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Update from the Greenland Ice Sheet
Views of Greenland on July 26, 2016. Right: DSCOVR long shot of the Earth.
Below: Spectacular close up from the MODIS unit on NASA's Aqua satellite.

Facts and figures from the
world's hottest August on
record – page 11.

Above: A mid-morning view across the KJV Steenstrup Glacier (66°37'0"N, 35°0'0"W) during a
flight over the Helheim/Kangerdlugssuaq region of Greenland for NASA's Operation IceBridge
September 11, 2016.

This issue looks at some recent research on the Greenland Ice Sheet. We
highlight the kind of uncertainties, complexities and contradictions that arise
as an inevitable part of the process through which science advances.
As we have emphasised frequently in this newsletter, there is no reasonable doubt that human
activity, particularly the release of greenhouse gases, is a major cause of global change, but
intensive programmes of scientific research will be necessary to monitor change, to enable us to
better understand its physical mechanisms and to devise the most effective means to mitigate
impacts on human communities. Planners and politicians must recognise that our knowledge of
what is happening today and predictions of future events are imperfect and must take
uncertainties into account when framing policies.
The picture on the front page was taken at around the time that Greenland was experiencing its
most intense surface melting of the year. On July 19, some 43% of the ice surface was showing
signs of melting. However, melting was by no means as extreme as in 2012, the year that saw
Arctic sea ice shrink to its smallest recorded extent. See charts below from the USA's National
Snow and Ice Data Center/Thomas Mote, University of Georgia.

How stable is Greenland's Ice Sheet?
Some recent opinions . . . . .
If Greenland's entire ice sheet were to melt, sea level would rise by about 7 m. With present
and estimated future populations, this would displace a huge number of people. Even with
much more modest melting, the rise in sea level can only increase the susceptibility of lowlying areas to events such as storm surges or salt water creeping into water supplies.
The Low-Elevation Coastal Zone (within 10 m of sea level) comprises only 2,599,000 km 2 (1.7 %
of our planet's land area). In the year 2000, however, it supported 625 million people (10.2% of
a world population of 6.1 billion). By 2060, as many as 1.4 billion people might be packed into
the LECZ; Neumann et al., 2015).

How high would temperatures have to rise and how long would it take for
the ice sheet to disappear? Studies have thrown up major contradictions.

Are we presently near a tipping point for disintegration of the ice sheet?
In 2012, a team from the Potsdam Institute for Climate Impact Research and the Universidad
Complutense de Madrid concluded that with a 2 oC rise in temperature (above pre-industrial levels),
Greenland's ice sheet would be doomed to melt within 50,000 years. If we allow temperatures to soar
to 8oC, then we might be looking at 2,000 years. However, we might hit a tipping point beyond which
the loss of ice would be irreversible at just 1.6 oC (we have already seen a 1oC rise above preindustrial conditions). (Robinson et al., 2012 and article in ScienceDaily March 12, 2012).
I

Do past events tell us that the ice sheet is much more stable than has
generally been thought?
On the other hand, a team studying ice cores drilled through the ice sheet (Dahl-Jensen et al., 2013,
see also ScienceDaily Jan 23, 2013) concluded that during the Eemian, the last interglacial (warm
period interrupting Earth's ice age conditions) the ice sheet survived despite much warmer
temperatures than today. Around 128,000 years ago, when the Eemian began, the ice sheet in
northern Greenland was 200 m higher than at present, despite the temperature being 8 oC higher. By
the end of the Eemian, 120,000 years ago, the ice sheet was 130 m lower than today, but still 2.4 km
thick, even though the temperature was 5oC warmer than today. However, global sea levels are
believed to have been 4 to 8 m higher than now, and this research suggested that it must have been
the Antarctic ice sheet that was providing meltwater to the ocean.

How quickly is Greenland's ice sheet actually melting right now?
Aerial photos taken in the 1980s have helped scientists to estimate how much ice Greenland has lost
during the 20th and 21st Centuries. A study published on Dec. 17, 2015 concluded that ice had melted
at a rate of 75.1 ± 29.4 billion tonnes per year in the period 1900–1983, 73.8 ± 40.5 billion tonnes
per year in the period 1983 to 2003 and accelerated to 186.4 ± 18.9 billion tonnes per year between
2003 and 2010 (Kjeldsen et al., 2015; see also review by Csatho, 2015).

