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welcome
Climate change research encompasses tens of
thousands of peer-reviewed studies, decades
of observations and the work of thousands of
scientists. But too often this valuable know
ledge doesn’t reach the people who need it most:
climate change communicators & campaigners.
This document takes the latest scientific research
and translates it into practical factsheets on a
wide range of climate change topics, ensuring
that those responsible for communicating it
to a wider public have easy access to the best
available evidence.

“

You can’t fake spring coming earlier, or trees growing higher up on mountains, or glaciers retreating
for kilometres up valleys, or shrinking ice cover in
the Arctic, or birds changing their migration times,
or permafrost melting in Alaska, or the tropics expanding, or ice shelves on the Antarctic peninsula
breaking up, or peak river flow occurring earlier in
summer because of earlier snowmelt, or sea level
rising faster and faster, or any of the thousands of
similar examples. ... put all the data from around
the world together, and you have overwhelming
evidence of a long-term warming trend.
- Michael Le Page
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ABOUT PIRC
PIRC is an independent charity integrating research
on climate change, energy & economics - widening
its audience and increasing its impact. We sit between
research organisations and decision-makers;
translating technical research into engaging material
which inspires lasting change.
Since the failure of the Copenhagen climate talks
in 2009 and the ‘Climategate’ debacle of early 2010,
media interest in climate science has declined, and
the public become somewhat more sceptical about its
veracity. Yet the evidence base itself has only become
more robust in that time. Conveying the certainties and
uncertainties of climate science to the public - through
a media that has become much more polarised about
the subject - is a recurrent challenge for campaigners.
Responding to this, PIRC has put together the following
set of factsheets, covering different aspects of climate
science. The factsheets look at the evidence for
climate change from a range of angles, such as global
temperature trends and Arctic ice melt, and traces the
fingerprint of climate change in various phenomena,
from floods and heatwaves to wildfires and species
extinctions. Each briefing contextualises the issue in
question, summarises the background science, and
addresses common objections raised by sceptics.
Drawing on the latest peer-reviewed studies, they are
intended to be a solid, reliable and concise guide for
campaigners wishing to communicate climate science
with accuracy and confidence.
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FOREWORD

Here we list those who generously donated time
and expertise to answer our awkward questions,
straighten out our confusions or review our writing.
Many kind people helped us with this work in some
way or another; far too many to mention individually here. Many, many thanks for all your comments,
corrections and conversations.

PIRC’s Climate Factsheets are a valuable contribution
to broader public understanding of the present state
of climate science. They clearly and cogently set out
the evidence for anthropogenic global warming - from
rising global temperatures to melting Arctic sea ice and its interaction with various climatic events, such
as wildfires, droughts and flooding.
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Collins, John Cook, Prof. Kirsten de Beurs, Maria Dickinson, Dr Stephen Dorling, Prof. Nick Dulvy, Dr Erich
Fischer, Dr Mike Flannigan, Wendy Foden, Dr Lisa
Goddard, Dr James Hansen, Prof. Sandy Harrison, Dr
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Hoegh-Guldberg, Dr Marika Holland, Christian Hunt, Dr
Nat Johnson, Prof. Phil Jones, Dr Alison Kay, Dr Elizabeth Kendon, Dr Simon Lewis, Prof. Mike Lockwood,
Terry Marsh, Dr Jeff Masters, Dr Jerry Meehl, Dr Walt
Meier, Dr Annette Menzel, Dr Max A. Moritz, Dr Son
Nghiem, Dr Camille Parmesan, Dr Verity Payne, Prof.
Stuart Pimm, Prof. Colin Prentice, Dr Mike Raupach,
Dr Nick Reynard, Dr Jeff Ridley, Dr Reto Ruedy, Dr Ben
Santer, Prof. Mark Saunders, Dr Gavin Schmidt, Dr
Marko Scholze, Prof. Richard Seager, Dr Justin Sheffield, Dr Amber J. Soja, Prof. Richard Somerville, Prof.
Tim Sparks, Dr Julienne C. Stroeve, Jon Taylor, Dr Stephen Thackeray, Prof. Chris Thomas, Dr Peter Thorne,
Dr Kevin Trenberth, Olly Watts, Prof. Andrew Weaver,
Robin Webster and Dr Chris West.

In constrained economic times, it is vital that we do
not lose focus from tackling what remains the most
pressing challenge humanity faces. It falls to policymakers, journalists and civil society organisations to
communicate accurately and without bias the threats
we face from a warming planet.

Responsibility for any errors, omissions or mistakes
lies solely, of course, with PIRC.

Sir John Houghton

We’d also like to thank the Network for Social Change,
the Joseph Rowntree Charitable Trust and the 1970
Trust for supporting this work.

Former Director General of the UK Met Office

The authors of these Factsheets state clearly what
is known, and what isn’t, about the contribution that
human-induced climate change is making to shifting
weather patterns and other observed phenomena. I
commend them to anyone wishing to learn more about
the science of climate change - and particularly to
those communicating climate change to a wider audience, who need the facts at their fingertips now more
than ever.

Former Co-Chair of the Intergovernmental Panel on Climate Change (IPCC)

The global temperature record is an important indicator of
global climate change, and as a result is a major focus of attention for climate sceptics.

Summary
Average global temperature has increased 		
by around 0.75ºC since the beginning of the
20th century. Most of this is very likely to be 		
due to human greenhouse gas emissions.
All three main temperature data sets agree
on the broad trend, despite slightly different
analyses.
Each of the last three decades was warmer
than the last. The ‘noughties’ was the hottest
decade on record.
Long-term, temperatures are rising, but this
doesn’t mean that each year will be hotter 		
than the last.

Context
Every January,1 the global average temperature
for the previous year is announced by three independent organisations. Though a single year’s
ranking (‘hottest’ or not) attracts media attention,
only the long-term trend is evidence of climate
change.2
Before climate negotiations in Copenhagen
(2009) and Durban (2011), private emails from
those working on global temperature data were
published on the Internet (now referred to as ‘Climategate’).3 Since then, nine independent reviews
have cleared the scientists involved and their work
(for more, see: bit.ly/climateg8).4
What’s more, the average global temperature is
only one piece of evidence of a warming world.5
Other long-term trends like shrinking Arctic sea
ice, advancing spring (see p.10 and p.24 respectively), glacial retreat, melting permafrost and sea
level rise are consistent with the warming evident
in the temperature record.

Background science
Every day local temperatures are recorded by
thousands of weather stations on land, and on
buoys and ships at sea.6 Though the number of
weather stations has changed over time, today
data from between 4,000 and 6,000 of these
weather stations are used to calculate average
temperature across the globe.7
Three main organisations independently analyse
and process data to perform this calculation:
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--GISTEMP (bit.ly/gistemp) - NASA Goddard Institute of Space Studies (GISS) in the USA.
--HadCRUT (bit.ly/hadcrut) - University of East Anglia Climatic Research Unit (UEA CRU) and the
Met Office in the UK.
--NCDC (bit.ly/ncdc_noaa) - National Oceanographic and Atmospheric Administration (NOAA)
in the USA.
All three records show:
--An overall long-term warming trend, showing
an increase of roughly 0.75ºC (+/-0.05ºC, so between 0.7ºC and 0.8ºC8) since the beginning of
the 20th century.9 (Other research shows most of
this is very likely due to human greenhouse gas
emissions.10,11)
--Very similar year-on-year ‘ups and downs,’
(natural variations).12 (The El Niño Southern Oscillation (ENSO, p.14), volcanic and solar activity
account for most of these. Without them, the
long-term trend is much clearer.13,14)
--That each of the last three decades was warmer
than the last (by 0.15-0.2ºC on average).15
--That all ten of the hottest years have occurred
since 1998.16
Independent analyses of the raw data have been
conducted by many people, sceptics included.
Even the Berkeley Earth Surface Temperature
(BEST) project – set up following ‘Climategate’ to
resolve criticism of existing temperature analyses by ‘starting from scratch’ – show very similar
trends (see bit.ly/bestcomparison).17 All reasonable methods produce almost identical results.18
Small differences in results (for example which
year is recorded as hottest) stem from differences in analyses - differing ways of dealing with
issues in the raw data.19 Some problems will always remain (hence the +/-0.05ºC uncertainty20)
whilst others can be ironed out, or reduced for
instance:21
--Unreliable or poor quality data. Data recording is
not always good. Bad data sometimes simply cannot be used.22 Large amounts of bad data can skew
results unrealistically, though small bits that slip
through won’t have much effect.23
--Different surroundings.24 The infrastructure in a city
makes it slightly warmer than nearby rural areas –
the Urban Heat Island (UHI) effect.25 It is colder up a
mountain than down in a valley next to it.26 Globally,

--Short or interrupted records. Old thermometers
are replaced with new ones, or with better technology. Weather stations are closed down, break or are
moved to different sites.29 Interruptions are often
identifiable during analysis (for example a sudden
‘jump’ in temperature), and the record at that station
is calibrated to make it continuous; to make sure any
increase (or decrease) in temperature is not artificial.30
--Uneven distribution. There are more weather
stations in densely populated areas. The Southern Ocean, Africa, Antarctica and the Arctic have
relatively patchy coverage.31 We can’t change history, instantly move, or buy more weather stations
to get better coverage. Attempts to deal with this
problem vary:32 GISTEMP assumes the temperature
anomaly in an area without many weather stations
(most notably the Arctic) is the same as the nearest
weather station (within reason33).34,35 HadCRUT and
NCDC make no such assumption,36 effectively assuming that the temperature change in these areas
is the same as the average.37 GISTEMP has slightly
higher estimates of average global temperatures as
a result, since Arctic regions in particular have been
warming faster than the average. For more information, see bit.ly/datadiff.

