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CHANGE
In December 2015, 195 nations
gathered at the Paris climate talks
and agreed to take action to limit
global warming to 2°C.
The Paris Agreement was dealt
a blow this month when Donald
Trump announced his intent to
take the US out of it. But the world
can and will move on.
Over these eight pages, we look at
the reality of climate change, and
our response to it: what we’re doing,
what more we must do, and what
the future holds in a warmer world
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THE NEW
NORMAL

I

T MAY not be immediately
obvious, but the world
outside your window is
already a changed one.
Since the industrial revolution,
global temperatures have risen
by about 1°C, which has had an
impact at even the largest scales.
For example, melting glaciers in
Greenland are shifting the
distribution of water on Earth,
and nudging the planet’s axis.
As a result, the position of the
North Pole has moved eastwards
by more than 1 metre since 2005.
An upshot of this is that Earth
will spin faster and, by 2200,
days could be 0.12 milliseconds
shorter.
Earth’s tilt is unlikely to affect
your life or even that of your
children, but other changes
are happening closer to home.
In the UK, for instance, spring
is beginning about two weeks
earlier on average than it did
half a century ago, and autumn
a week later. In the seas, many
animals have shifted their
range hundreds of kilometres
polewards. On land, we are
seeing similar shifts, but it can
be much harder for terrestrial
wildlife to move, not least
because of roads and cities.
Another subtle change is that
nights are warming faster than
days. Night-time is a chance for
heat to escape back out into
space, but the extra greenhouse
gases in the atmosphere are
trapping ever more of it. This is
particularly bad news during
heatwaves: if our bodies don’t
get a chance to cool down at
night, it is harder to cope with
the heat of the day.
Not only are heatwaves more
difficult to deal with in our
changing world, they are also

more frequent and more
extreme. The 2003 European
heatwave killed 70,000 people,
many of them elderly or young
children – groups who are less
able to regulate their core
temperature. A 2004 study
showed that global warming
has at least doubled the risk of
such a weather event occurring.
Heatwaves are just one
example of extreme weather
affected by global warming.
Of course, there have always
been floods, storms and
droughts, but now more rain can
fall because a hotter atmosphere
can hold more moisture,
storms are more violent because
there is more energy to power
them and droughts can be more
severe because water is
evaporating faster.
Researchers are working on
systems that would give an
indication of how likely it is that
extreme weather events are a
result of climate change, in nearreal time. But all weather events
are affected to some degree.
Satellite studies show that
rising carbon dioxide levels are
also making the planet greener,
particularly in dry areas. The
results are complex, and not
always good. In Australia, for
instance, the extra vegetation
is sucking up more water and
reducing river flows by as much
as a third.
All the changes due to climate
change are overlaid on top of
natural swings in the weather
and climate, making it difficult
to tell what is down to climate
change. But long-term studies
leave no room for doubt: as
temperatures slowly climb,
“normal” is a constantly
shifting state. Michael Le Page
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CAN WE LIMIT
WARMING TO 2°C?

A

The main contender for achieving this is
bioenergy with carbon capture and storage

increase in the global average temperature
to well below 2°C above pre-industrial

(BECCS), in which plants are grown and then burned
to produce energy. The CO2 they sucked out of the

levels”. At current rates of greenhouse gas
emissions, we have 20 years before such a rise is

atmosphere while growing is released when they
are burned but captured and shoved underground

inevitable. To avoid it, we need emissions to peak
as soon as possible – preferably by 2020 – before
making their way to zero by about 2070.
There are some grounds for optimism: energy
and industry emissions may already be peaking
as the world moves away from the dirtiest of
fossil fuels, coal (see “Have we reached peak
emissions?”, page 32). But this needs to be seen in
context. We are still emitting almost 42 gigatonnes
of carbon dioxide each year. Change is not yet
happening fast enough or on a large-enough scale
to meet the world’s growing energy demand.
Besides, closing coal mines and investing in
renewables for electricity generation is the easy
part. Generating electricity accounts for only
a quarter of global greenhouse gas emissions,
with emissions from agriculture, forestry,
industry and transportation making up the rest.
Oil, the primary fuel for transport, is particularly
difficult to replace. Cars and buses can be made to
run on electricity, but powering planes will require
the large-scale development of renewable,