“Overall, our observation-based findings show that during the
twentieth century the GIS [Greenland Ice Sheet] contributed at least
25.0 ± 9.4 millimetres of global-mean sea level rise.” Kjeldsen et al. (2015).
Csatho, B. M. (2015). Nature 528: 341-343. Dahl-Jensen, D. et al. (2013) Nature DOI: 10.1038/nature 11789. Kjeldsen, K. K. et al. (2015). Nature doi:10.1038/nature16183.
Neumann, B. et al. (2015). PLOS ONE. DOI:10.1371/journal.pone.0118571. Robinson, A. et al. (2012). Nature Climate Change, DOI:10.1038/NCLIMATE1449.

Huge thermal anomaly charted:
Heating beneath the Greenland Ice
Sheet explains the origins of the
great North East Greenland Ice
Stream.
While climate scientists anxiously research the impact of
a warming climate on the Greenland Ice Sheet, studies
by geophysicists have clarified the role of geothermal
energy in warming the ice from below. Recent research
underlines the complex set of inter-connections that
comprise Earth's ecosphere (planetary scale ecosystem;
life plus its physical and chemical context) – and
therefore the need for research efforts that draw
together many disciplines that have traditionally been
regarded as separate.
In April this year, a team led by Irina Rogozhina of the
Helmholtz Centre Potsdam GFZ German Research Centre
For Geosciences) reported the discovery of a major
geothermal anomaly beneath the northern part of the
Greenland Ice Sheet. Over a zone measuring 1,200 km
long by 400 km wide (amounting to about a quarter of
the total area of Greenland), heat coming up through
the bedrock is significantly greater than elsewhere.
Their Figure 1 (with kind permission) is at left.
The heat flow through ancient continental rocks in Greenland is 37 to 50 milliwatts per square metre.
However, along a line roughly from Scoresby Sound, to the E of Greenland to Melville Bugt to the W,
output is 75 to 106 milliwatts per square metre. This study supported earlier work (Fahnestock et al.,
2001) which emphasised that the head of the 750 km-long North East Greenland Ice Stream lay above an
area of high geothermal flow. The heat flow found by Rogozhina and colleagues was smaller than some
previous estimates (98 to 970 milliwatts per m 2), but still sufficient to exert a major influence on the
behaviour of the North East Greenland Ice Stream (NEGIS).

NASA

The heat flow found by Rogozhina and colleagues was smaller than some
previous estimates (98 to 970 milliwatts per m 2), but still sufficient to
exert a major influence on the behaviour of the North East Greenland Ice
Stream (NEGIS). The existence of the NEGIS was announced in 1993 by M.
Fahnestock and colleagues, who identified it using synthetic aperture
radar (SAR) imagery provided by the European Space Agency’s ERS-1
satellite (Fahnestock et al., 1993). It is the largest such feature on
Greenland (about 16% of the Ice Sheet), although it is an order of
magnitude slower than Jakobshavn Isbrae. The latter reaches velocities of
13 km per year (Joughin, I. et al., 2004), whilst the NEGIS, which splits
into three separate major glaciers before reaching the sea, moves at only
1.2 km per year (Joughin, I. et al., 2001). The main threat to the
Greenland Ice Sheet at as a whole remains climate change (Greve & Otsu,
2007).
Left: Greenland's major ice streams and their speed of movement. NEGIS =
Northeast Greenland Ice Stream; JI = Jakobshavn Isbrae; HG = Helheim Glacier; KG
= Kangerdlugssuaq. Combined image by Kristian Kjellerup Kjeldsen, Natural History
Museum of Denmark; Courtesy of the Ohio State University.

Greenland shows plenty of evidence of major volcanic activity in the past. There are abundant igneous
rocks exposed and Rogozhina and colleagues noted that: “there is evidence of large volcanic crater or
caldera-like formations under the north-central GIS.”

What is the cause of the high heat flow under northern Greenland?
Rogozhina and co-workers looked to Iceland for an explanation. Iceland is part of the Mid-Atlantic Ridge.
The is a segment of the undersea mountain range of the Mid Ocean Ridge System, which snakes around our
planet for 65,000 km, offset by numerous faults. Oceanic crust is created at the ridge crest by volcanic
activity producing basaltic/gabbroic rocks and it spreads to either side. As ocean crust moves further
away from the crest, it cools and the underlying mantle (made of denser rocks) thickens, so that it
subsides and the ocean floor is found at greater depths. Iceland, however, may not only be part of the Mid
Ocean Ridge System, but may also happen to lie immediately above a hot plume of rock rising up through
Earth's mantle, which makes it extra-volcanic and explains why it has built itself up above the waves. This
is a widely accepted idea and Rogozhina et al. argue that Greenland acquired its heat anomaly when the
movements of Earth's plates carried it over this plume. As they explained: “ the geothermal anomaly,
which crosses Greenland from west to east, was formed by Greenland’s passage over the Iceland mantle
plume between roughly 80 and 35 million years ago.” This happened tens of millions of years before an
ice sheet built up on Greenland – but its effects are still being felt today.
References. Fahnestock, M. et al. (1993). Science 262: 1530–1534. Fahnestock, M. et al. (2001). Science 294: 2338-2342. Greve, R. & Otsu, S.
(2007). The Cryosphere Discussions 1: 41–76. Joughin, I. et al. (2001). J. Geophys. Res. 106: 34 021–34 034. Joughin, I. et al. (2004). Nature 432: 608–
610. Rogozhina, I. et al. (2016). Nature Geoscience PUBLISHED ONLINE: 4 APRIL. 2016. | DOI: 10.1038/NGEO2689.