What the sceptics claim
The temperature data is unreliable.38,39 The data
is not perfect,40 but many imperfections are ironed
out or reduced,41 and those remaining leave
an estimated +/-0.05ºC of uncertainty:42 much
smaller than the observed warming of around
0.75ºC since the beginning of the 20th century.43
There’s been no global warming since 1998 / this
decade / this century.44,45 Global warming does
not mean that each year will be hotter than the
last. There is lots of natural variability - daily to
decadal ‘ups and downs’, caused mainly by other
factors (ENSO, volcanic and solar activity).46,47
Short-term flat or cooling periods have happened
before (take a look at the graphic below).48 Longterm, the trend is still on average 0.15-0.2ºC
warming per decade;49,50 each of the last three
decades have been warmer than the last (for
more info see bit.ly/temperaturetrends).51

The observed warming is caused by the Urban
Heat Island (UHI) effect52,53 or ‘poorly’ located
weather stations.54 Urban, rural, land and ocean
temperatures are all rising.55 The UHI effect has
only a minor impact (roughly 0.02ºC of the 0.75ºC
temperature rise over the last century56), and is
corrected for in analyses.57,58 Both ‘poorly-located’
and ‘well-located’ weather stations show warming.59 (Sceptics help disprove their own argument
here: bit.ly/sitelocations)
The weather stations are being cherry-picked.60
It is true that not all weather stations’ data are
used. However, most of those dropped actually
show more warming than those kept – including
them would increase the warming trend.61 Analyses that use more of the data do not show any significant changes in the long term trends.62,63
Also, there is a huge amount of other evidence
that indicates a warming world (some of which is
discussed in other factsheets).64,65

What the scientists say
Dr Vicky Pope (Met Office): “The [main 3 temperature] datasets are all independent, and they all
show warming.”66

Experts
Dr James Hansen
NASA, USA

Climate models;
temperature & satellite
data
james.e.hansen@nasa.gov
+1 212 678 5500 GMT -5

Prof. Phil Jones (University of East Anglia Climatic
Research Unit): “The fact that 2009, like 2008,
will not break records does not mean that global
warming has gone away. What matters is the underlying rate of warming - the period 2001-2007 ...
was 0.21ºC warmer than corresponding values for
the period 1991-2000.”67

Dr Reto Ruedy

Prof. Myles Allen (University of Oxford): “Even in
the 80s [2008] would have felt like a warm year ...
For Dickens this would have been an extremely
warm year.”68

Prof. Phil Jones

Dr Gavin Schmidt (NASA): “for any individual year,
the ranking isn’t particularly meaningful. The difference between the second warmest and sixth
warmest years, for example, is trivial.”69 (The
difference is a few hundredths of a degree centigrade.70)

p.jones@uea.ac.uk
+44 (0)1603 592090 GMT

Dr John R. Christy (University of Alabama), a longtime sceptic, acknowledges: “Long-term climate
change is just that, “long term”, and 12 months of
data are little more than a blip on the screen.”71

NASA, USA

NASA temperature record;
greenhouse effect
rruedy@giss.nasa.gov
+1 212 678 5541 GMT -5
CRU, UEA, UK

CRU temperature record;
paleoclimate

Dr Gavin Schmidt
NASA, USA

NASA temperature record;
climate models
gschmidt@giss.nasa.gov
+1 212 678 5627 GMT -5

For more info

What the data says
Global Average Temperature
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the UHI has contributed only 0.02ºC of warming over
the last century.27 To minimise these differences, the
raw data are converted into temperature anomalies a change in temperature from a reference period or
baseline. This change in temperature is similar both
up a mountain and down in the valley next to it; in a
city or surrounding rural areas.28
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ARCTIC SEA ICE

ARCTIC SEA ICE
The Arctic contains a thin, vulnerable layer of sea ice which
reaches a minimum every September, providing a regular opportunity to highlight the impacts of climate change.

Summary
The Arctic is warming roughly twice as fast as
the global average.
The long-term decline of Arctic sea ice is due
to rising temperatures. This long-term decline
reinforces natural variability in record low 		
years.
Even when a record low in sea ice occurs, the
long-term trend is still most indicative of
climate change.
The Arctic is changing faster than predicted
by the IPCC in 2007. As a result, projections
of ice-free Arctic summers have been 		
brought forward.

Context
In 2007, sea ice extent reached a dramatic record
minimum, 23% below the previous record.1 This
caused considerable alarm among some Arctic
scientists, leading to statements such as: “the
Arctic is screaming”,2 “[it’s] in its death spiral”3
and “the canary has died”.4 Others, such as
Vicky Pope at the Met Office and science blogger William Connolley, were more cautious.5,6
They pointed to natural variability (year-to-year
changes in weather or ocean currents and cycles)
as a possible cause of the record decline.
Since 2007 the minimum moved closer to the
long-term trend, as Connolley and Pope suggested it might. A decline in both maximum7 and
minimum extent (the highest and lowest areas
covered by sea ice in a particular year, respectively) can be seen in the long-term trend (see
graphic below). The minimum has been dropping
at a rate of roughly 13% per decade since 1979.8
2011 was the second lowest recorded sea ice extent. 9

Background science
The Arctic is warming around twice as fast as the
global average, largely due to an amplifying (or
‘positive’) feedback.10,11 Losing bright reflective
ice leads to more heat being absorbed by darker
ocean surfaces, and more regional warming,
which in turn leads to more ice melt. This doesn’t
necessarily mean it is a ‘runaway’ process, or that
it might reach a ‘tipping point’.12 The extra amount
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that melts because of the less reflective surface is
only a small fraction of the initial melt - it adds up
much like interest on a bank account.13
Arctic sea ice is affected by a combination of
ocean currents and weather patterns (temperature, wind, cloud cover etc.) as well as the
increasing influence of climate change.14 It’s not
just the area (or extent) of ice that is affected recurrent melting means that seasonal ice isn’t
able to build up thickness, a process which takes
a number of years.15 It is therefore more vulnerable to fluctuating weather conditions, since it
becomes easier for small changes to melt the
reflective ice, supplementing the feedback.16
Because of these interactions, there is debate
about whether ice extent (a measurement of surface area with greater than 15% ice, most commonly used), area, thickness, volume or age is the
best measure or predictor of its future behaviour.
However, the overall thickness (and hence volume) of the sea ice is also falling (for more info,
see: bit.ly/icemetric).17 By 2009 only 10% of the
Arctic ice was more than two years old, compared
to 30% on average between 1981 and 2000.18
The 2007 IPCC report said “summer sea ice is
projected to disappear almost completely towards
the end of the 21st century.”19 In 2009, the Copenhagen Diagnosis, published by 29 leading climate
scientists (including several IPCC authors) updated this forecast, noting that:
“The observed summer-time melting of Arctic
sea-ice has far exceeded the worst-case projections from climate models of the IPCC AR4... The
warming commitment associated with existing
atmospheric greenhouse gas levels means it is
very likely that in the coming decades the summer
Arctic Ocean will become ice-free, although the
precise timing of this remains uncertain.”20,21 (to
read more: bit.ly/sensitivearctic)

What the sceptics claim

What the scientists say

Experts

Arctic sea ice is recovering.28 Just because there
isn’t a new record low, this does not mean that the
long-term trend has changed. Arctic sea ice is still
in decline; there is no evidence of ‘recovery’.29,30
Furthermore, as explained above, the sea ice is
melting much faster than expected, which has led
to predictions of an ice-free Arctic being brought
forward by roughly 40 years.31

Dr Vicky Pope (Met Office, UK): “The record-breaking losses in the past couple of years [2006-7]
could easily be due to natural fluctuations in the
weather, with summer ice increasing again over
the next few years.”39

Dr Jeff Ridley

It’s not us: it’s natural variability / it’s the
wind.32,33 There is a lot of natural variability in the
Arctic, but this can’t explain the long-term trend.
The only explanation for this trend is warming
caused by increased atmospheric concentrations
of CO2 - a clear and distinct ‘human fingerprint’ on
long-term Arctic sea ice melt.34
It’s underwater volcanoes.35 There are volcanic
eruptions under the Arctic, but the heat doesn’t
reach the surface, and there’s nowhere near
enough of it to melt all the ice.36
37