before it can escape back into the atmosphere.
On the upside, the biofuel could power aircraft.
The catch is that to have a meaningful effect,
BECCS would have to happen on a massive scale,
with thousands of industrial facilities across the
globe. Not only is the technology untested on
those scales, but we don’t have enough spare
land to grow the crops while continuing to feed
ourselves. Staying below 2°C would mean planting
crops solely for the purpose of CO2 removal on
around 500 million hectares – equal to a third of
Earth’s arable land surface or half the area of the
US – competing with ecosystems and food crops.
In short, the consequences of negative emissions
technology could be worse than overshooting 2°C.
To stay below 2°C, we need a radical change in
commitment, where nations make climate change
their top priority and the transfer to renewables is
accelerated. With our present policies, we are on
track to reach 3.6°C of warming. Even with the
promises made by world leaders in Paris, which
have yet to materialise, we will exceed 3°C. Then

sustainable jet fuel. The current global production,

again, Donald Trump may be the spur the world

mainly biofuel made from fermenting crops, is
minuscule compared even with the annual US
consumption of 90 million litres of jet fuel.

needs to galvanise action (see “What has Trump
changed?”, page 34). Olive Heffernan

footprints, such as eating meat. The question is
whether we will – and how soon. The aspiration

continue to overshoot the trajectory necessary to
hit zero in 2070 by some way (see diagram, right).
This means that not only will we have to wean
ourselves entirely off fossil fuels, but we may have
to suck carbon dioxide out of the atmosphere on
an industrial scale to hit the 2°C target. Assuming
industry and agriculture continue to produce
greenhouse gas emissions in the near term,
we would have to suck about 600 gigatonnes
of carbon out of the atmosphere this century.
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MAXIMUM WARMING ASPIRED
TO IN PARIS CLIMATE DEAL
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BACK TO BASICS

IS RUNAWAY
CHANGE LIKELY?

HOW WE KNOW
CO2 IS AT FAULT

disturbed overall global ocean
circulation. But the Atlantic leg
has already weakened markedly,
which Lenton says may mean it is
inching towards its tipping point.
The trouble is that although
there is plenty of historical
evidence that tipping points exist,
we don’t know what the warning
signs are. Take the methane
trapped in the permafrost of
Siberia and North America, both
of which are expected to thaw
rapidly this century. Methane is a
potent greenhouse gas. It doesn’t
stay in the atmosphere for as long
as CO2, but if a large volume of it
were released in one go, this could
trigger runaway warming. Right
now, methane is escaping from
the permafrost, but it is minimal
and nobody knows whether this is
new or normal.
We certainly shouldn’t be
reassured by the apparent lack
of runaway change. Experiments
with biological and chemical
systems show that they become
sluggish when they approach
tipping points. They also show
that tipping points are sometimes
passed without immediate
impact. Unfortunately, this is an
area where the uncertainties are
great and the risks much greater.
Fred Pearce

but carbon dioxide is a
small molecule with a big

trapper, but human activity
is not directly increasing the

bite. We have known the
mechanism behind this for

atmosphere’s water content.
What we are doing is digging

more than 150 years.
In 1861, John Tyndall
discovered that CO2’s three
atoms vibrate when hit by
certain photons. Photons
from the sun pass straight
through the atmosphere,
unhindered by CO2, but
when they reach Earth’s
surface they bounce back as
infrared photons – or heat,
in other words.
Instead of passing through
the atmosphere, these
photons are absorbed by CO2
and released again, only this
time they fly off in random
directions. As a result, more
heat stays within the
atmosphere than goes back
out into space. This is the

up fossil stores of carbon in
the shape of coal, gas and oil.
When we burn them to
produce energy, we release
CO2 and methane. Some CO2
is taken up by plants and
returned to the soil, some is
absorbed by the oceans, and
some is stored in rocks that
react with CO2 when exposed
to air. But these natural
processes cannot keep up
with the rate at which we are
releasing greenhouse gases.
The final blow is CO2’s
extraordinarily long life. It can
stay in the atmosphere for
thousands of years, so each
molecule we produce adds to
atmospheric concentrations
and thickens Earth’s blanket.

greenhouse effect, a
double-edged sword that
fosters life, but is also causing

“If we want the temperature
to fall,” says Ed Hawkins at the
University of Reading, UK,

rapid global warming.