Below: Iceland on the Mid-Ocean Ridge and on May 10, 2010, with the volcano Eyjafjallajökull emitting a plume of
volcanic ash to an altitude of 5 to 6 km. Ash falls have discoloured the Myrdals-jökull ice cap to the east and airports
were shut in parts of western Europe. Readers who wish to explore geologists' detailed arguments for and against the
existence of mantle plumes are referred to www.Mantleplumes.org.

Heating from beneath by higher-than-average flows of geothermal
energy has implications for the future of both the Northern part of the
Greenland Ice Sheet and the West Antarctic Ice Sheet.

A new NASA study reveals
the extent of melting at
the base of the Greenland
Ice Sheet.
NASA's Earth Observatory Image of the
Day website (Aug. 4, 2016) explained:
“Though it seems counter-intuitive,
Greenland’s thick ice sheet actually
insulates the bedrock below from the
cold air temperatures at the surface. As
a result, the bottom of the ice—slowly
warmed by heat coming from Earth’s
depths—can be tens of degrees warmer
than at the top. Knowing whether
Greenland’s ice lies on wet, slippery
ground or is anchored to dry, frozen
bedrock is essential for understanding
how the ice sheet will react to a
warming climate and flow in the future.”

The lead author of the study was Joe
MacGregor of NASA’s Goddard Space
Flight Center, Greenbelt, Maryland.
The team took into account 8 recent
computer models, layering of the ice
sheet as revealed by radar carried aboard
NASA's Operation IceBridge aircraft,
satellite measurements of surface ice
velocity (which indicated areas where ice
was moving too fast to be frozen to
bedrock) and images from the Moderate
Resolution Imaging Spectroradiometers
on NASA's Terra and Aqua satellites,
which revealed rugged surfaces on the Ice
Sheet (indicating areas where ice was
probably moving above a thawed base).

It was possible to determine whether the Ice Sheet was frozen down to its base or melting for
something like two thirds the area of the Greenland Ice Sheet. The chart above (modified from
NASA original) shows areas believed to have thawed in red, areas where the ice is probably
frozen down to the bedrock as blue and uncoloured/grey areas are unknown.
The work, which MacGregor emphasised was only a first step towards understanding what's going
on beneath the ice sheet, is nonetheless a significant advance on previous knowledge.
MacGregor, J. A., et al. (2016). J. Geophys. Res. Earth Surf., 121 :10.1002/2015jf003803.

Seasons in South East England

August, 2016

Above: Harvest time. Near Ash, Kent. Aug. 13, 2016.

A warmer, drier and sunnier August
than usual.
The UK as a whole had a mean temperature of
15.5oC. This was 0.6oC higher than the mean for
the period 1981-2010. England was warmer, at
16.9oC (0.8oC above the mean for the period
1981-2010). East Anglia was warmest of all at
23.6oC (1.5oC above the norm). The UK enjoyed
99% normal rainfall and 110% sunshine – but the
departures from the norm were greater in S. E.
England.
Right: Aug. 6. A disc harrow, used to till soil for
new crop planting, remove weeds and remnants of
previous crops, sits in a field near West Kingsdown.
House martins (Delichon urbicum), a migratory
consumer of insects, perch on telephone wires in a
lane near Ash, Kent. Below: Thistledown escapes
from creeping thistle (Cirsium arvense) Belair Park.
Hazel nuts (Corylus avellana) ripening in hedgerow
near West Kingsdown, Kent. Common fleabane
(Pulicaria dysenterica) and teazel (Dipsacus
pilosus), in seasonally wet area of Belair Park,
South London.

Above and left: Harvesting of wheat in progress in the
fields around Ash, Kent. August 13, 2016.