There was less ice in the 1930s. Satellite records began in 1979. To know what happened
before then scientists have analysed a variety of
different shipping records and historic accounts.
Analysis of Russian ice charts and other data sets
shows Arctic sea ice minima over the last decade
are lower than those in the 1930s and 1940s (see
bit.ly/arctichistory).38

What the data says
Arctic Sea Ice Extent

Dr Gavin Schmidt (NASA Goddard Institute for
Space Studies, USA): the Arctic is “a good reminder
that uncertainty in model projections cuts both
ways.”40
Dr James Overland (National Oceanic and
Atmospheric Administration): “The melting is happening faster in the real world than it has in the
models”.41
Dr Ted Scambos (National Snow and Ice Data
Centre, USA): “The main message is not so much
whether or not we set a record, but this year
[2011], without any noticeably unusual pattern of
weather, we nearly broke a record, which only four
years ago took a very unusual weather pattern
plus a warming Arctic to achieve”.42
Dr Christophe Kinnard (Centro de Estudios Avanzados en Zonas Aridas, Chile): “This drastic and
continuous decrease [in Arctic sea ice] we’ve
been seeing from the satellites does seem to be
anomalous... It does point to a continuation of this
trend in the future.”43
Dr Walt Meier (National Snow and Ice Data Centre,
USA): “If we get another warm year, anything like
2007, then the ice is really going to go. And the
chances are that at some point in the next few
years we are going to get a warm one.”44

Maximum & Minimum,1979-2011
16m km2

Trend
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Met Office, UK

Sea ice models
jeff.ridley@metoffice.gov.uk
+44 (0)1392 886472 GMT

Dr Marika Holland
NCAR, USA

Sea ice models & history
mholland@ucar.edu
+1 303 497 1734 GMT -7

Dr Son Nghiem
NASA, USA

Sea ice thickness & age
son.v.nghiem@jpl.nasa.gov
+1 818 354 4321 GMT -8

Dr Julienne Stroeve
NSIDC, USA

Sea ice; satellites; albedo
stroeve@kryos.colorado.edu
+1 303 492 3584 GMT -7

For more info
National Snow and Ice
Data Centre (NSIDC)
Arctic Sea Ice FAQs
bit.ly/arcticfaq
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Latest observations show Arctic sea ice is melting at least twice as quickly as computer simulations suggested,22-24 and is “unprecedented over
the last 1450 years.”25 Model runs now predict
the Arctic being ice-free (in the summer) around
40 years earlier than scientists predicted before
2007.26,27

Trend
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What caused the dramatic ice loss in 2007

8

bit.ly/2007causes

6

UNEP Climate Change
Compendium p.17-20
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Source: NSIDC, bit.ly/seaicedata

1979

1984

1989

1994

1999

2004

2009

0

bit.ly/climatecompendium

Latest News (NSIDC)
bit.ly/arcticnews
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Higher temperatures increase evaporation from
land, which in drier areas can increase temperatures further (a reinforcing or ‘positive’ feedback)
– less heat is lost through evaporation because
there is less moisture in soils, and more heat
comes in because fewer clouds form.44,45

DROUGHT
Already one of the most widespread and damaging natural disasters, drought is likely to impact more people, more severely,
as temperatures increase.

Summary
Drought happens all around the world, though
its impacts can be reduced and are not always
severe.
Severe drought, however, directly affects food
and water availability, and can kill.
Globally, since the 1970s, droughts are getting
longer and more widespread, but only perhaps
slightly more severe.
Drought projections are still not very accurate,
largely because they rely heavily on uncertain
precipitation projections.
Higher temperatures cause more evaporation
from land which will exacerbate drought in the
future.

Context
Drought is one of the costliest and most widespread natural disasters.1 Long droughts reduce
reservoir levels, limiting or cutting off water supplies for drinking and agriculture.2 Drought can
cause crop failure, leading to famine locally, and
rising food prices globally.3 Those dependent on
local land for food and water are most affected
by drought, and usually have the least capacity to
adapt.4 Drought can, and does, kill.5
Comparatively, the direct impacts of even severe
droughts in the UK (for example 1976, 1995-96)
are mild. Drought can diminish water supplies for
agriculture and people’s health can suffer, especially when there is also a heatwave (as in 2003).7
However, winter rainfall helps keep reservoirs
relatively full during summer droughts,8 and regulatory measures, like hosepipe bans, save water
for more important uses.9,10 In the UK, droughts
are not usually severe or long-lasting.11

Background science
Drought describes abnormally dry conditions
caused by below-normal precipitation (rain, hail or
snow) over months or years.12,13 It happens even in
wet regions because it is defined relative to local
conditions.14 Deserts don’t necessarily experience
drought because they are always dry.15 Drought
severity depends on how dry it is (intensity), how
long it lasts (duration) and how much area it covers (size).16,17
The direct impact of climate change on drought is
hard to estimate because:
--Measuring drought is hard.18 Groundwater and
reservoir levels, river flows and soil moisture all
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help measure drought.19 But these records are
often short and poorly spread out. Precipitation
and temperature data for basic ‘water-in, waterout’ calculations20 are more comprehensive, but
over-simplify the situation – dryness doesn’t
always mean drought.21
--Seeing if droughts have changed is difficult.
Droughts change in severity and frequency
year-to-year and decade-to-decade.22 They are
regional, and happen relatively infrequently,
meaning there may be insufficient data to show
any pattern or trend.23
--Many factors contribute to drought. Some factors may be influenced by climate change and
natural variations (El Niño Southern Oscillation
(see p.14), or monsoons), such as:24,25
-- Local rainfall.
-- Low levels of snowfall (which can cause ‘delayed’
drought as less spring meltwater flows down rivers).26
-- High local temperatures (which increase evaporation, removing water 27,28).

Other factors are hardly influenced by climate:
-- Irrigation systems and dams diverting water
courses.29,30
-- Land use change or erosion (which can cause more
water to evaporate or run-off).31,32
-- How many people require water and what they need
it for (increasing demand can mean supplies fall
short.)33,34

Since different combinations of these factors
interact to create the particular conditions of a
drought, the impact of climate change can be
difficult to identify.
However, some changes to drought have been
identified:
--Globally, the area affected by serious drought
has increased since the 1970s,35,36 and some
evidence suggests that droughts are intensifying,
though not by much.37-39

Drought also causes vegetation to dry out and die,
and can lead to fires.46 These release CO2, which
can enhance climate change (another reinforcing
or ‘positive’ feedback).47 Die-back in the Amazon,
caused by severe droughts in 2005 and 2010 (both
‘once-in-a-hundred-year’ droughts 48) released
more CO2 than the Amazon usually absorbs in a
year (see bbc.in/amazondrought).49,50 In the longterm, if sufficiently sensitive to drought, the Amazon could change from a sink to a source of CO251
though this may not be permanent.52
Projections
In general as global (and local) temperatures increase, drier areas are expected to dry further.53,54
Some research suggests that droughts will therefore become longer and more widespread, and be
more severe.55,56 Evaporation will likely play a bigger role under higher temperatures, which some
research suggests will lead to droughts much
more severe than ever recorded.57 Lower or less
frequent precipitation will still be the dominant
factor increasing drought in the future.58
More specific local (or regional) drought projections are quite uncertain.59 The precipitation
projections on which they rely include natural
variations such as ENSO and monsoons, which
are currently difficult to predict.60,61

What the sceptics claim
Droughts have happened before62,63 and are
(therefore) natural.64,65 The direct cause of a
drought is the particular conditions of the region,
which include natural factors.66 Climate change,
however, will likely play a larger part in drought
as precipitation patterns change and higher temperatures enhance evaporation.67
Flooding and rain mean drought projections are
wrong.68 More severe or frequent droughts do
not necessarily mean there will be no rain;69 and
short-term events are different from long-term
trends.70
71

There are contradictory projections. Many local
(or regional) precipitation projections are still not

very certain, and may change as we learn more.72
Generally, drying regions are likely to continue
getting drier, but the specifics are harder to predict.73
We can adapt agriculture to be more drought resistant so it’s not a problem.74 To an extent, water
management and food production can be adapted
to be more drought resilient.75 However, many
simply do not have the resources to adapt, and the
more frequent and severe drought becomes, the
harder it is to maintain such measures.76
Droughts are not becoming more frequent,
more severe or longer.77 Droughts are relatively
rare and so the quantity of data is small, making
identifying trends difficult.78 Some strong drying
trends have been established (for example in the
Sahel),79 and there is evidence that shows drought
becoming longer and hence more severe in some
areas.80-82
83

The IPCC was wrong about the Amazon. ‘Amazongate’ was widely reported in the media.84,85
The IPCC’s 2007 report said that “Up to 40% of the
Amazonian forests could react drastically to even
a slight reduction in precipitation,”86 referencing
a non-peer-reviewed WWF report. However, independent scientific studies concluded the same or
worse.87-89 For more info - bit.ly/amazongate..

