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A seasonal crossing
of the Sun.
On May 9, 2016, the planet
Mercury passed between us and
our star. This can only happen
in May or November.
Both of the inner planets, Mercury and
Venus can be seen to cross (transit) the
face of the Sun from time to time, but
transits of Venus are much rarer. They
occur in pairs separated by intervals of
121.5 years and 105.5 years; the most
recent took place in 2004 and 2012.
However, there are as many as 13 or 14
transits of Mercury every century.
The picture above was taken by NASA's Solar Dynamics Observatory on May 9, 2016 at 17:30 GMT. Mercury
appears as a small black dot in the lower right quadrant

The Sun is vastly larger than its planets (1.39
million km in diameter) and its mass (1.98855 x
1027 tonnes) is around 333,000 times that of our
Earth and about 750 times the mass of all of its
planets taken together. The largest sunspot seen in
this picture had been given the number 2542, but
it was actually the same as sunspot 2529, which
had been lost from view for a fortnight as the Sun's
slow rotation carried it around to the side facing
away from Earth (with north at the top, sunspots
cross the disk from left to right). The Sun, mostly
hydrogen and helium, does not rotate like a solid
body. It takes 24.47 days to rotate at the equator
and about 38 days at the poles.
Mercury, airless, oceanless and crater-scarred, was
photographed (right) by NASA's MESSENGER probe in
September, 2009). The planet is 4,880 km across and
has just 0.055 the mass of the Earth.

April 2016 was the world's warmest April on record (see page 8).

How is it that transits of Mercury can only be seen in early May or early
November? The reason is that Mercury's orbit is tilted to ours.
Mercury, innermost of the Sun's major planets, follows an eccentric orbit that takes it in as close to the Sun
as 0.307 AU and as far out as 0.467 AU (1 Astronomical Unit is the average distance between the Earth and
the Sun = 149,598261 km). It takes 87.97 days to orbit the Sun and it is travelling with an average speed of
47.362 km per second. This is much faster than the Earth, which is orbiting at 29.78 km per second.
Mercury catches up with the Earth and ovetakes it on the inside every 115.88 days. If the two planets'
orbits lay in exactly the same plane, we would see Mercury crossing the Sun every time that this happened
– roughly three times every year. However, Mercury's orbit is inclined by 7 o to that of the Earth and transits
can occur only where Mercury crosses the plane of the Earth's orbit and when both planets happen to be
lined up with each other and the Sun. Transits can only take place in early May, when Mercury is dipping
down through the plane of our orbit and in early November, as it is rising up through it.

Diagram from European Southern Observatory

Transits helped us to understand our own world and its climate.
Historically, transits have been of fundamental importance to science. By observing
them closely and measuring how the paths of Venus and Mercury across the Sun
differed slightly as seen from widely separated parts of the Earth, astronomers were
able to refine their estimates of the distance between the Earth and the Sun. This
was essential for understanding the Sun, measuring its temperature and energy
output and for modelling our climate.

Revealing how the Earth compares to worlds around other suns.
Today, transits are transforming our knowledge of how our Earth, the only habitable world of
which we presently know, fits into the bigger picture. In those cases (on average, just
0.465% of stars) where other planetary systems just happen to lie exactly edge on to us, we
can measure the small drop in brightness caused by planets crossing the disks of their parent
stars. This has been a vital tool for discovering the kinds of worlds that populate our Galaxy.

A composite image of the entire May 9, 2016 transit of Mercury obtained from NASA's Solar
Dynamics Observatory. The planets orbit anti-clockwise as seen from the north, and Mercury
crossed the Sun from left to right.

