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Image credit: The calving front of the Petermann Glacier, N. Greenland photographed during NASA's Icebridge operation, 2013. NASA/Michael Studinger.

We have already averted the next ice age.
Now we need to worry about dangerous over-heating of our planet. 

“policy  decisions  made  in  the  next  few  years  to  decades  will  have
profound impacts on global climate, ecosystems and human societies —
not just for this  century,  but for the next ten millennia and beyond.”
Statement from Peter U. Clark, Oregon State University (Clark et al., 2016). 

In 1984, Belgian climate scientist André L. G. C. Berger warned: “Although the climate system
possesses many resilient qualities, man's actvities may well alter greatly the future climate
and, as a consequence, our society itself. It therefore behoves us not to let this experiment,
the  greatest  inadvertent  geophysical  experiment  ever  begun,  proceed  unobserved  and
uncontrolled.”Berger, A. (1984). The Climate of Europe: Past, Present and Future: Natural and Man-Induced Climate Changes. A European
Perspective. H. Flohn & R. Fantechi (Eds.). p. 196. Kluwer Academic Publishers Group. Dordercht, Netherlands.  

Berger's famous comment about an “inadvertent geophysical experiment” may be an
understatement. Our species is blundering into nothing less than planetary engineering –
with neither road map, nor objective. New papers in Nature and Nature Climate Change
explore how rising CO2 levels have modified Earth's natural cycle of ice ages.

During the last two and a half million years, except for a few brief intervals, our planet has been
cooler than the present day – even during its warmer episodes. The last ice age ended about 11,700
years ago and our civilisation has arisen and flourished only during the last 6,000 years. Back in the
1970s many scientists thought that we were living in a climate down-turn that would end with the
inevitable re-expansion of northern hemisphere ice sheets. Concern has shifted to the threats posed
by global warming caused by release of greenhouse gases (notably CO2) through human activity. 



This is where, in the absence of
human interference, the next ice
age might be expected to start.

An  aerial  view  of  the  NE  coast  of
Baffin Island in NE Canada, the region
in  which  small  ice  caps  should  first
form, when the Earth is  on the way
into its next glacial episode.

The photo (taken by Ansgar Walk on August
7, 1997) is of a locality north of Community
of Clyde River, Nunavat. CC BY-SA 2.5.

How is it that the next ice age isn't underway today?
The astronomical theory seeks to explain the succession of ice ages in terms of the complex
motions which affect our planet; the stretching of its orbit by a variable amount and the nodding
and top-like motion of its axis (Berger 1977; 1978; Imbrie et al., 1976; Imbrie & Imbrie, 1979).
The onset of an ice age will be favoured if astronomical factors ensure that the amount of energy
received  from  the  Sun  at  65oN  during  the  summer  is  insufficient  to  prevent  ice  from
accumulating (the climate is most sensitive to changes in the Earth's orbit). In their 2016 paper,
A.  Ganopolski,  R.  Winkelmann and H.  J.  Schellnhuber  (Potsdam Institute for  Climate Impact
Research,  Potsdam,  Germany)  pointed  out:  “summer  insolation  is  near  to  its  minimum  at
present, and there are no signs of a new ice age. This challenges our understanding of the
mechanisms driving glacial cycles and our ability to predict the next glacial inception.”
Berger, A., (1977). Nature, 268: 44-45. Berger, A. (1978). Journal of Atmospheric Science, 35: 2362-2367. Imbrie et al. (1976). Science 194: 1121–1132). Imbrie, J. & Imbrie K.
P. (1979). Ice Ages. Solving the Mystery. London, U.K.: The Macmillan Press.

At a conference about past climate held in 1972, it was concluded that:“it is likely that the
present-day warm epoch will terminate relatively soon if man does not intervene”Kukla, G. K.  et al.
(1972). Quat. Res. 2: 261-269.

It was thought at that time that the last couple of interglacials (relatively brief spells between
ice ages) had lasted roughly 10,000 years and it was assumed that the same would apply to all
interglacials, including the one in which we are living (which is of similar age). It was widely
thought that the climate had been sliding into cooler conditions from about 6,000 years  ago.
Cold conditions would have set in by 25,000 years from now, with glaciation by 55,000 years.

It is now thought that we are living in an unusually long interglacial of the sort that
will occur only once every half a million years. Our present output of greenhouse
gases could further delay the return of the great ice sheets to Eurasia and North
America, but civilisation instead faces a threat of its own making.

William  Ruddiman  of  the  University  of  Virginia  in  Charlottesville has  argued  that  early
agriculture boosted the quantities of greenhouse gases in the atmosphere - an idea which he
admitted is both “provocative and controversial”.