What the scientists say
Dr Simon Lewis (Leeds University, UK): “If events
like this [severe drought in 2010] happen more
often, the Amazon rainforest would reach a point
where it shifts from being a valuable carbon sink
slowing climate change, to a major source of
greenhouse gases that could speed it up.”90
Prof. Isaac Held (National Oceanic and Atmospheric Administration, USA): ”There is a hint that
the current drying may be caused by what the
models suggest [climate change], but it’s only a
hint right now.”91
Prof. Thomas Reichler (University of Utah, USA)
“There is a lot of natural variation from year to
year [in the drying of the higher latitudes], but we
see a slow, gradual change.”92

These changes, however, have not been clearly
attributed to climate change.

Dr Justin Sheffield
Princeton University, USA

Water cycle; drought &
flooding extremes
justin@princeton.edu
+1 609 258 1551 GMT -5

Prof. Richard Seager
Columbia University, USA

Climate variability;
multi-year droughts
seager@ldeo.columbia.edu
+1 845 365 8743 GMT -5

Terry Marsh
Centre for Ecology and
Hydrology, UK

Hydrology; drought;
flooding
tm@ceh.ac.uk GMT

Dr Simon Lewis
University of Leeds, UK

Tropical forests; the
Amazon rainforest
s.l.lewis@leeds.ac.uk
+44 (0)113 3433 337 GMT

For more info
Drought - today and
tomorrow

Statistically significant trends, 1950−2008

bit.ly/futuredrought

--Regionally, since the 1970s, droughts in parts
of Africa and East Asia have become more severe, and those in southern Europe and eastern
Australia have experienced slightly severer
droughts.40
--These areas have dried significantly since the
1950s, with the Sahel (south of the Sahara) most
severely affected (see graphic below).41 Evaporation has contributed a small amount to drying
since the 1980s.42,43

Experts

Prof. Steven Running (University of Montana,
USA) “Globally, we’re seeing larger and longer
droughts.”93

What the data says
Annual Volumetric Soil Moisture

DROUGHT

Climate feedbacks

How severe is a drought,
and what does it mean
bit.ly/droughtmeasures

Current drought situation
in the UK
bit.ly/ukdroughtnow
Source: Sheffield, Justin; Wood, Eric F.
(2008) Global Trends and Variability
in Soil Moisture and Drought Characteristics, 1950 2000, Journal of
Climate, vol. 21, issue 3, p. 432.
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EL NiñO

El Niño
The El Niño Southern Oscillation (ENSO) involves abnormal warming (or cooling) of the central and eastern Pacific Ocean, brought about by interactions
between the ocean and the atmosphere. It has impacts around the globe.

Summary
ENSO is a major part of the natural variability
of the Earth’s climate.
Comparatively frequent El Niños (warm 		
phases) likely contributed a small amount
to global warming between 1976 and 1998.
A possible shift to more frequent La Niñas 		
(cool phases) may have moderated warming
since.
The effects of climate change on ENSO are
incredibly difficult to identify because it is such
an irregular cycle.
We don’t know yet how climate change might
affect ENSO in the future, though it will likely
intensify some of the impacts.

Context
ENSO is a natural, irregular cycle that has happened for thousands of years.1 No link to climate
change has been definitively established.2,3 There
are, however, similarities between ENSO and climate change:
--Prediction: Though ENSO processes are not
entirely understood, its general behaviour and
patterns are predictable.4,5 Specific regional impacts can be difficult to predict.6,7
--Impacts: ENSO affects temperature and precipitation patterns globally. It changes the likelihood
of floods, droughts and tropical storms/hurricanes in different areas.8
--Attribution: While it is difficult to explicitly label
individual extreme events as being caused by El
Niño or La Niña, they are strongly linked.9
However, the impact of ENSO only lasts for the
duration of the cycle (a few months to two years),
or with a small delay.10 Changing somewhat irregularly year-to-year, it is responsible for much
of the ‘noise’ (or natural variation) in various climate indicators.11

Background science
ENSO involves an interaction between ocean and
atmosphere in the tropical Pacific Ocean.12 A La
Niña (the cool phase of ENSO) is a stronger version of normal (or ‘ENSO neutral’) conditions: a
more intense cooling of the central and eastern
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Pacific Ocean. El Niño (the warm phase of ENSO)
refers to an abnormal warming of these areas
of Pacific Ocean.13 The ocean warming causes
a change in the winds, which in turn causes a
change in the ocean surface temperatures, reinforcing the initial warming - a ‘positive’ feedback
which builds El Niño.14,15
The change between El Niño and La Niña is
somewhat erratic: the two phases occur at irregular intervals of two to seven years, lasting between
a few months and two years.16,17 There can be several El Niños or La Niñas in a row, with ‘neutral’
conditions in between (see graphic below). The
strength of an El Niño or La Niña varies significantly.18
ENSO forecasting models can predict El Niño or
La Niña six-to-nine months in advance by recognising ocean temperature patterns.19 It is more
difficult to predict the strength20 or specific local
impacts of a phase, because ENSO behaves inconsistently.21,22 It is not entirely understood what
initiates or ends the reinforcing feedback.23
Global Impacts
ENSO (El Niño and La Niña on average) has likely
contributed about 0.06ºC to global warming since
1950.24 El Niño contributions to individual years
can be larger. 1983 and 1998 featured ‘super El
Niños’ far stronger than previously recorded.25 The
super El Niño of 1998 (the hottest year in the Met
Office record26) likely contributed 0.17ºC of warming to that year.27 An El Niño causes a temporary
increase in global average temperature for two
reasons: 28
1. Redistribution of heat: a larger portion of
the surface of the Pacific Ocean is warmer
than normal, so there is more evaporation.
This transfers heat from the ocean to the
atmosphere.
2. Enhanced greenhouse effect: more evaporation also means more water vapour (also a
greenhouse gas), which reinforces this effect
- another ‘positive’ feedback.
With La Niña, a larger portion of the surface of the
Pacific Ocean is cooler than normal, so there is
less transmission of heat from the ocean into the
atmosphere.29 Despite this, 2011 was the warmest
La Niña year ever recorded (for more information
see: bit.ly/2011lanina).30

ENSO ‘focuses’ weather in particular areas. Effects are most severe in the equatorial Pacific,
tropics and Pacific rim countries:
--Precipitation: El Niño is linked to heavy rainfall
and flooding along the western coast of South
America, and drought in Indonesia, India and
Australia.31,32 La Niña has opposite, though not
necessarily equal effects.33,34
--Storms: La Niña tends to bring more hurricanes, typhoons and tropical cyclones over the
Atlantic and Gulf of Mexico. El Niño suppresses
them along the eastern coast of North America,
and increases storm activity over the Pacific
Ocean. 35-37
ENSO also affects parts of East and South Africa,
and parts of Asia; 38 it has only minor impacts in
Europe and the UK. It can be difficult to untangle
the effects of climate change and ENSO. Because
ENSO is irregular, it is difficult to tell if there are
changes due to global warming.39 Some evidence
suggests a link to the increasing intensity of the
floods and droughts associated with ENSO (see
p.12 and 14 respectively).40 Climate models disagree on the future effects of climate change on
ENSO - some predict stronger phases, some
weaker and others no change.41-44 Because ENSO
influences global weather patterns so strongly,
it is one of the reasons there is uncertainty in regional projections of climate change. 45

What the sceptics claim
Global warming is due to El Niño.46-48 El Niño
does temporarily enhance the global average
temperature. But ENSO cycles are short - a few
years maximum.49 ENSO has likely contributed
only 0.06ºC to the 0.55ºC increase seen in global
average temperatures since 1950 (note the total
warming since 1900 is roughly 0.75ºC50 see p.8).51-53

Climate models are unreliable because they
can’t simulate ENSO.54 Climate models simulate ENSO well on a global scale,55 but are often
less accurate regionally.56 There is disagreement on how (or if) ENSO might change in the
future,57,58 but greenhouse gases have, and will
likely continue to be responsible for most of the
warming,59,60 meaning global projections are still
reliable.
Global warming stopped in 1998.61 The Met Office
states that 1998 was the hottest year on record.62
Some claim wrongly (see p.8) that this means
global temperatures have been falling since
then.63 In 1998 there was a super-El Niño, which
gave an extra boost to temperatures, on top of the
long-term warming.64 Global average temperatures in 2010 and 2005, were very close to 1998 –
despite being unaided by any super
El Niño.65,66

What the scientists say

Experts
Prof. Mark Saunders
UCL, UK

Climate variability; ENSO;
seasonal forecasting
mas@mssl.ucl.ac.uk
+44 (0)1483 204187 GMT

Dr Matthew Collins
Met Office, UK

ENSO in climate models;
ocean-atmosphere
interactions

John Cook (Skepticalscience.com): “Data analysis,
physical observations and basic arithmetic all
show ENSO cannot explain the long-term warming trend over the past few decades.”67

matthew.collins@
metoffice.gov.uk
+44 (0)1392 723984 GMT

Dr Wenju Cai (Commonwealth Scientific and Industrial Research Organisation, Australia): “While
the possibility of large changes in ENSO cannot
be ruled out, research conducted to date does not
yet enable us to say precisely whether ENSO variability will be enhanced or moderated, or how the
frequency of events will change.”68

IRICS, USA

Michel Jarraud (Secretary-General of the World
Meteorological Organisation): “La Nina is part of
what we call ‘variability’. There has always been
and there will always be cooler and warmer years,
but what is important for climate change is that
the trend is up; the climate on average is
warming.”69

Dr Lisa Goddard
Near-term climate change;
forecasting
goddard@iri.columbia.edu
+1 845 680 4430 GMT -5

Dr Kevin Trenberth
NCAR, USA

Natural variability; ENSO;
atmosphere; hurricanes
trenbert@ucar.edu
+1 303 497 1318 GMT -7

For more info

What the data says
ENSO Index

El Niño

La Niña

ENSO Neutral

3

A whole host of ENSOrelated info
bit.ly/ensoinfo

Top misconceptions
about El Niño explained

2

1

bit.ly/topmisconceptions

0

El Niño and global
warming on Real Climate
bit.ly/whatisenso
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Source: NOAA’s Oceanic Niña Index , see: 1.usa.gov/ensodata

2010

Non-technical El Niño
explanation
bit.ly/nontechy
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FLOODING
Climate change is likely to increase flooding, and given physical
limits to flood adaptation, emissions reductions are needed to
prevent unmanageable flooding in the future.

