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How many trees are
there on planet Earth?
One recent estimate was around 400.25
thousand million . . .
. . . . but new research suggests that the real
number is over seven and a half times greater:

3.0412 million million.
August 2015 was the world's warmest August on record – see page 9

NOAA image

A previous estimate for the entire
Earth was some 400.25 billion trees
(Nadkami, 2008).
A more recent study revealed that
there were almost this many - 390
billion trees - in South America's
Amazon Basin alone (ter Steege et al.,
2013).
Now, a 37 author paper headed by
Thomas Crowther of the Yale School of
Forestry and Environmental Studies,
Yale University, Connecticut, USA has
reported the results of their new
study which has transformed our
understanding of this planet's tree
cover (Crowther et al., 2015; useful
review in Ehrenberg, 2015).

“The global extent and distribution of forest trees is central to
our understanding of the terrestrial biosphere.”
Crowther and colleagues used an impressive 429,775 ground-sourced measurements of tree
density from every continent (except Antarctica), noting that: “Forested areas are found in
most of Earth’s biomes, even those as counterintuitive as desert, tundra, and grassland.”

“Forest ecosystems harbour a large proportion of global biodiversity, contribute
extensively to biogeochemical cycles, and provide countless ecosystem services,
including water quality control, timber stocks and carbon sequestration [Bonan,
2008; Pan et al., 2011; Crowther, 2013; Hansen et al., 2014].”
Break down of the figures:
n = number of ground-sourced density estimates.
The figures are quoted in billions (109) trees (± 95% CI).

Boreal forests (n = 8,688) 749.3 (± 50.1)
Deserts (n = 14,637) 53.0 (± 2.9)
Flooded grasslands (n = 271) 64.6 (± 14.2)
Mangroves (n = 21) 8.2 (± 0.3)
Mediterranean forests (n = 16,727) 53.4 (± 1.2)
Montane grasslands (n = 138) 60.3 (± 24.0)
Temperate broadleaf (n = 278,395) 362.6 (± 2.9)
Temperate conifer (n = 85,144) 150.6 (± 1.3)
Temperate grasslands (n = 17,051) 148.3 (± 4.9)
Tropical coniferous (n = 0) 22.2 (± 0.4)
Tropical dry (n = 115) 156.4 (± 63.4)
Tropical grasslands (n = 999) 318.0 (± 35.5)
Tropical moist (n = 5,321) 799.4 (± 24.0)
Tundra (n = 2,268) 94.9 (± 6.3)
24.2% of all trees are found in the boreal regions, 21.8% in the
temperate regions and 42.8% in the tropical and subtropical
regions.

Since the last ice age, we have wiped out nearly half of Earth's trees.

This study provides further evidence of the accelerating human
impact on our world.
One of the purposes of this newsletter is to emphasise how the scale of human activity has
undergone exponential acceleration since the end of the last ice age. The figures published
in this study underline this fact dramatically.
Crowther and co-workers looked at maps of current and historic forest cover provided by the
United Nations Environment Programme (http://geodata.grid.unep.ch) and estimated that
during the Holocene (the period since the end of the last ice age; the last 11.7 thousand
years) humans have removed some 45.8% of the original tree cover.
It was reported that: “Current rates of global forest cover loss are approximately 192,000
km2 each year [Hansen et al., 2014 ]. By combining our tree density information with the
most recent spatially explicit map of forest cover loss over the past 12 years [Hansen et
al., 2014], we estimate that deforestation, forest management, disturbances and land use
change are currently responsible for a gross loss of approximately 15.3 billion trees on an
annual basis.”
In other words, the number of trees destroyed every year amounts to almost exactly 0.5% of
the present total. At this rate (we note this by way of illustration, not prediction), the next
halving of tree cover would take place within a century and planet Earth's total tree cover
would be lost in 200 years.

The current rate of tree removal is very nearly 70 times faster than
the average rate since the end of the ice age.
References. Bonan, G. B. (2008). Science 320: 1444–1449. Crowther, T. W. et al. (2014). Glob. Change Biol. 20: 2983–2994. Ehrenberg, R. (2015). Nature 525: 170–171.
Hansen, M. C. et al. (2013). Science 342: 850- 853. Nadkarni, N. (2008). Between Earth and Sky: Our Intimate Connections to Trees (Univ. of California Press. Pan, Y. et al.
(2011). Science 333: 988–993. ter Steege, H. et al. (2013). Science 342: 1243092.