On the opening day of August, the temperature
managed slightly above 19oC at Heathrow. This was
the lowest maximum recorded in the month,
essentially tying with Aug. 19.
Unsettled weather, interspersed with sunny spells,
persisted until almost halfway through the month,
when it was reported wet in the South of the UK.
10 mm of rain arrived at Heathrow (London) on
both Aug. 2 and 3. On the latter date, the
minimum temperature recorded at Heathrow was
approaching 19oC.
August 6 was notably warm and sunny. St Peter &
St Paul's Church at Ash left bottles of water in its
porch, with a notice urging visitors and walkers to
take one. The Met Office recorded some 14.5
hours of sunshine at Faversham in Kent.
The UK's lowest temperature of -1.5oC was noted
on Aug. 10, but far outside our region at Kindrogan
in Perthshire. Heathrow's lowest temperatures
were recorded on August 11 (not far above 10oC)
and Aug. 12 (not far below 11oC).
The view below is a recently harvested field of
lucerne near West Kingsdown, Kent. August 6.

Above: Caterpillars of the small tortoiseshell butterfly
(Aglais urticae) on stinging nettles (Urtica dioica)
beside a hedgrow. Ash, Kent (Aug. 8; P. Stanford). A
small tortoiseshell in hedgerow near West Kingsdown,
Kent, Aug. 16. Hawker dragonfly (Aeshna) in lane near
Ash, Kent; Aug. 6. Wasp (Vespula vulgaris) on
bindweed leaf, Belair Park, S. London, Aug. 20.

The Met Office summed up the second half of
August: “It was often more settled . . . although
the 20th had a notably vigorous depression for
the time of year which brought strong winds to
many parts of England.” In London, it was very
windy on August 20, with loose roofing tiles
rattling and dustbins being blown over in London.
A number of trees were brought down. At the
Needles, Isle of Wight, a gust of 111 km per hour
was felt. A very modest 1.5 mm of rain was
recorded at Heathrow, followed by desultory
tokens of rain over the next two days.
Monthly means for SE and central S England. Max.
temp.: 22.9oC (11oC); min. temp.: 12.9oC (0.8oC).
Hours of sunshine: 227.3 (111%). Rain: 40.3 mm (70%).
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.

Right: Cricket match on a green beside Ash Church.
Aug. 13. Carline thistle (Carlina vulgaris) gone to seed
beside the lake at Belair Park, S. London (Aug. 14).
Wayfaring tree (Viburnam lantana) in hedgerow near
West Kingsdown. Some black ripe fruit, but most red
and still ripening (Aug. 13) and elder (Sambucus nigra)
(Aug. 6, lane near Ash) with a few black ripe fruit, but
most still green or purple. (Aug. 13). A large willow
whose trunk broke, apparently during the gale of Aug.
20. Tree toppled into lake. Belair Park, S. London.
Below: A halo and corona. Early hours of Aug. 18. The
corona, immediately surrounding the Moon, is caused
by water droplets in clouds diffracting its light.
The halo is the
wide ring with a
radius of 22o.
It is caused by
ice crystals up
in the higher
clouds that are
refracting the
Moonlight.

Above: The trees are in full summer foliage in a wood
in the vicinity of Ash, Kent. The trees, many of which
have numerous thin trunks rising from a common
base, have clearly been coppiced (which involves
cutting them down to low stools and using the poles
that re-grow) at some time in the not-too-distant past.
August 27, 2016.
A fringe of uncut lucerne flowers along the foot of a
hedgerow near West Kingsdown, Kent, attracting
numerous butterflies, including the colourful common
blue (Polyommaticus icarus). Female at left, male at
right. Two's company, threes a crowd as third
butterfly approaches a couple of common blue
engaged in mating, before flying away. Below right: A
young rabbit, having stared for a while at the
approaching camera, decides that discretion is the
better part of valour and leaps for the safety of its
burrow. West Kingsdown. Below left: Stubble
remaining after harvest in wheatfield at Ash, Kent.
Tilled field near New Ash Green, Kent.

At Heathrow, temperatures rose consistently from
Aug. 19 (19oC), to 26oC by Aug. 22. Next day, it
exceeded 30oC in the SE, and Heathrow sweltered
under 31oC. On Aug. 24, the UK's highest
temperature for August (34.1oC) was recorded in
the SE at Faversham in Kent. Meanwhile, at
Heathrow, it reached 33oC. The temperature then
fell, but remained in the high 20s from Aug. 25 to
27. The Met Office reported that even the night
time temperature fell no lower than 18 oC in
central London. The lowest temperature at
Heathrow on Aug. 25 was amost 19oC.