Summary
Identifying the influence of climate change 		
in observations is difficult because many
factors contribute to flooding.
However, it is likely that climate change will
contribute to flooding from rising sea levels,
melting glaciers and by intensifying rainfall.
In parts of the Northern Hemisphere, climate
change has contributed to more intense 		
heavy precipitation since the 1950s.
Multiple factors likely contributed to a
substantial global increase in large floods over
the 20th century.

Context
Floods affect roughly 140 million people every
year – more than all other natural disasters put
together.1 They contaminate drinking water, ruin
harvests and wash out fertilizers and nutrients
from soil; water-logged fields rot food and spread
crop diseases, prolonging famine.2 Stagnant water
contaminated with sewerage, fertilizers and oil
spread water-borne diseases like typhoid, cholera
and diarrhoea.3 Floods interrupt power supplies,
communications and transport; they damage
homes, property and infrastructure.4 Floods can
also trigger landslides.5 Many impacts will worsen
as temperatures continue to rise.6
If flood risk continually increases, adaptive measures become obsolete – there are limits on how
high we can build flood defences, for example
– we can’t play ‘catch-up’ forever.7 British people
exposed to flooding regard climate change as
more concerning and less uncertain, even if the
flood cannot be attributed to climate change. They
also feel that their actions will have an effect on
climate change and are more prepared to act.8

Background science
Increasing temperatures affect flooding directly:
--Rising sea levels (from melting land ice, and
ocean expansion due to warming), in combination with cyclones and high tidal surges, increase flood risk.9
--Melting glaciers put pressure on watercourses
downstream which can cause flooding.10
and indirectly:
--By encouraging evaporation and reducing con-
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densation, the atmosphere is able to hold more
water.11 This is like fuel for weather systems,12-15
increasing the chances of more intense precipitation which, given the right conditions, means
more flooding.16 Atmospheric water vapour has
increased by 5% over the 20th century, in line
with what basic physics expects from the observed temperature rise.17-19
But identifying the influence of climate change in
observations is difficult, for several reasons:20
--Measuring flooding is hard. Direct measurements of flooding, and factors that influence
flooding (heavy precipitation, continuous wet
periods, glacier-melt, sea level rise, river flow,
water run-off from land) are often short-term
or only cover small areas.21 Changes in these
factors don’t necessarily mean more or less
floods.22 Measuring economic damages from
flooding can include changes in population,
wealth and infrastructure on floodplains and in
coastal areas, rather than just changes in flooding.23,24
--Finding a trend is difficult. Floods are regional
and happen relatively infrequently, making
trends hard to identify.25 Long-term trends
can be hidden by significant year-to-year and
decade-to-decade variation.26,27 Average precipitation need not change much for more floods to
occur – the same amount of rain might fall in
more intense but sporadic events, increasing the
likelihood of flooding.28
--Many factors contribute to different types of
floods. Local precipitation and water availability
can be influenced by climate change but also
depend on atmospheric circulations,29 natural
cycles like the El Niño Southern Oscillation (see
p14), and monsoons.30 Human factors like landuse change, water management and irrigation
have all affected watercourses; agriculture,
deforestation, loss of flood plains, and urbanisation can all affect the likelihood or severity of
flooding.31
--Attribution to climate change is hard.32,33 The
impact of climate change on, or amongst, the
multiple factors that create the particular circumstances of a flood (or a trend in flooding)
can be difficult to identify.34,35 It is difficult to say
that climate change is the cause of a flood, but
it can affect the likelihood of one – for example
one study found that the floods in the UK in 2000

|n the UK, floods have become slightly more frequent over the last 30-40 years,38-40 as have longer
periods of rainfall (a major cause of flooding).41
Over the 20th century, winter rain has been more
‘flashy’ (falling in more sporadic, but intense periods), though in summer the opposite is true.42 All
of these changes, however, are small and at present indistinguishable from natural variations.43
Very generally, the north of the UK is likely to get
wetter in winter, the south drier, though the reliability of such specific regional projections is low
(see bit.ly/ukprecip for more info].44
World
Globally, large floods have become substantially
more frequent over the 20th century,45 with large
inland floods twice as frequent per decade between 1996 and 2005 as between 1950 and 1980.46
Some of this is likely due to better reporting and
changing land use.47
The number of heavy precipitation days 48 and
sudden downpours49 has increased over the
last half of the 20th century in many areas of the
Northern Hemisphere. Though total or average
precipitation may not have changed much, evidence suggests climate change is causing it to fall
in more intense bursts.50,51 All these trends are
likely to continue.52
These observations have been at the upper end
of IPCC projections, suggesting that models
may be underestimating intense precipitation
increases.53,54 Future projections vary widely and
few robust regional projections have been made.
Generally, higher latitudes will become wetter,
making flooding more likely.55,56 However, because
flooding is very localised, and depends on many
factors, it is hard to say where and when floods
might be more or less common.

What the sceptics claim
Flooding is not caused by climate change.57
Climate change affects some of the factors that
cause, and can exacerbate flooding - by concentrating or intensifying precipitation; and by melting

What the data says

land ice and warming oceans, contributing to sealevel rise.58

FLOODING

were twice as likely to have happened because of
climate change.36,37

There have always been floods.59-61 Large floods
have become substantially more frequent globally
over the 20th century, as we’d expect in a warming
climate, and they will likely become even more
frequent as temperatures increase. 62
Rainfall hasn’t increased, and won’t increase.63
Average rainfall doesn’t have to change that much
for there to be an increase in flooding. If the same
amount of rain falls in shorter, heavier events,
floods are more likely.64
Increased damages from flooding are due to
more people living and building on flood plains.65
As well as these social factors, bigger, more frequent floods increase damages,66,67 and due to
climate change will likely play a bigger role in the
future.68
You can’t blame drought and floods on climate
change.69 Observations already show an increase
in extreme precipitation and in drought, though
in different places (see graphic below).70 Generally, wet places will get wetter (and make flooding
more likely), and dry places will get drier (making
droughts more likely).71

What the scientists say
Prof. Ian Cluckie (University of Bristol, UK): “Ten
per cent of UK housing is on flood plains, but this
is quite low compared to some countries – it is
70% in Japan and 100% in the Netherlands.”72
Dr Kevin Trenberth (National Center for Atmospheric Research, USA): “There is a systematic influence on all of these weather events now-a-days
because of the fact that there is this extra water
vapor [sic] lurking around in the atmosphere ...
this is one manifestation of climate change.”73
Prof. Stefan Rahmstorf (Potsdam Institute for
Climate Impact Research, Germany): “Looking only
at individual extreme events will not reveal their
cause, just like watching a few scenes from a
movie does not reveal the plot.”74
Dr Andrew Weaver (University of Victoria, Canada):
“We should continue to expect increased flooding
associated with increased extreme precipitation
because of increasing atmospheric greenhouse
gas.”75

Changes in Annual Precipitation 1951-2000
Change in global
annual precipitation
when averaged over
the whole world
between 1951-2000
is only -0.03mm/day.
Source: NASA,
1.usa.gov/precipmap
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For more info
Great satellite pictures of
floods (2001-present)
bit.ly/floodimages

A summary of research
showing human effects
on rainfall
bit.ly/humaneffect

Flood insurance and
climate change
bit.ly/flood-insurance
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Both natural cycles and climate change can
contribute to the local high-temperature
periods of a heatwave.
Local temperatures during the heatwaves in
Europe (2003) and in Russia (2010) were much
higher than extremes for these places over the
last 510 years.
Globally, heatwaves on average have become
slightly hotter and more frequent.
This trend is likely to continue, with record 		
heatwaves experienced more often in some
areas.