Autumn equinox, September 23,2015.

With Venus, Mars and then Jupiter rising first in the dawn twilight, the Sun itself rose in a clear sky over
the trees and roof tops of South London. Mercury followed the Sun. For those at the latitude of London,
this planet had set the previous evening at the same time as the Sun and had not been visible as an
evening star. At the equator and in the Southern Hemisphere, however, the ecliptic, the path followed by
the Sun against the stars (the orbits of the major planets lie close to this) met the horizon more steeply
and Mercury would have been visible for a short while. Re-labelled Stellarium view.

Arctic sea ice through the autumn equinox.

2015 saw the 4th smallest ice minimum in a record beginning in 1979.

Above: A web cam view from the surface of
the floating Arctic sea ice (84 oN) in midSeptember (September 16, 20:33:46 UTC),
by which time, the Sun never strayed far
from the horizon.

During this year's melt season, the
northern cap of floating ice shrank back
to its fourth smallest extent in the
satellite record. On the date of the
minimum, September 11, it measured
4.41 million km2. This was 1.02 million
km2 higher than the all-time record low
of September 17, 2012 and 1.81 million
km2 lower than the mean for 1981-2010.
Below: Ice extent on Sept. 11 (NSIDC)
and a web cam shot (North Pole
Environmental Observatory) on Sept. 11
at 02:53:55 UTC.

How weather encouraged the ice cap to shrink.
Ice extent is defined as the area over which the ice floes cover more
than 15% of the sea surface. Warming of the Arctic environment and
a long-term trend for thinning of sea ice is a major reason for the
trend towards shrinking sea ice – but not the story is more
complicated than this. Another factor in bringing about low summer
minima is the weather (see NSIDC website). Smaller ice extents are
encouraged by high pressure (anticyclonic) conditions. Not only are
conditions sunnier, but the clockwise wind pattern favours the Arctic
Ocean's ice floes sweeping together rather than spreading out. NSIDC
explained: “The best example of this pattern occurred during the
summer of 2007, which had the second lowest September extent in
the satellite record. Conversely, Septembers with high extent tend
to occur when the atmospheric circulation over the central Arctic
Ocean is more cyclonic (counterclockwise), meaning unusually low
pressure at the surface. This pattern brings more clouds, lower
temperatures, and winds that spread the ice over a larger area.”
This year saw high pressure conditions over the central Arctic Ocean
and Greenland, setting the stage for a compact floating ice cap.

The NSIDC's web site discussed how weather patterns in 2013 had encouraged sea ice to be pushed
towards the coast, so that it could pile up and form deep keels. The Arctic Ocean's thickest ice
originates near the coasts of Greenland and the Canadian Arctic Archipelago, where it can pile up to
tens of metres. This reinforced ice can survive from one year to another. A recently published study of
the history of Arctic sea ice by Ron Kwok of NASA suggested that the weather events in 2013 had
produced a particularly resistant belt of ice that survived in 2015.
Kwok, R. (2015). Geophys. Res. Lett. doi:10.1002/2015GL065462.

A dilemma: cutting air pollution could speed up the loss of Arctic sea ice.
A recent paper from a trio of scientists, M.-È. Gagné, N. P. Gillett and J. C. Fyfe at the Canadian
Centre for Climate Modelling and Analysis in Victoria has highlighted a serious dilemma facing our
civilisation. They pointed out that “reductions in aerosol emissions have significant health and
environmental benefits,” but their climate model indicated that the removal of aerosols and
substances that give rise to aerosols could encourage global warming. This is because aerosols
increase the reflectivity of the atmosphere and so decrease the amount of solar energy that can get
through to the ground.
The team used Representative Concentration Pathway (RCP) scenarios in simulations of the Canadian
Earth System Model to predict that “The overall decrease in aerosol loading causes a warming,
largest over the Arctic, which leads to an annual mean reduction in sea ice extent of approximately
1 million km2 over the 21st century.” When the production of aerosols was held at its level for the year
2000, the Arctic did not become ice free until the year 2057, but with carbon dioxide output kept
high and aerosol emissions substantially reduced, this could happen by 2045.
[Gagné, M.-È. et al. (2015). Geophys. Res. Lett. doi: 10.1002/2015GL065504; see also review in Nature 526: 8]