Global climate: August 2016 was this year's eighth month of record warmth.
The USA's National Oceanic and Atmospheric Administration has confirmed that August, 2016 was
the warmest August in a record commencing in 1880.
“The combined average temperature over global land and ocean surfaces for August 2016 was
the highest for August in the 137-year period of record, marking the 16th consecutive month of
record warmth for the globe. The August 2016 temperature departure of 0.92°C (1.66°F) above
the 20th century average of 15.6°C (60.1°F) surpassed the previous record set in 2015 by
0.05°C (0.09°F).”
The global mean temperature for land plus ocean was 0.92 ± 0.16 oC above its August mean, the
highest on record. Land areas, taken globally, were their warmest on record (1.29 ± 0.22oC
above the norm), but the oceans (anomaly 0.77 ± 0.14oC) were their 2nd warmest after 2015.
In the Northern Hemisphere, the combined mean
temperature for land and ocean was 1.06 ± 0.17 oC
above the norm, the highest on record. The land
(anomaly 1.28 ± 0.21oC) also saw its highest recorded
temperature. The oceans, at 0.92 ± 0.13 oC above the
mean, were their 3rd warmest (2015 was the
warmest).
In the S. Hemisphere, the mean combined land and
ocean temperature (0.77 ± 0.14oC above the norm)
was the highest on record. The ocean (anomaly of
0.66 ± 0.15oC) was also the warmest on record, but
the land (1.33 ± 0.21oC above the norm) had the 2nd
warmest August (after 2009).
Source: NOAA National Climatic Data Center, State of the
Climate: Global Analysis for August, 2016. Published online.
Data is provisional.

Above right: Planet Earth on August 20 at 12:55:19 GMT. This was a day that saw South East England
battered by strong winds. NASA/NOAA.

Earliest maximum for
Antarctic's sea ice:
The maximum extent of sea ice
surrounding Antarctica is usually
around Sept. 23 or 24. This year
(Aug. 31), it was the earliest in
the satellite record (which
began in 1979). At 18.44 million
km2, this was the 10th lowest on
record.
The USA's National Snow and Ice
Data Center accounted for this
in terms of weather patterns
favouring north westerlies. “Sea
ice extent decreased in the
areas where the northwesterly
winds reached the ice front.”

The Northwest Passage opened
during the summer of 2016.
NASA's Suomi NPP satellite viewed an open
Northwest Passage through the Canadian
Archipelago (above) on August 9, 2016.
Image from the Visible Infrared Imaging
Radiometer Suite. (VIIRS).
Ice blocked the way on the same date (left)
in 2013 (image from the Moderate
Resolution Imaging Spectroradiometeror
MODIS, carried by NASA's Aqua satellite). A
Passage has been open for part of the
summer in most years since 2007

The possibility of a navigable Northwest Passage through the
Arctic, connecting Europe and Asia, was pursued for centuries.
It was encouraged by a mistaken idea that seawater could not
freeze and that there would be an area of open water over the
North Pole. The most memorable attempt to discover such a
route – because it ended so tragically – was the British attempt
commanded by veteran of historic naval battles and noted
explorer Sir John Franklin (1786-1847). He set out in 1845 with
two ships, HMS Terror and HMS Erebus. We now know that his
ships became icebound and that the crews died of exposure,
disease, lead poisoning (aided, apparently, by hastily soldered
ration cans) and starvation in the hostile Arctic environment.
There was evidence that the stranded men had resorted to
cannibalism. Left: Portrait of Sir John Franklin.

Ironically, eye witness testimony about
the fate of the expedition was later
provided by the local Inuit, who had
mastered the art of survival under Arctic
conditions millennia earlier.
The wreck of Erebus was found by a
Canadian team in Queen Maud Gulf in
September 2014. With help from Sammy
Kogvik, an Inuk and Canadian Ranger, who
had discovered a mast emerging from the
ice some years back, the Arctic Research
Foundation found Terror, well preserved
in 11 m of water, in September 2016.
Left: HMS Terror thrown up by the ice.
Copy by unknown engraver of drawing by
George Back (1796-1878).

It was the Norwegian polar explorer Roald Amundsen (1872-1928) who first sailed through the passage
in 1906, with the SS Manhattan pioneering the route for cargo ships in August 1969. In August 2016, a
large cruise ship, Crystal Serenity took the opportunity to pass through.
Image above from National Archives of Canada. Public domain. John Franklin portrait: Dibner Library Portrait Collection (Smithsonian Libraries). Author unknown. Public domain.
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Right: Caterpillar of the small tortoiseshell butterfly
(Aglais urticae). Hedgerow, Ash, Kent. August 13, 2016.