“we will have to invent a way

The other greenhouse
gases act in the same way:
methane, nitrous oxide, CFCs,

to remove CO2 from the air on
a huge scale. In the meantime
we’ll need to adapt to a

ozone and water. Because

warmer world.” Julia Brown
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N ANTARCTICA, the giant
Thwaites glacier is in fast
retreat. Ditto the Jakobshavn
and Zachariae Isstrom glaciers
in Greenland. Climate researchers
worry they may have passed their
tipping points, beyond which
change feeds on itself and cannot
be stopped. If the three glaciers
melted fully, they alone would
commit the world to more than
2 metres of sea level rise.
The Intergovernmental Panel
on Climate Change has warned
that rapid warming could take
key Earth systems beyond their
tipping points, part of the worstcase scenario of climate change.
Tim Lenton of Exeter University,
UK, says a threshold was passed in
2007 when the summer melt of
Arctic sea ice accelerated. The fear
is that, with less ice cover, the
ocean will absorb more heat and
prevent winter refreeze, locking
the system into perpetual decline.
This is not the only system at
risk. Historically, as temperatures
have gone up, changing amounts
of sea ice at the poles have caused
ocean circulation to flip. A new
flip could lose us the Gulf Stream
and collapse the Asian and West
African monsoons, affecting the
livelihoods of billions. So far,
annual changes in sea ice have not

there is so much of it, water
vapour is the biggest heat
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cent of the atmosphere,
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Global energy-related CO2 emissions (Gt)

D
Global economic downturn
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ITTING the agreed limit for
global warming set in Paris
is undoubtedly a tough ask,

Dissolution of
Soviet Union

30

and it seems likely that the
world will be 3 to 4°C warmer by
the end of the century (see “Can we

Second oil
shock
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limit warming to 2°C?”, page 30).
That means loss and disruption.
But starting to prepare now could
mean that many people, perhaps
even most, can thrive despite the
rising temperature. That means
more than building a few flood
defences, however.
Take the challenge of feeding a
growing population in a world where
fertile land has been lost to sea level
rise, extreme weather events are
more common and vast tracts of land
may be needed to grow biomass to
burn as fuel.
Perhaps the highest priority here
is to develop better crops that could
feed more people using less land
and fewer resources. Biologists are
already developing crop plants that
can capture more of the sun’s energy,
make their own nitrogen fertiliser
and resist droughts, floods, salt,
pests and diseases. But much more
effort and money is needed.
It’s a similar story with protecting
our homes, businesses, roads and
railways from extreme weather. In
many cases we know what needs to
be done, such as planting more trees

300

Other renewable

on high ground or building bigger
storm drains to deal with increased
rainfall. We just need to work out
how to pay for it.
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Sea level rise is the most certain
and potentially costly effect of
climate change. It could be as much
as 3 metres by 2100, and ultimately
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UMANITY’S appetite for energy has
driven up the amount of greenhouse
gases in the atmosphere. But here’s
the good news: last year, emissions
from energy use stayed flat for the third
year in a row. Overall emissions, including
from industry, grew less than 1 per cent for
the third year in a row.
Energy emissions have stabilised or
dropped at three other times in recent
history, but only in economic downturns
(see diagram, right). This time, the world
economy is growing. At last count, 21 nations
were seeing this “decoupling” of energy
emissions and economic growth, including
the UK, France, Germany and the US.
What’s going on? For a start, king coal is
dying. The biggest fall has come in the US,
where this dirtiest of fossil fuels is being
pushed out by gas and renewables. In China
and India – growing economies with huge
energy appetites – concern over air
pollution are playing a part. Satellite
images show that, in India for example,
construction of some new coal power
stations appears to have been abandoned.
Renewables are also winning. Cheaper,
more efficient turbines and photovoltaics
mean that wind and solar energy cost the
same or less to produce compared with
fossil fuel power in more than 30 countries,
even without government subsidies.
According the World Economic Forum, this
should extend to two-thirds of countries
over the next few years. In 2016, the
proportion of electricity from renewable
sources other than large hydroelectric
dams rose to 11.3 per cent, according to
the UN Environment Programme, while
renewables accounted for 55 per cent of
the new capacity added worldwide. That
in itself is turning into an economic win.
According to the non-profit Environmental
Defence Fund, solar and wind power in the
US are creating jobs 12 times faster than the
economy as a whole. Let’s be honest: to
stave off the worst of global warming, this
should have been sorted at least a decade
ago. But the trends do show that we can
change our bad habits. Catherine Brahic