Chilly day dawns at the South Pole.
With the arrival of the N. Hemisphere's autumn
equinox, the Sun rose at the South Pole, ending
half a year of darkness. Top image (NOAA web
cam at Amundsen-Scott South Pole Station),
Aug.31, 2015, shows a clear twilight sky, the
harbinger of a dawn that still lay more than
three weeks away. Second image was taken on
Sept. 23, the day of the equinox, but the gloom
of a snow storm had set in. Lower image was
taken on Sept. 25, when the Sun would have
been up in the sky for the entire 24 hours, but
hugging the horizon (assuming that it's
perfectly flat). The sky was cloudy, but a gap in
the overcast allowed the brightness around the
horizon to be glimpsed.
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Seasons in South East England

August, 2015
Above: View across wheat field after the
harvest. Near West Kingsdown. August 22.

Cooler, wetter and duller.
The UK as a whole managed a mean
temperature of 14.7oC during August,
which was 0.2oC lower than the longterm mean for the period 1981-2010.
England was warmer at 15.9oC, but this
was also 0.2oC below its mean. SE and
central S England managed 16.6oC,
although this was 0.4oC below the norm.
The UK's Met Office summed up the
weather in England as follows: “August
began unsettled with westerly winds
and rain belts crossing the country at
frequent intervals. The weather was
then quieter until mid-month but the
latter half was generally unsettled with
some cloudy, wet days and torrential
downpours at times. However, there
were some fine days too with the best
of the warmth and sunshine mostly
across eastern areas.”
Left: Aug. 2: Flying ants swarm on kerb-stone.
S. London. Despite a common idea that there
is a single, annual “flying ant day,” a survey,
conducted by the Royal Society of Biology and
University of Gloucestershire, indicates that
there can be multiple days each year when
conditions are best for flight and virgin
queens emerge in large numbers from ants'
nests. After mating with smaller winged
males, they land, lose their wings and seek to
found new colonies. Aug. 5: Rainbow and rain
falling from clouds around sunset. S. London
(4 mm of rain recorded at Heathrow). Aug.
13: Sun and rain reflected on car, after rain
fall (~7 mm rain at Heathrow). Aug. 9: Jersey
tiger moth (Euplagia quadripunctaria). S.
London. Once restricted to Channel Islands
and south coast, range has expanded. May be
accidental introduction in London (UK Moths).
Mostly seen between July and September, the
food of the moth's larvae include nettles.

Aug. 10, 2015: Left to right: Knapweed (Centaurea
nigra) goes to seed and Cuckoo-pint (Arum
maculatum) has produced its bright red-orange
berries (Belair Park, S. London). Old man's beard
(Clematis
vitalpa),
Hedgerow,
near
West
Kingsdown, Kent.

At its lowest, on August 1, the temperature at
Heathrow never fell as low as 7 oC. In the
south, on August 7 temperatures rose to the
mid-20's and on August 8, 27.2 oC was
recorded at Hampton in Greater London. The
next day saw showers in East Anglia.
August 13, severe thunderstorms resulted in
flooding in Kent and Sussex, with disruption
of road and rail and of flights from Gatwick
Heathrow and the City airport. A shopping
centre in Eastbourne was flooded. The Met
Office noted that “frontal systems brought
heavy rain and thundery downpours,
particularly during the second half of the
month.” Odiham in Hampshire had its wettest
August for over fifty years.
Upper right: Field margins near West Kingsdown.
Bales of hay (August 15); wild flowers (August 10).
Lower right: A common or European wasp (Vespula
vulgaris) has been visiting flowering ivy along a
hedgerow near Ash, Kent. The British Isles
observed from the NOAA-19 satellite on August 22
at 13:42 GMT. Courtesy Geoff Hamilton.