Context
Recent heatwaves in Europe (2003) and Russia
(2010) were literally off the scale, with temperatures significantly higher than the ‘extremes’
of the last 510 years,1 and had less than a onein-750 chance of occurring naturally in the climate
a few decades ago.2,3 Climate change projections
suggest heatwaves like these will become more
common in the future if we do little to mitigate
climate change:4 they may be the ‘norm’ by the
2040s,5,6 with a possibility that “by the end of the
century, 2003 would be a cool year” (Dr Myles
Allen, Oxford University, UK).7
Historically, the UK has rarely experienced severely high temperatures, but projections suggest
we too will have longer, hotter and more frequent
heatwaves in the future.8 Currently, planning to
cope with heatwaves is not a major part of central
and local government policy, especially outside
the healthcare sector.9 A recent UK survey of
those most at risk from heatwaves (the elderly
and unwell), found they hugely underestimated
the danger of a heatwave.10

Background science
Typically, a heatwave is declared once it has been
hotter than a particular temperature for a number
of days, though there is no universal definition.11
Impacts
A heatwave has detrimental effects on human life,
regional economies and ecosystems.12 Anything
that is used to near-constant temperatures, or
that functions near its temperature limits, is vulnerable to heatwaves.13
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Heatwaves with hot nights (as well as days) are
more dangerous as there is no respite from the
heat.14 Humid heat is more dangerous than dry
heat,15 as it is more difficult to cool down by
sweating.16 Even in dry heat, we rarely survive
temperatures that stay higher than 45ºC for
long.17 Less severe heatwaves can and do kill
– through heat exposure, or by aggravating preexisting conditions.18 The very young, elderly and
unwell are at most risk.19,20 Air pollution in cities
intensifies the impacts of a heatwave.21,22 Changes
to behaviour (using air conditioning or resting during the hottest hours) and early warning systems
can reduce the impact.23-25
Knock-on effects such as damage to vegetation
from excessive heat, drought or wildfire could act
as reinforcing (or ‘positive’) climate feedbacks,26-28
and can kill by affecting local food and water
sources, or by increasing global food prices, as
in Russia in 2010 (see Drought, p.12 and Wildfires,
p.26 for more on these points).29
New extremes
Peak temperatures are rising much faster than
averages,30 in line with climate model predictions.31 Extremely hot days are becoming hotter
and more frequent, making heatwaves more
likely.32,33 Globally, there has been an observable
increase in the frequency of heatwaves.34 Since
the 1950s, heatwaves have been lengthening in
some places (central and easternEurope,35,36
Alaska, Canada, Siberia, central Australia 37); but
shortening in others (south-eastern USA, eastern
Canada, Iceland and southern China).38,39
Local temperatures are influenced not only by
climate change, but by cycles such as El Niño (see
p.14) and atmosphere and ocean circulations that
promote high-pressure systems. This makes attributing any heatwave to climate change difficult,
because both climate change and natural factors
contribute.40 New research can, however, tell if
climate change has made a heatwave more likely
– for example, the 2003 European heatwave was
at least twice as likely because of warming caused
by human greenhouse gas emissions.41 There
is only a 20% chance that the Russian heatwave
in 2010 would have happened without climate
change, and records like this are now five times
as likely.42
Europe (2003) and Russia (2010) experienced the
hottest heatwaves of the past 510 years, far out-

Little research has focused on future impacts of
heatwaves on poorer areas; but with little capacity
to adapt,58 they will likely be severe.59 Areas less
used to heatwaves are likely to be ill-prepared.60
Cities will be more severely affected than rural
areas.61 The World Health Organisation (WHO) estimates that every 1ºC increase in ‘apparent’ temperature (heat and humidity together), leads to 3%
more deaths in European cities.62 Fewer deaths in
generally milder winters will likely be outweighed
(up to five times by 2100) by more deaths due to
heatwaves.63,64

There are also loads of cold snaps!82,83 No-one is
saying there will be no cold periods. But, as average temperatures rise, we are likely to see more
record highs and fewer record lows. This trend
is already evident in the USA84,85 and Australia.86
Peak temperatures are also rising much faster
than the averages, making more extreme heatwaves more likely.87
It’s better when it’s warmer because cold winters kill more people than warm summers.88,89
As heatwaves get longer, hotter and more frequent the number of additional people killed by
them will likely outweigh the reduction in deaths
due to fewer harsh winters (up to five times by
2100).90,91

What the scientists say

What the sceptics claim

Dr Kevin Trenberth (National Center for Atmospheric Research, USA): “For extreme events, the
question isn’t, ‘Is it global warming or natural
variability?’ It is always both. The question is just
how much each is contributing.”92

You can’t attribute heatwaves to climate
change.65 Excessive heat can be caused by several
factors, making heatwaves difficult to attribute
directly.66 However, warming caused by additional
greenhouse gases has increased the likelihood of
some heatwaves.67

Dr Myles Allen (Oxford University, UK): “... on a
middle-of-the-road scenario for emissions - assuming we don’t do very much to combat climate
change - temperature heatwaves as high as the
one in 2003 would be occurring every other year
by the middle of this century, ... By the end of the
century, 2003 would be a cool year.”93

Heatwaves are natural.68-70 / There have been
heatwaves in the past.71,72 Recent heatwaves in
Europe (2003) and Russia (2010) were by far the
hottest of the last five centuries.73,74 Local temperatures are influenced by high-pressure systems, promoted by natural atmosphere and ocean
circulations, or cycles such as ENSO.75 However,

HEATWAVES

It’s the Urban Heat Island (UHI) effect.78 The UHI
effect can push already-high temperatures up further in cities, intensifying heatwave conditions.79
It is not the cause of heatwaves. Death rates are
also higher in cities during a heatwave due to air
pollution, making it seem as though the heatwave
is worse in urban areas.80,81

Dr Noah Diffenbaugh (Purdue University, USA):
“One might expect that an average warming of
four degrees would equate to each day warming
by 4 degrees, but in fact the hottest days warm
quite a bit more.”94
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What the data says
Average Summer Temperature

Crock of the Week
videos on heatwaves

Switzerland (day & night), 1864 - 2003

bit.ly/heatwavesvideo

Is this extreme down to
climate change?
bit.ly/extremeevents

2003

Summary

Future projections
Heatwaves are very likely to become generally
longer, hotter, and more frequent in places that
already experience them.51-53 In Europe, heatwaves such as 2003’s could become five-to-ten
times more likely over the next 40 years.54,55 One
study suggests that by 2300, with an eventual
global warming of 10ºC (possible under businessas-usual scenarios), heat and humidity would
make almost half of the world’s most populous
areas uninhabitable.56,57

climate change amplifies high temperatures, resulting in hotter, longer and more frequent heat
waves.76,77

2002

As average global temperatures increase, we are likely to see
more record highs, and fewer record lows. This would make
heatwaves longer, more frequent and more intense.

1923

HEATWAVES

side ‘normal extremes’ (see graphic below). They
caused approximately 70,00043-45 and 55,00046
deaths respectively.47 Because almost everything
has adapted to, or been made to withstand ‘normal’ historic extremes, the majority of impacts
are harmful outside this range.48,49 Keep in mind
though, that not all recent (and future) heatwaves
are outside of what would be expected.50

European (2003) and
Russian (2010)
heatwaves summarised
bit.ly/2003and2010

10

12

14

16

18

Temperature (°C)

20

22

24

26

Source: Schär, C. et al. (2004) The role of increasing temperature variability in European summer
heatwaves, Nature 427, 332-336.

Is climate change
affecting extremes?
bit.ly/extremelyhot
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SNOW & COLD

SNOW & COLD
Cold and snowy weather attracts media attention and can have
an impact on public opinion and concern about a warming
world, but it does not disprove climate change.

Summary
A warming climate does not mean the end of
cold or extreme winters.
Recent winters in the UK (and parts of the 		
USA) have been cold, but the temperature for
the entire Northern Hemisphere was warmer
than average.
In the UK, we could experience more cold 		
winters as the climate changes, though this is
still uncertain.
Globally, however, as temperatures rise, cold
winters are likely to be less severe, and less
common.
Snowfall may increase in some places as a
result of more evaporation in a warmer
climate.