Vegetation decomposing in wetlands releases CH4  into the atmosphere and the usual sequence of
events would be for atmospheric CH4 to rise as an ice age ended and an interglacial began. This
would happen at times when our northern summer coincided with perihelion, the point in the Earth's
orbit where it is closest to the Sun (unlike today, when perihelion occurs during the northern winter).
There would be extra warming of the northern wetlands and also a strengthening of the monsoon in
Southern  Asia,  fed  by  moisture  from the  Indian  Ocean,  causing  widespread  flooding.  As  the  N.
hemisphere slid away from summer perihelion, the amount of CH4 in the atmosphere would fall from
about  700  to  450  parts  per  billion.  This  is  what  happened  during  the present  warm spell,  but
(Ruddimen, 2005): “the trend reversed direction 5,000 years ago and rose gradually back to almost
700 ppb just before the start of the industrial era.” CO2 naturally follows a “complex combination of
all three orbital cycles” (the reasons – much debated - are less obvious). However, it typically peaks
around 275 to 300 parts per million early in an interglacial, then declines, over 15,000 years to 245
ppm. Then, “the trend reversed direction 8,000 years ago. By the start of the industrial era, the
concentration had risen to 285 ppm”. 



Right:  Rice  fields,  Anakkara,  India,   2012.
Ben3john CC BY-SA 3.0. 

Ruddiman  flagged  up  the  fact  that
agriculture appeared in Mesopotamia and
China  by  11,000  years  ago;  CO2 would
have  risen  as  farmers  in  Europe  and
China  cleared  forests  for  crops,  with
trees  being  burned  and  stumps  left  to
rot. By 5,000 years ago, farmers in China
were  diverting  rivers  to  flood lowlands
for  rice  growing.  2,000  years  ago,
terrace farming was underway in SE Asia
– boosting atmospheric CH4. 

The  mean global  temperature  today  is
actually only 5 to 6oC above that in the
depths of an ice age.

Without this process begun by early farmers, argues Ruddiman, the world might already be 2 oC cooler and
ice sheets should be developing in NE Canada, at least. Ruddiman, W. F. (2003). Climatic Change 61: 261 – 293. Ruddiman, W. F. (2005).
Sci. Am. March 2005: 46-53.

   

Industrial, domestic and transportion outputs of CO2

will transform our world for tens of millennia.
A. Berger and M. F. Loutre of the  Université catholique de Louvain, Belgium
have pointed out (2002) that within the next 25,000 years, the Earth's orbit will
become almost circular. They carried out climate simulations to investigate the
possible consequences of this unusual event. Provided that  CO2 was present in
more  than  220  parts  per  million,  we  could  expect  “an  exceptionally  long
interglacial.” It would continue until 50,000 years from now and the next glacial
maximum would be 100,000 years from now (the last was 21,000 years ago).
Such a long interglacial  happens  only  once every  half  a  million  years.  They
warned, “The climate system may  take  50,000  years  to  assimilate  the  impacts  of
human activities during the early third millennium.” Also “In this case, an “irreversible
greenhouse effect” could become the most likely future climate.” Berger A. & Loutre, M. F. (2002).
Science 297: 1287-1288.

The  latest  work  by  Andrey  Ganopolski  and  his  co-workers  at  the  Potsdam
Institute for Climate Impact Research, Germany, reinforces such conclusions. It
indicated that if the concentration of CO2  in the atmosphere had been 240 ppm
rather than the 280 ppm that many adopt for the time before the industrial era,
then  ice  sheets  would  already  have  been  growing  for  thousands  of  years.
“glacial inception was narrowly missed before the beginning of the Industrial
Revolution. The missed inception can be accounted for by the combined effect
of  relatively high  late-Holocene  CO2  concentrations  and  the  low  orbital
eccentricity  of  the Earth.  .  .  .  .  Even for  a  total  of  500  Gt  C  cumulative
emissions, which is only slightly above the present-day value, the evolution of
the  Northern  Hemisphere  ice  sheets  is  affected  over  tens  of  thousands  of
years.” A total carbon emission of 1,000 Gt (Gt = billion tonnes) would reduce
the chances of the next ice arriving in the next 100,000 years, whilst 1,500 Gt C
would make it “very unlikely.”

A 22 author study, with Peter U. Clark of Oregon State University as first
author  likewise  looked  at  the  long-term  implications  of  our  present
activities: 

“If CO2 emissions continue unchecked, the CO2 released
during this century will commit Earth and its residents
to an entirely new climate regime.” 
Left: Big Bend Coal Power Station, Florida, USA.  Wknight94talk CC BY-SA 3.0. 