May 9, 2016 was a day to be out with the amateurs in the true sense of the word - namely those who
were pursuing astronomy for their love of it. Their knowledge was formidable, often professional in
calibre, and for those of us whose involvement in planetary science is often through thought
experiments, this was a good day to enjoy their expert guidance through a good old-fashioned handson experience of astronomy. The last transits of Mercury were seen on May 7, 2003 and November 8,
2008 and the next will not take place until November 11, 2019 and November 13, 2032. Astronomers
were therefore keen to take advantage of any opportunity to get a glimpse, at the very least, of this
rare event. Despite a discouraging weather forecast which had raised the prospect of clouds and rain,
the earlier part of the afternoon was actually sunny. The transit began at 11:12 and finished at 18:42
GMT (add I hr for BST).
For the first time in history, scientists were able to record not just a transit of Mercury, but a view of
how the Earth itself appeared from the direction of the Sun while the transit was in progress. This is
because the NASA/NOAA Deep Space Climate Observatory (DSCOVR) is caught at the L1 Langrangian
position, between the gravitational pull of the Sun and that of the Earth and it is always looking back
at an almost full Earth. Below right: Earth on May 9 at 17:45:09 GMT.
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The Flamsteed Society [named for John
Flamsteed (1646-1719), the first Astronomer
Royal, who was appointed by Charles II]
assembled in the rear courtyard of the Old
Royal Observatory on the hill at Greenwich
beside the Peter Harrison Planetarium and
Altazimuth building. Above: Grey Lipley of
the Flamsteed Society and other members
demonstrated how to observe the Sun safely
through appropriate filters and a screen
displayed the progress of the planet across
the face of the Sun. The public queued to
get a glimpse of the spectacle and the
media.
Right: Out in Kent at Sutton-at-Hone, the
Crayford Manor House Astronomical Society
took to the fields beside Parsonage Lane
with their telescopes and cameras. The view
of the Sun's disk and Mercury at lower right
was projected using a solarscope. By midafternoon, the clouds had thickened to
obscure the Sun and observers had to catch
up with the end of the transit on the
internet. Below: Mercury is visible in this
view of the Sun in hydrogen-α light (6562.81
Å), obtained from Tenerife via internet.

Seasons in South East England

April, 2016

Above: Egyptian geese (Alopochen aegyptiacus) and young – an
introduced species in the UK - exploit an island in the lake at Belair
Park, South London. Canada geese (Branta canadensis) – another
introduction, are nesting behind them.

A colder month than normal.
According to the UK's Met Office, the provisional mean temperature
for the UK as a whole was 6.5 oC. This was 0.9oC lower than the norm
for 1981-2010. None of the regions managed their usual warmth for
this time of year. The UK saw 112% normal rainfall and 108% normal
April sunshine.The Met Office summarised the month as follows: “At
the start of April, the UK's weather was unsettled and dominated
by low pressure, with frequent showers and some longer spells of
rain. This unsettled regime continued into the second week, with
low pressure to the south-west in the Atlantic drawing in an
easterly airstream. The second half of April was mostly cold, bright
and showery with frequent northerly winds” England followed the
UK trend, being 0.8oC below the norm and received 114% normal
rainfall and 109% sunshine.
The month opened with a minimum temperature at Heathrow of around
1oC and the photo top left shows frost having formed on a car roof in
South London in the early hours of April 1. On April 10, the temperature
at Heathrow dropped below 1 oC. Cherry blossom was out, but the Sun
struggled through clouds (West Norwood). Leaves were unfurling and
catkins were out on oak trees and lesser pond sedge was flowering in
the wetland area of Belair Park. South London. By April 14, green leaves
were appearing among the brown leaves of the previous year on a hedge
of hornbeam (West Norwood). The image from the NASA/NOAA DSCOVR
satellite shows North Africa and Europe on April 15 at 09:59:59 GMT.
That day saw heavy downpours around London.

Flowers of blackthorn (Prunus spinosa gbb) in a hedgerow catch the sunlight
and the tree canopy of the ecology area was greening in Belair Park, South
London, on April 17. This day saw the temperature at Heathrow fall
towards, but not quite descend to freezing point.

The UK's Met Office reported that thunderstorms had struck north Essex
and south and east Suffolk on April 12, with lightning strike and flooding
disrupting Ipswich Hospital. On April 13, Thunderstorms took place in
areas of Kent and a supermarket in Canterbury was evacuated after two
lightning strikes. Heathrow experienced its highest temperature for the
month, 19oC, on April 13. The rainiest day at Heathrow, however, was by
far and away April 15, when about 19 mm fell. The Met Office summary
noted: “localised surface water flooding from heavy downpours was
reported to have caused traffic disruption and long travel delays in
parts of Greater London during the evening rush hour.”
April 21 saw the month's highest temperature (20.3 oC) at Porthmadog
(Gwynedd). Heathrow in the SE, experienced around 17 oC. As night fell,
a beacon was lit (right) to celebrate the Queen's 90 th birthday on the
tower of St Peter and St Paul's Church at Ash, Kent. Below: An early
purple orchid (Orchis mascula) flowering in a wood near West
Kingsdown, Kent. Bluebells had flowered in Saxton's and Cage's Wood,
Kent.