Context
During the past few winters, the UK media ran
stories with headlines ranging from ‘It’s so cold
that global warming can’t be real’,1-3 to ’cold and
snowy weather is caused by climate change’.4-6
With or without this confusing media influence,
it is likely that the cold winter had some impact
on public belief in, or concern about, climate
change.7-9
Historically, the last few UK winters have only
been harsh relative to a period of quite mild
ones.10,11 The coldest UK winter12 of the last
century was 1962-63.13,14 Parts of the sea were
frozen, as was the river Cam and parts of the
Thames;15,16 over 400 league football matches
were postponed,17 with some pitches re-opening
as ice rinks.18 The second-coldest (and one of the
snowiest) was 1946-47:19 thousands of people
were cut off by snowdrifts up to seven metres
deep, and many villages relied on RAF helicopter
supplies; between January and March, snow fell
somewhere in the UK for 55 days straight.20

Background science
Climate gives us an idea of what ‘normal’ weather
might be at a given time of year, what the ‘extremes’ of weather look like, and how often these
extremes might occur. What is ‘normal’ and ‘extreme’ depends on the place. A cold and snowy
winter here might be relatively common (and

more extreme) than you would expect in southern
Spain, but less common (and less extreme) than
in Siberia - these places have their own climates.
The global climate defines what is normal and extreme typically for the world as a whole, taking all
these places into account.
Cold and snowy weather will still occur in a
warmer climate.21 This does not stop, cancel out
or disprove the long-term warming of the global
climate, but neither does it mean that cold or
snowy weather is caused by climate change.22
There are two main reasons for this:
1. What happens locally in the UK is not representative of what is happening globally (see
graphic below). Even though the winter of 200910 was the coldest in the UK for over 30 years, in
the Northern Hemisphere it was the fifth warmest winter on record.23,24 At the same time, it
was the hottest Southern Hemisphere summer
ever recorded.
2. Weather varies so much and so quickly that
any one ‘extreme’ weather event cannot tell us
much, if anything, about climate. Roughly 30
years of weather gives us enough information
to define what the climate of a region, or the
globe, might be. Similarly, we need long periods to see if what is ‘normal’ or ‘extreme’ has
changed. Changes over a few months (a cold
and snowy winter) tell us very little about what
is happening to the climate.
Natural cycles have been responsible for cold
and snowy winters in the past, and will produce
more in the future.25-27 Research suggests that as
the average temperature increases, cold winters
should become less severe and less common
globally.28 Local, more immediate impacts on
weather in the UK and USA are uncertain.29

The sun may also make a minor contribution
to cold spells.35 Low solar activity could either
contribute to changes in air pressure directly, or
influence the cycles described above, though this
is not conclusive.36,37 Cold winters in parts of the
Northern Hemisphere may even become more
common 38 - the ongoing reduction of Arctic sea
ice could cause additional changes in atmospheric
circulation,39-41 though scientific opinion is far
from settled on this point.42
Snow and climate change
Perhaps counter-intuitively,43 a warmer world
could lead to more snow in some places.44,45 More
warmth increases evaporation, which leads to
more moisture in the air and thus more precipitation.46 If it is sufficiently cold where or when this
precipitation falls, it will fall as snow.47 A warmer
world does not mean that there will be no cold
places - if winter temperatures usually reach
-6ºC, a warming of 2ºC will not stop it being cold
enough to snow.48

What the sceptics claim
It’s cold/it’s snowing, so climate change has
stopped/isn’t real.49 Very cold or snowy weather
is short-term and local.50 It does not disprove climate change. The long-term trend in global average temperature is upward.51,52
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Experts

Global warming is due to natural cycles, not
human activity.55 Natural cycles do play a part in
short-term weather.56-58 However, they cannot explain the long-term warming trend observed over
the last century.59,60 Only additional atmospheric
CO2 arising from human activity explains the trend
we see (for more: bit.ly/notnaturalcycles, PDF].61

UCL, UK

What the scientists say
Robert Henson (University Corporation for Atmospheric Research, USA): “People across the northern hemisphere are facing the fact that a warming
planet doesn’t get rid of winter ... now is a good
time to remind ourselves that weather, like death
and taxes, will always be with us.”62
Dr Kevin Trenberth (National Centre for Atmospheric Research, USA): “Too many think global
warming means ... relentless warming everywhere year after year. It does not happen that
way.”63
Dr James Hansen (NASA, USA): “The … 48 states
cover only 1.5 percent of the world area, so the
U.S. temperature does not affect the global temperature much.”64 (The UK covers only 0.05%.65)

It’s the sun. The possible contribution of low solar
activity to cold winters has re-ignited this common sceptical argument.53 But, whereas the solar
activity cycle lasts roughly 11 years, the warming

Dr Peter Stott (Met Office, UK): “The famously
cold winter of 1962/63 is now expected to occur
about once every 1,000 years or more, compared
with approximately every 100 to 200 years before
1850.”66

What the data says

Global Surface Temperature Anomaly

Winter 2009-2010, December-February (+0.68ºC)
The difference
between the
winter 20092010 average
temperature
and the
1951-1980
average.

Cold spells and climate change
Cold spells in the UK are caused mainly by natural
atmospheric cycles - the North Atlantic Oscillation (NAO) and Arctic Oscillation (AO), which can
be seen as slightly different regional outputs of
the same process.30,31 In the ‘negative phase’ of
both, changes in air pressure around the Arctic (the jet stream) allow more cold air to travel
south,32 resulting in cold weather for parts of Europe, North America and Northern Asia.33,34

Source:
NASA
GISTEMP
1.usa.gov /
wintermap
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For more info
Why a cold winter does
not disprove climate
change
bit.ly/reallygoodvideo

Winter of 2009-10
bit.ly/winter2009-10 [PDF]

The coexistence of
climate change with cold
and snowy weather
bit.ly/warmsnow

Why the last couple of
winters were so cold
-5.9
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trend is longer. On average over the last 35 years,
the sun has cooled slightly, whilst temperatures
have risen (see, for instance, bit.ly/climatesun).54
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Climate change will likely make a bad situation worse for many
species, and could become the main cause of species extinction
in the future.

Summary
The estimated rate of species extinction today
is 100-1,000 times higher than historically 		
‘normal’.
The actual number of recorded extinctions
is low; partly because we only know about a
small percentage of all species on Earth.
Climate change is not the main driver of
species extinctions either on land or in the 		
oceans at present.
However, it is exacerbating problems that 		
already threaten species and will likely
introduce more threats to species in the
future.

Context
In each of the five ‘mass extinctions’ of the past,
between 75-96% of all species became extinct.1
The last, roughly 65 million years ago, wiped out
the dinosaurs.2 In each, it took up to 10 million
years for species numbers to recover.3,4 All previous ‘mass extinctions’ are associated with abrupt
climate changes (though with different causes).5
The climate is changing faster than it was during
the last ‘mass extinction’ – we are releasing CO2
and acidifying oceans roughly ten times faster. 6,7
Other activities like deforestation and over-fishing
already threaten species.8 Changing land use and
more isolated ecosystems have made it harder
for species to adapt by moving.9 Though there is
evidence of this happening in many places,10-14 for
some species climate may change too fast for them
to adapt. Climate change will likely contribute to
a large number of species extinctions in the 21st
century,15,16 possibly becoming the main threat to
species.17

Background science
Since the year 1500, 869 species have become
extinct.18 This is very likely a significant underestimate because:
--Declaring a species extinct can take decades,
and requires monitoring over large areas.19
--Scientists don’t want to give up on a species too
early, prematurely stopping conservation efforts.20
--We only know about two million from a possible
30 million species on Earth.21,22 Many species
have likely been lost without us even knowing
they existed.
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--Only 3% of those species identified have been
assessed for risk of extinction.23,24
--Small populations of a species can become
functionally extinct.25 Though unlikely to recover,
they can take thousands of years to die out completely.26
--Local extinctions don’t count, even though they
can be a ‘first step’ towards global extinction.27
Estimates of extinction are extrapolated to include
species we don’t know about, making ‘rates of extinction’ higher, but perhaps more realistic. Currently, species are going extinct 100-1,000 times
faster than normal; and the rate is increasing (see
graphic below).28
Threats
Currently, habitat loss and invasive species are
the two main causes of extinction on land. Overfishing is the main cause of local extinctions in
the oceans.29 It is not yet known whether climate
change has been the main factor in any species
extinction. Often multiple threats act together.30
The extinction of the Golden Toad, for example,
has been linked to climate change, though other
threats also played a significant part.31
Species are threatened by changes in temperature (land and ocean), precipitation, and extremes
in both of these. Acidification (from absorbing
atmospheric CO2), changes in salinity (from more/
less precipitation near coastal areas) and anoxia
(insufficient oxygen for life) additionally threaten
ocean species.32
Species most at risk from climate change are
likely to be living in:33
--Historically stable climates (e.g. the tropics).
Species often cannot cope even with small
changes in climate.34
--Climates projected to change the most (e.g.
the Arctic). Species cannot cope with too much
change.
--Tight boundaries (up mountains, on islands or in
coastal areas). These barriers mean that species
don’t have anywhere to escape to.35
Climate change may have already contributed to
some species extinctions in these places.36
Projections
The main causes of species extinctions will likely
remain the same for some decades. Climate

--We don’t know anything about many species,41
so we don’t know if they can adapt.42

Where are all these species supposedly going
extinct?72,73 Recorded extinctions do not take into
account the millions of species we do not know
about, or haven’t assessed.74,75 The number of
recorded species extinctions is very likely a significant underestimate as a result.