19
9

4

LIVING WITH CLIMATE CHANGE

people from the shrinking Isle de Jean
Charles in Louisiana. If the sea rises
1.8 metres, 13 million people would be
displaced in the US, and hundreds of
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HOW TO COPE IN
A WARMER WORLD

TALKING
TO CLIMATE
SCEPTICS

millions worldwide. There’s a lot to
be done to mitigate the risks, for

Many investors believe that these
companies are valuable because the

instance banning building on land in
areas such as Florida that could be

firms can sell the coal, oil and gas in
the reserves they own for a profit.

S

lost to the sea in less than a century.
The most immediate danger posed

But if we don’t want to fry the planet,
those reserves must stay in the

Free market ideologues:

indeed the pope) say the

by climate change, however, is
financial. An estimated $882 billion
of US property is threatened by sea
level rise of 2 metres, for instance.
Those properties could become
worthless long before they flood if
no one wants to buy them – a coastal
property bubble waiting to happen.
That’s nothing compared with
the carbon bubble. An immense
amount of wealth depends on the
value of fossil fuel companies. It
could be partly your wealth – most
pension funds invest in fossil fuel
stocks. “We are only just beginning
to unravel how exposed everyone
is to fossil fuel companies,” says
Anthony Hobley of the Carbon
Tracker Initiative think tank.

ground, making them worthless.
“Once climate change becomes a
defining issue for financial stability,
it may already be too late,” warned
the governor of the Bank of England,
Mark Carney, in a 2015 speech.
Carney has since helped to set up
a global initiative to get companies
to assess their climate-related
risks. The aim is to encourage
companies with big risks to reduce
them by, for instance, disinvesting
from fossil fuels. It seems to be
working: according to a 2016 report,
some 60,000 individuals and
700 institutions, from companies
to universities to pension funds,
already plan to disinvest.

“Saying climate change is the
greatest threat to our world is
a grab for global government
by crazy catastrophists.” This
group may not deny basic
climate science, but they deny
its importance. They see calls
to clamp down on emissions
as a threat to the free market
that drives capitalism.
Response: Ask why
markets don’t reflect the
costs associated with climate
change. Free markets need
social and political stability,
and so climate stability too.
Big banks, insurance firms
and oil companies have called
for action on climate change.
Government dilly-dallying
is anathema to their

fortunate should help those
who are less fortunate.

bottom lines.
Christian ideologues :

climate models say more or
less the same thing as chemist
Svante Arrhenius calculated

“The bible says humans have

using pen and paper over a

dominion over the Earth” and
“it’s all part of God’s plan”.
Many Christians, particularly

century ago.

Michael Le Page

ome people reject the self-evident truths of climate
change; others hold world views that don’t easily
find common ground with science. So how can they
best be persuaded of the need for action?

Traditional conservatives:
“The weather always changes,
this is a green fad. Anyhow,
the scientists don’t agree.
And none of my friends
believe in it.” This is an age-old
drumbeat. During the latest
UK general election, climate
campaigners identified 18 MPs
in the previous parliament
who were publicly opposed to
action on climate change – 16
were Conservatives.
Response: They can be
persuaded with science.
Point out that this is no fad.
The greenhouse effect is
200-year-old physics. And

The “we’re doomed”