In terms of seeing off the next ice age, the job is already done. 

In a 2012 paper, P. Chronis Tzedakis of University College London and co-workers concluded:
“No glacial inception is projected to occur at the current atmospheric CO2 concentrations
of 390 ppmv . . . . Assuming that ice growth mainly responds to insolation and CO2 forcing,
this analogy suggests that the end of the current interglacial would occur within the next
1500 years, if atmospheric CO2 concentrations did not exceed 240 ± 5 ppmv.” 

Agriculture and our civilisation arose since the end of the last ice age, since when we have
enjoyed more stable conditions. A return to ice age conditions, with expansion of colder and
drier  climates  and more frequent  climate  fluctuations,  would  wipe  out  vast  swathes  of
agricultural land. Possible geoengineering schemes to prevent the onset of the next ice age
once received attention in the same way that technological fixes to prevent over-heating are
discussed today. 

Our legacy for the far future will be a very different world. 

There has long been concern that global warming could trigger long-term responses and feedbacks
from the climate system that could be more extreme than the initial impacts (Hansen et al., 2008).
The new paper by Clark and co-workers also considers what will happen to our planet's great ice
sheets in the coming millennia, in a warming world. They adopted the rule that temperature would
rise by 3.5oC for a doubling of CO2).

From 1750 to  2013  (Le  Quere  et  al.,  2015),  the  cumulative  C  release  by  human activity  is  an
estimated  580  ±  70  billion  tonnes  C  (=  2,127  billion  tonnes  CO2).  Clark  and  his  co-workers
investigated how the Earth's climate would change with a total C emission of 1,280, 2,560, 3,840 and
5,120 blllion tonnes. We are presently releasing about 10 billion tonnes C every year.

Clark  et al.  (2016) investigated estimated sea level changes between the present day and 10,000 years
from now, This assumes that cumulative emissions will be at the lowest value investigated in the study,
that is 1,280 billion tonnes (slightly more than twice total emissions up until now).

Ten thousand years from now, the mean global sea level, fed by melting of
large parts of the Greenland and Antarctic ice sheets, is predicted to be 21 m
(nearly 70 feet) higher than today.

However, taking into account changes in the shape of the Earth, its rotation
and gravity field associated with the transfer of mass from the ice sheets to
the oceans, sea level changes will not be the same everywhere.

Some regions, such as Greenland, will see a relative fall of sea level by 15 to
20 m. Most, however will see a sea level rise within 20% of the global average.
Around much of the coast of what is now the USA, there could be sea level
rises of around 35 to 40 m (130 feet).

The locations of many of our historic cities will be beneath the sea.  
Clark, P. U. et al. (2016). Nature Climate Change. Published online February 8, 2016.  DOI: 10.1038/NCLIMATE2923.  Ganopolski, A.  et al. (2016).
Nature 529: 200-203.  doi:10.1038/nature16494.  Hansen, J. et al.  (2008).  The Open Atmospheric Science Journal,  2:  217-231.  Le Quere, C.  et al.
(2015). Earth Syst, Sci. Data 7: 47-85.Tzedaakis, P. C. (2012). Nature Geoscience 5: 138–141. 

The sobering message from this recent work is that Homo sapiens has already
become a planetary engineer – without even intending to.

We are in the driving seat, but we are by no means competent to
drive and we have no plan for where we are supposed to be headed. 
That is a formula for disaster, unless public, politicians and planners support the intensive
programmes of environmental monitoring and research that will enable us to graduate to
benign, capable and informed planetary stewardship.



In  March 2016 –  an asteroid  will  whizz  past  us  –  but
exactly how close it will come remains to be seen.

Three years ago, our planet saw two events involving asteroids on the same day.

On February 15, 2013, the small asteroid 367943
Duende (2012 DA14) hurtled by. It came so close
(27,700  km  above  the  Earth's  surface)  that  it
passed  inside  the  ring  of  geosynchronous
satellites  (35,800  km  altitude).  It  measured
about 20 x 40 m.

Members  of  the  Flamstead  Society  gathered  on
London's Blackheath, beside Greenwich Park (home
of the Old Royal  Observatory)  with telescopes in
the  hope  of  catching  a  glimpse  of  the  asteroid
which would have reached a magnitude of 7.2. This
was too faint to be seen (mag. 6 is the usual limit
for human eye sight). Sadly, they were met with an
inscrutable overcast.

