15oC above the mean, were 2nd warmest
on record (2015 was warmest). Globally, land areas
were their 12th warmest on record at 0.95 ± 0.21oC
above the norm (2010 was the warmest). In the
Northern
Hemisphere,
the
combined
mean
temperature for land and ocean was 0.86 ± 0.17 oC
above the mean, the 7 th highest on record (2010 was
highest). The land was 1.01 ± 0.20 oC above the
norm (2010 was warmest). The oceans (0.77 ±
0.14oC) above the mean, were their 2nd warmest
(2015 was the warmest). In the S. Hemisphere, the
mean combined land and ocean temperature was
0.60 ± 0.15oC above the mean, the 6th highest on
record (2015 was warmest). The ocean (0.56 ±
0.15oC above the norm) was the 4th warmest (2015
was warmest). The land (0.78 ± 0.15oC above the
norm) was the 13th warmest (2009 was warmest).
Source: NOAA National Climatic Data Center, State of the Climate: Global Analysis for November, 2016. Published
online. Data is provisional.

Above: The Earth on November 20, 2016 at 11:45:51 GMT, when Storm Angus was sweeping across
Britain. DSCOVR mission. NASA/NOAA.

November 2016 may not have been a record-breaker, but according to the USA's
National Oceanic and Atmospheric Administration, 2016 seems, overall, very likely to
be the warmest year in a record that began in 1880: “With only one month left in the
year, the 2016 year-to-date global temperature (January–November) was the highest on record
for this period, at 0.94°C (1.69°F) above the 20th century average of 14.0°C (57.2°F). This
value exceeded the previous record set in 2015 by 0.07°C (0.13°F). Unless the December global
temperature is 0.25°C (0.41°F) or less above the 20th century monthly average, 2016 will at
least tie 2015 as the warmest year in the 137-year record. The last month for which the
departure from average was that low was November 2000.”

The NOAA report also stated that: “Much-warmerthan-average conditions engulfed the vast majority of
the world's land surfaces, resulting in a record warm
January–November period, at 1.43°C (2.57°F) above
the 20th century average, besting the previous record
set in 2015 by 0.16°C (0.29°F).”
Left: Storm Angus passes over the North Sea, on
November 20, 2016. This image was obtained with
the Moderate Resolution Imaging Spectroradiometer
(MODIS) aboard NASA's Aqua satellite.

The Ecospheres Project & Prime Meridian.

The Ecospheres Project is a trans-Atlantic collaboration to
promote research & education. The principal participants,
astrophysicist and planet-hunter Laurance (USA) and Martin
Heath (UK), whose background is in biology and the earth
sciences, work together to explore the potential of planets and
moons to support complex life. This bridges the gap between
the focus on microbial-grade life at the NASA Astrobiology
Institute and the search for radio signals from other
civilisations being undertaken at the SETI Institute.
During 2017, we will be completing a series of papers aimed at
specialist journals, whilst pursuing potential new publishing
and media projects aimed at the popular market.

Investigation of distant worlds is an exciting venture on the
cutting edge of 21st Century science. However, our most
urgent concern must be the planet on our doorstep and the
human communities who depend upon its natural life support
systems for their welfare. Prime Meridian is our contribution
to encouraging awareness of environmental issues and the
essential role that scientific research must play in
safeguarding planet Earth's inhabitants, human and otherwise.
South East England is not merely a region through which the 0 o
longitude happens to run, but the region in which, at Greenwich
overlooking the River Thames, the prime meridian destined to be
adopted by map-makers worldwide, was defined. This newsletter
follows the cycle of the seasons in the woods, fields and
hedgerows of South East England, alongside global environmental
issues. We step back to see our Earth in its astronomical setting
and we explore the possibilities for other habitable worlds.
Editor: Martin Heath.
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The final part of our discussion about the hunt for life on Jupiter's moon Europa (Snatching a
free gift from an alien ocean?) will appear in a forthcoming issue.