US evangelicals, say nature is

brigade: “You can’t change

for us to use as we see fit. It
ties in with a political agenda
opposed to collectivism, so

human behaviour, so you can’t
stop the emissions.”This is
not so much denialism as

reticent on issues that need

doomsday determinism, but

collective action.
Response: Ask what
happened to the strain of

it’s odd how many people go
from arguing that “there is no
problem” to “there is nothing

evangelism that sees
“dominion” as meaning

we can do about it anyway”.
Response: Buy them a drink

stewardship. Many other
Christians say this gives us

and explain how renewables
are taking over. People do

a moral imperative to tackle
climate change. And climate

change their behaviour. The
bar you are drinking in would

change threatens the poorest
most. Christian morals (and

have been full of smoke just
20 years ago. Fred Pearce
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WHAT HAS
TRUMP
CHANGED?
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WILL WE HAVE
TO GEOENGINEER?

AVID KEITH is planning one of the
first real-world geoengineering

to geoengineering because it’s taking so
long for a critical mass of people to take

experiments next year. Only a
decade ago, the idea that we might

global warming seriously,” says David
Mitchell at the Desert Research Institute in

try to reverse global warming by artificially
cooling the atmosphere seemed fanciful

Nevada. The risks are not to be sniffed at.
Adding particles to the atmosphere to

Donald Trump’s pledge on 1 June to pull the
US out of the Paris climate agreement and
renegotiate it has undoubtedly damaged the
country’s international standing. But its effect
on global warming itself may be limited. By
galvanising action in other countries, it might
even end up producing a net win.
The US is the world’s second-largest emitter
after China, accounting for some 5 of the 42
gigatonnes of CO2 emitted every year. Under the
Paris agreement, nations set their own goals to
cut emissions within the overall aim of limiting
warming to 2 C. The US had said it would reduce
emissions by between 26 and 28 per cent in
2025 compared with 2005 levels .
It looks set to miss that target. But thanks to

and dangerous. To most, it still does, but
with the world on track for 3.6°C of warming
even if governments stick to all their
promises (see “Can we limit warming to 2°C”,
page 34), researchers say we should at least
understand what plan B looks like.
Keith and his colleagues at Harvard
University intend to fly a balloon
20 kilometres up in the air, release bursts
of tiny particles, and study how they deflect
sunlight and interact with ozone. The
particles will be benign – either ice, calcium
carbonate or sulphur compounds that are
naturally spewed by volcanoes – and only
100 grams will be released each time. Still,
people have the right to feel jittery, says
Keith. One concern is that even small-scale
geoengineering experiments could send
the message that there is a quick fix on
the horizon. “The oil industry might say,
‘See, there’s no problem’.”

create a sunshade – a large-scale version
of Keith’s proposed experiment – could
damage the ozone layer and models show
that it is likely to mess up weather systems,
causing severe droughts in some regions.
Another option is fertilising the oceans.
The idea is that this would trigger algal
blooms, which suck CO2 out of the air during
photosynthesis then drag it to the bottom
of the ocean when they die. But large
blooms could suffocate other marine
species. Besides, there are doubts over
how much of an impact it would have on
the atmosphere.
A cheap, industrial-scale version,
in which CO2 is chemically removed from
the atmosphere and stored underground,
so far eludes us. Yet without such solutions,
limiting warming to 2°C may be out of reach.
“People are trying to figure out a way to
[remove CO2]. But it’s cheaper not to put it in

the shale gas revolution and the expansion of
renewables, its emissions in 2014 were 7 per
cent lower than in 2005. Such developments

As time drags on, the odds that we will
reach for plan B get greater. “It seems likely
to me that we will eventually have to resort

the atmosphere in the first place,” says Alan
Robock at Rutgers University in New Jersey.

are likely to quicken. Barring huge additional
subsidies, coal will continue to die a death. And
states, cities and corporations have as much
power to effect change as Washington does. In
the wake of Trump’s announcement, California
– the world’s sixth largest economy – and many
more declared their commitment to the Paris
goals. Trump is likely to be an obstacle, but not
a bar, to progress.
The earliest the US can withdraw from the
Paris agreement is 5 November 2020. Much can
change domestically in the meantime, and other

governments reaffirmed their commitment to
the principles of the Paris deal. China and the EU
agreed to cooperate more closely on climate,
greener cities and transportation. No doubt the
US will eventually join – but following, not
leading. Catherine Brahic
34 | NewScientist | 24 June 2017
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countries will march on towards a greener
economy. In the wake of Trump’s speech, many

Alice Klein
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CAN I MAKE
A DIFFERENCE?