16 hours earlier, by pure coincidence, while astronomers were getting ready for the fly-by, another object
(roughly 17 to 20 m long and mass 12,000 to 13,000 tonnes), in a completely different orbit and travelling
at about 19 km per second, arrived in the sky above Chelyabinsk, Siberia. It blazed briefly with 30 times
the brightness of the Sun and it exploded with sufficient force to damage 7,200 buildings. Nearly 1,500
people sought help for injuries (many from flying glass). A shower of meteorites originated from the main
disintegration at 34 to 27 km altitude. A 654 kg object was eventually recovered from Chebarkul Lake.

The  March  2016  asteroid  is  worth  flagging  up  simply
because it may pass very much closer to us than most. 
According to NASA's Near Earth Object Program: “During the upcoming March 5
flyby, asteroid 2013 TX68 could fly past Earth as far out as 9 million miles (14
million kilometers) or as close as 11,000 miles (17,000 kilometers).” 

The new arrival (an irregular chunk maybe 20 to 50 m across) was discovered by the Catalina Sky
Survey on October 6, 2013. It is catalogued as 2013 TX68. This tiny and poorly observed object
(it was lost after astronomers had watched it for only 10 days) will pass by, probably on March 5,
travelling at over 14 km per second relative to the Earth. Due to uncertainties in its orbit, there
is a potential error of over 2 days in the date of its arrival! Whether it will graze by or miss us by
a wide margin remains to be seen, although the possibility of it hitting us has been dismissed.
There may be a 1/260 million chance of it colliding with the Earth in September 2017. The mean
distance of 2013TX68 from the Sun is 1.66 AU (Astronomical Unit = average Earth-Sun distance of
149,597,870.7 km), but its highly stretched orbit can bring it in way inside the orbit of the Earth to
0.746 AU (almost as close to the Sun as Venus) and out to 2.57 AU (in the asteroid belt far beyond
Mars).  It takes 2.15 years to complete each orbit.

Last year, the internet was buzzing with rumours that there would be a significant collision
between the Earth and an asteroid in September, but this claim was completely unfounded. 

Asteroid impacts, however, are a real threat. 

On July 30, 1908 a asteroid approaching 40 m in size hit the atmosphere at 15 km per second
and exploded over the Tunguska area of Siberia with an estimated force of 185 Hiroshima size
bombs. The forest was laid waste over 6,000 km2. Trees immediately beneath the blast remained
standing with their branches stripped, but 80 million trees were found lying radially outwards
from the direction of the blast. Such an impact is thought to occur once every three centuries.

The Near-Earth Object Office at the Jet Propulsion Laboratory, Pasadena, California
is assembling data on asteroids and comets in potentially dangerous orbits.



A seasonal sparkler.
Sirius is the brightest star as seen from
the Earth.

It is a familiar sight during the winter
months  of  the  northern  hemisphere,
disappearing  in  spring.  Located  in
Canis  Major,  it  lies  near  the  better-
known  constellation  of  Orion  –  not
quite in a line with Orion's Belt. 

It is a star 8.6 light years away, about
twice  the  mass  of  our  Sun  and  1.7
times the diameter. It is bluish-white,
with a surface temperature of 9,940 K
(compared with about 5,800 K for our
Sun). The luminosity of Sirius is 25.4 times greater than that of our Sun. Sirius has a binary
companion, a stellar remnant almost the mass of the Sun, but collapsed to the size of the Earth.
This is extremely faint and powerful telescopes are needed to see it. The light that we see from
Sirius with our unaided eye, or small instruments, all comes from the larger star.
                                                                                                                                                Above: Re-labelled Stellarium image.

The star Sirius is noted for its
magnificent displays of flashing
colour,  which  can  be  enjoyed
through a pair of binoculars.

                                          What causes the flashes?

Twinkling, technically termed “scintillation,” is caused by
the  fact  that  our  atmosphere  consists  of  jostling  air
pockets  which  have  slightly  different  densities  and
abilities  to  refract  light.  Different  wavelengths  of  light
are refracted by different amounts (blue to the greatest
extent, red to the least) and in the case of the brightest
stars,  we can make out flashes of  colour.  It  helps that
Sirius is quite low in the sky from SE England, so we tend
to see it gleaming through a relatively great thckness of
atmosphere.  

This picture above (Feb. 1, 2016), which resembles a string of coloured lights, was produced by means of a
time exposure during which the camera, on a sensitive setting, was moved by hand, so as to smear out the
light from Sirius into a wavy line. Contrast has been enhanced, but the colours are as photographed.
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