The month ended with a succession of storms.
On April 27, three aircraft were struck by
lightning as they were approaching Heathrow.
Passengers reported flashes and loud bangs, but
strikes on planes are by no means uncommon and
generally do no harm. April's lowest temperature
for the UK (-5.6oC) was reported from Kinbrace
(Sutherland) on April 28. This day saw Heathrow's
own lowest April temperature of 0oC.
Above left, is a storm cloud towers over Kent.
The view was taken looking eastwards from the
hill top where Joseph Paxton's famous Crystal
Palace stood from 1854 until its destruction by
fire in 1936. April 29, 2016. Above right, on April
30, we see the foliage of Sydenham Hill Wood
coming back to life as the days get longer and
(overall) temperatures rise. At left, we see
mammatus clouds caused by a downdraught. A
storm cloud looms above Farningham Wood, Kent
and brilliant sunshine catches the greening
skeletons of bushes and hedges. A lamb sniffs the
wheel of an agricultural vehicle.
SE and central S England, mean max. temp.:
12.6oC (-0.6oC); mean min. temp.: 3.7 oC (-0.6oC).
Hours of sunshine: 176.1 (104%). Rain: 54.2 mm
(101%). Anomalies re. 1981-2010 norm in
brackets. Source UK Met Office.
UK and England data from Met Office, Heathrow data from WeatherOnline.

Global climate: April 2016 – yet another remarkable record-breaker.
The warmest April since records began in 1880 has been summarised in the monthly state of the
climate report from the USA's National Oceanic and Atmospheric Administration.
“The combined average temperature over global land and ocean surfaces for April 2016 was 1.10°C
(1.98°F) above the 20th century average of 13.7°C (56.7°F)—the highest temperature departure for April
since global records began in 1880. This value surpassed the previous record set in 2010 by 0.28°C
(0.50°F). This was also the fourth highest monthly temperature departure among all 1,636 months on record,
behind March 2016 (1.23°C/2.21°F), February 2016 (1.19°C/2.14°F), and December 2015 (1.12°C/2.02°F).
Overall, 13 out of the 15 highest monthly temperature departures in the record have all occurred since
February 2015, with February 1998 and January 2007 among the 15 highest monthly temperature
departures.”
Yet again, the temperatures for land plus ocean and for land and for ocean taken by themselves for

both the Earth as a whole and for each hemisphere were the warmest on record. At the same time
the warm phase (El Niño) conditions were declining in the eastern and central equatorial Pacific.
For the world as a whole, the combined mean
for land and ocean taken together was 1.10 ±
0.13oC above the 20th Century mean. The oceans
were 0.80 ± 0.14oC warmer than their mean,
whilst land areas were 1.93 ± 0.11oC warmer.
In the N. Hemisphere, the combined mean
temperature for land and ocean was 1.29 ±
0.13oC, with the oceans 0.81 ± 0.13oC and the
land 2.08 ± 0.14oC above the norm. In the S.
Hemisphere, the mean combined land and
ocean temperature was 0.91 ± 0.14oC, the
ocean 0.80 ± 0.15oC and the land 1.53 ±
0.13oC, above their norms for this month.
Source: NOAA National Climatic Data Center, State of
the Climate: Global Analysis for March, 2016. Published
online. Data provisional.

Planet Earth on April 18, 2016 – with the Indian Ocean's strongest cyclone yet.
The DSCOVR image of the Earth (above) was taken on
April 18, 2016 at 09:13:14 GMT. NASA/NOAA. Cyclone
Fantala can be seen passing immediately to the north of
Madagascar.
The disturbance that would give rise to this storm was
noted on April 9 to the SE of Diego Garcia and it had
become a very intense tropical cyclone by April 18. On
that day, according to the Joint Typhoon Warning Center,
record wind speeds of 280 km per hour were recorded.
Later that day, at 10:25 UT (essentially GMT), NASA's
Aqua satellite acquired the picture at right using its
Moderate Resolution Imaging Spectroradiometer (MODIS).
This was the most vigorous cyclone in the Indian Ocean
since records began in 1990.
In October 2015 the NE Pacific saw Patricia and in
February 2016, the SW Pacific saw Winston, both recordbreaking storms for their regions.