R

IGHT now, your individual behaviour
does matter,” says Chris Jones. “Anyone
can go carbon-neutral today. Better yet,
you’ll probably end up with more
money in your pocket when you’re done.”
Jones’s group, the CoolClimate Network at the
University of California, Berkeley, provides an
online carbon footprint calculator. It estimates
greenhouse gas emissions from
transportation, housing, food, goods and
services for any household in the US. Other
groups provide similar calculators for many
other countries. Despite individual and local
differences, some broad generalities emerge.
“Globally, the three main contributors to
greenhouse gas footprints are cars, coal and
cows,” says Jones. And those three things
are where individual choices can make the
biggest difference.
For most households, especially in the US,
transportation claims the biggest share of
carbon emissions, about 30 per cent of the
total. Most of this is from fuel, so buying a
more fuel-efficient car can shrink your carbon
footprint dramatically, especially if you
currently drive a gas-guzzler. The other big
carbon source, especially for the affluent,
is air travel. “One flight will probably blow
your carbon budget out of the water,” says
Stephen Cornelius, chief advisor for climate
change at WWF-UK. Reducing air travel, by
replacing business trips with teleconferencing
for instance, can make a big difference.
If you must fly, consider buying carbon offsets
(see box, right) to balance the environmental
impact of your flight.
Whether you can wring similar savings by
improving your home’s energy efficiency
depends on where you live. In cold climates,
better insulation can reduce the need to burn
gas or oil for heat. But turning off lights,
switching to LED bulbs and buying energyefficient appliances only makes a difference
if your electricity still comes from coal. If most
of your electric power comes from renewable
sources or nuclear plants, saving electricity
has minimal effect on your carbon bottom
line. In fact, the easiest way to green your
home may be to buy your electricity from
a renewable energy provider, says Jones.

MINT/PLAINPICTURE

“
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One of the most effective places to reduce
your carbon footprint is in the kitchen.
Agriculture accounts for about a quarter of all
greenhouse gas emissions, the vast majority
from meat and dairy products. You can shrink
your footprint dramatically simply by eating
less meat, or none at all. The worst offender is

CARBON OFFSETS
People or firms with large carbon footprints
can compensate for their sins by paying for
someone to reduce emissions elsewhere.
These carbon offsets, if done well, can be a
good way to cope with unavoidable emissions
from air travel or other costly behaviours.
But to make a difference, they must pay for
reductions that would not have happened
without them. Certification by international
oversight organisation Gold Standard helps
ensure that offsets meet this requirement.
Offsets can be particularly helpful in
mitigating the effect of air travel – easily
the largest contributors to many people’s
footprints. “We purchase Gold Standard
offsets for all the business travel we do,”
says Steve Kux, a climate policy analyst
for the David Suzuki Foundation, an
environmental group based in Canada.

beef, because cows belch large amounts of
methane, a potent greenhouse gas. Chicken
and pork avoid this problem, which may make
them somewhat better choices, says Daniel
Vennard of the World Resources Institute.
Because most households waste about a
third of the food they buy – and because most
affluent people eat more calories than they
need – you can also reduce your food footprint
simply by buying less and cooking it before
it spoils. In contrast, buying local or organic
food probably has very little effect, seeing as
transportation makes up only a small fraction
of emissions from agriculture, and the fact
that organic farms generally have lower yields
means more land must be ploughed, which
releases carbon.
Anyone can take these steps today, and
most of them actually cost less than the
carbon-intensive behaviours they replace.
According to Jones’s calculations, these and
similar measures can save US households
thousands of dollars per year, while halving
their carbon footprint. The money saved
should be enough to buy carbon offsets to
cover the remaining part of the footprint, thus
making your household completely carbon
neutral. That’s a pretty good first step until
government policies get more aggressive.
Bob Holmes ■
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