Above: August 22, 2015. Fruits along a hedgerow. West Kingsdown.
Left to right: hawthorn (Crategus monogyna), Bramble (Rubus
fructicos). Way-faring tree (Viburnum lantana).

On August 17, the UK's minimum temperature was measured
far from the SE at Braemar in Aberdeenshire 0.3 oC. A few days
later, on August 22, the UK's maximum temperature of 30.9 oC
was experienced at Kew Gardens Greater London and
Gravesend (Kent). Intense rainfall August 24 across Essex,
Kent, Surrey and Sussex, “Localised property flooding was
reported in Eastbourne and in Tunbridge Wells, where the
railway station was flooded.”
August 26 felt the wind gust at nearly 108 km per hour at
Needles Old Battery Isle of Wight. This was the wettest day of
the month at Heathrow in Greater London, where 48 mm of
rain were recorded. August 26 saw further flooding in
Hampshire, Sussex, Surrey and London. Sink holes opened at
Folkestone, Kent, and on the A27 in Hampshire. August 26
stood out as a remarkable day in the Heathrow record, which
saw 13 mm of rain on August 24, 6 mm on August 25.
A wet month closed with a wet day (Heathrow received 18 mm
of rain on August 31.
SE and central S England, mean max. temp.: 20.9 oC (-0.9oC); mean
min. temp.: 12.3oC (0.2oC). Hours of sunshine: 150.4 (74%). Rain:
113.9 mm (198%). Anomalies re. 1981-2010 norm in brackets. Source
UK Met Office.
Left: August 22, 2015. Webs of the orb web (or garden) spider
(Araneus diadematus) are commonplace at this time of year and here,
on a field margin near West Kingsdown, a web has been strung
between stems of burdock. Ripening berries of woody nightshade
(Solanum dulcamara). Near Ash, Kent. Berries of the rowan (Sorbus
aucuparia). New Ash Green, Kent.
Below: Water flows in the gutter in a South London street on August
23, when around 3 mm of rain were recorded at Heathrow.

Left: August 22. Top to bottom. Beans ripen in a field near
Ash, Kent. Poppies (Papaver rhoes) flower along the field
margin. August 31. Sheep graze in a field opposite
Saxten's & Cage's Wood, Kent. Oak leaves glisten with rain
on the margin of a wood near West Kingsdown, Kent.
Sources for this climate summary: UK Met Office and
WeatherOnline.

Global climate: The warmest August in a
record that began in 1880.
According to the USA's National Oceanic and
Atmospheric Administration (USA), the world's
land and ocean combined had a mean
temperature for August 2015 of 0.88 ± 0.08oC
above the 20th Century mean of 15.6o C. This
was 0.09oC above last year, which was the
previous record-setting year.
NOAA reported that “This was the sixth month
in 2015 that has broken its monthly
temperature record (February, March, May,
June, July, and August)”. It was the same story
over the land and the ocean taken separately.
Across the globe as a whole, land areas were
1.14 ± 0.21oC above the mean, and the oceans
0.78 ± 0.04oC.
In the Northern Hemisphere, the combined
mean temperature for land and ocean was 1.03
± 0.14oC above the norm, the warmest on
record. The oceans were 1.02 ± 0.03oC, also
the warmest. The land, at 1.04 ± 0.20 oC above
the mean, was the second warmest on record
after August 2010.
For the Southern Hemisphere, the combined
land and ocean temperature was 0.73 ± 0.06 oC
above the norm, which was the warmest on
record. The Southern Hemisphere's oceans
were 0.60 ± 0.07oC above the norm, the
warmest on record, but the land (1.41 ±
0.20oC) above the norm) was the second
warmest after August 2009.
NOAA's Climate Prediction Center reported that
El Niño (warm phase) conditions were present
across the equatorial Pacific Ocean during
August 2015 and that sea surface temperatures
were near or greater than 2 oC above the 1981–
2010 average in the eastern half of the
equatorial Pacific Ocean.
Source: NOAA National Climatic Data Center, State of the
Climate: Global Analysis for August, 2015. Published online.
Data provisional.