--We don’t know the effects of species movement.
Displaced species could become invasive species, affecting native species.43
--The interactions between species (predator
and prey; competition for food and water), are
complex. We cannot project how existing or new
(‘novel’) ecosystems might work in the future.44,45
--Many different factors can contribute to species
extinction – it is difficult to project how they will
all change.
Therefore, projected species extinction figures
should be used only as a guide. Numbers vary
greatly depending on the amount and type of species studied and the methods used – from roughly
5% to almost 80%.46 All agree, however, that climate change will mean more extinction,47,48 and
could become the main cause of extinctions over
the next 100 years.49
Species extinction & biodiversity

Extinction is a natural part of evolution.76,77 Species have, and always will go extinct. However, the
estimated rate of extinction is currently 100 -1,000
times what is ‘normal’, and will likely increase at
least in part due to climate change.78 Evolution of
new species is not balancing these losses.79
But [this particular] species is now recovering
(or has even reappeared after we thought it was
extinct!), so there’s no problem.80 Conservation
efforts can change the trajectory of a species, decreasing the likelihood of extinction. But very few
species thought extinct reappear, and those close
to extinction rarely recover fully.81 Cherry-picking
specific species ignores the big picture – the estimated rate of extinction is currently 100-1,000
times what is ‘normal’, and is increasing.82

Biodiversity includes all species, sub-species,
populations, genetic differences within subspecies and populations, and the relationships
between them.50 If any one of these is lost, biodiversity decreases. Extinction of a species requires
all its sub-species, populations and individuals
to be lost. Biodiversity is lost faster than species
are.51-53 Global biodiversity has declined 30% since
the 1970s.54 Though it is difficult to disentangle
the impact of climate change from other causes
(as with species extinction),55 it is likely already a
large threat to global biodiversity.56,57

What the scientists say

What the sceptics claim

Prof. Chris Thomas (University of York, UK): “Many
of the most severe impacts of climate change are
likely to stem from interactions between threats …
rather than from climate acting in isolation.”85

It’s not climate change.58-60 Though climate
change is not yet a major driver of extinction, it
exacerbates other threats and is likely already a
large threat to biodiversity.61,62 Climate change is
expected to drive extinction rates up in the future,
potentially becoming the main cause.63
The numbers are exaggerated 64 / wrong 65-67 /
too uncertain.68 Extinction rates are estimates
(see above).69 It is unlikely that they over-estimate
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Prof. Stuart Pimm
Duke University, USA

Prof. Simon Stuart (Species Survival Commission,
International Union for the Conservation of Nature):
“There are uncertainties all the way down; the
only thing we’re certain about is the extent [of
extinction] is way beyond what’s natural and it’s
getting worse.”84

Prof. Chris Thomas

Dr Klaus Toepfer (United Nations Environment
Programme): “If one million species become extinct... it is not just the plant and animal kingdoms
and the beauty of the planet that will suffer. … Billions of people, especially in the developing world,
will suffer too as they rely on Nature for such
essential goods and services as food, shelter and
medicines.”87
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For more info
How climate change puts
species at risk
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bit.ly/speciesatrisk [PDF]
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Experts

Prof. Alex Rogers (International Programme on the
State of the Ocean): “We’re seeing a combination of
symptoms that have been associated with large,
past extinctions.”83

What the data says
100 000

EXTINCTION

the problem, and more likely that they underestimate it.70 All research agrees that extinction rates
are likely to increase over the next century, in part
due to climate change.71

Extinctions per thousand species per millenium

SPECIES EXTINCTION

change will likely exacerbate the situation – the
combination of threats will increase rates of extinction.37 It is difficult to project the exact threat
posed by climate change because: 38-40

Current extinction rate
is up to one thousand
times highers than the
fossil record

For every thousand
mammal species, less
than one went extinct
every millenium

Different species affected
by climate change
bit.ly/differentspecies [PDF]
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THE SEASONS

THE SEASONS
A warming world shifts the seasonal activities of plants and
animals, with uncertain consequences.

Summary
Natural events associated with the start of 		
spring have occurred earlier over the last few
decades.
Natural events associated with the start of 		
autumn are getting later, although this is less
pronounced.
Many independent lines of evidence confirm
this: studies on the ground, satellite data, and
CO2 records.
The changes are not necessarily uniform: 		
events for different species appear to change
at different rates. Not all species show
significant change.

Context
There is significant popular interest in the UK
in the changing seasons. BBC TV programmes
focusing on seasonal events in the natural world
such as Springwatch and Autumnwatch are very
popular. The first series of Springwatch had
around four million viewers.1,2
Seasonal changes provide opportunities for wider
public involvement in, and engagement with,
scientific research. Approximately 40,000 people
currently record the timings of natural events for
Nature’s Calendar, a survey run by the Woodland
Trust since 1998.3 In the UK, personal involvement
in this kind of research goes back to the 18th century.4 Several individuals have come forward with
long-term records. An 81-year-old woman from
Surrey was given an OBE in 2009 for her meticulous 62-year record of the leafing dates of trees
near her home.5

Background science
The study of the seasonal timing of natural events
is called phenology. On land, and at higher latitudes, the seasons are most pronounced. Many
studies which assess seasonal changes focus on
the Northern Hemisphere, as two-thirds of the
world’s land is there.6,7 This leaves the Southern
Hemisphere less well-studied.8
Many studies only look at the phenological response to climate change in one or two specific
species or populations of flora and fauna. ‘Metaanalyses’ review hundreds of scientific papers,
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(most pronounced in the Northern Hemisphere).
This shows CO2 being absorbed by plants as
they bloom (spring) and released as they die
back (autumn). Since the 1960s, the springtime
‘intake of breath’ has been coming progressively
earlier 27 (though less so since 199028).

encompassing tens of thousands of different
species, combining and comparing individual
results.9-12 The conclusions of these studies are
that the observed changes present a coherent
picture.13-16

--Satellites can measure the greening process
that sweeps across the Earth’s surface as plants
emerge from winter (see graphic below).29 Although there are difficulties in analysing data,30
this greening generally appears earlier with
plants staying in leaf longer.31-33

Spring

Impacts

Biological events associated with the start of
spring include the flowering of many plants, the
emergence of hibernating species, the arrival of
migrant birds and their egg-laying. Overall, these
events have come earlier on average by nearly
four days per decade in the UK and around twoto-three days per decade across the Northern
Hemisphere.17,18

Not all species change the timing of their activities at the same rate, which may cause time gaps
to open up in food webs. For example, Dutch
populations of one migratory bird (the Pied
Flycatcher) have declined by 90% because their
behaviour has fallen out of synch with that of the
caterpillars that are the main food source for their
young.34 This area of research, however, is still in
its infancy.35

The degree of change varies enormously between
species, partly because not all species use temperature to time their seasonal behaviour (some
use day length, for example), and others have
adapted by moving northward or to higher altitudes.19 Some species show little or no change.
In a major study across Europe, 30% of activities
studied were found to be getting significantly earlier and only 3% getting significantly later.20
There is a slightly greater advance occurring in
more northerly regions of the Northern Hemisphere where there is greater warming. This
variation, however, is very small compared to the
variation in advancement between species.21
Autumn
Biological events associated with autumn, such as
fruit ripening and leaf fall,22 have moved slightly
later in the year over the past half a century, by
about 0.3–1.6 days per decade over the Northern
Hemisphere.23 Autumn events are, however, less
clearly correlated with temperature than spring
events, and the factors affecting them are less
well understood.24,25
As a consequence of the earlier onset of spring
and the later coming of autumn, the growing season that stretches between the two has become
longer.26
Additional evidence
There are two other independent lines of evidence
for shifting seasons:
--The ‘breathing of the planet’: atmospheric CO2
concentrations rise and fall slightly over the year

The consequences for agriculture are expected
to be mixed. Regions closer to the poles should
benefit from the longer growing season36 but the
overall effect will also depend on whether crops
become more or less synchronised with pests and
weeds.37 It is likely that other factors will have a
greater impact on agriculture in many areas: land
use change, invasive species, and the availability
of water and other nutrients.38

What the sceptics claim
Where’s the advancing spring now? / spring’s
late this year so climate change isn’t happening.39-41 Spring does not start earlier neatly year
on year - there is a lot of natural variation, as
there is with annual temperatures.42 It is necessary to look at longer time frames to establish a
trend. Plants and animals are changing their activity as the world warms.43

What the data says

The advance of spring isn’t caused by temperature - it’s the increase in atmospheric concentration of CO2 and other substances which act as
‘plant food’.44 Though higher atmospheric levels
of CO2 are likely to have some fertilisation effect in
some species, temperature is still the main control of the advancement of spring.45 Furthermore,
CO2 does not explain why animals are changing
the timing of activities, like migration.
46,47

Experts

There
Satellites say spring isn’t advancing.
are different ways of analysing satellite data. It
is easier to see change in some places over others; in some places spring is advancing, in others
not.48,49 There is also some debate about whether
satellite records reach back long enough to see
any meaningful trends.50 Regardless, there is a
large body of ground-based observations that do
show an advancing spring.51,52 Analyses that compare satellite and ground-based work show that
the two combine to produce a coherent picture:
growing seasons are getting longer.53

Dr Camille Parmesan

What the scientists say

colin.prentice@mq.edu.au
+61 2 9850 4227 GMT +10

Shaun Nixon (Nature’s Calendar): “There will be
variations year on year, but if we look back over
the past 30 years we can see a marked advancement of spring.”54,55
Dr Tim Sparks (formerly of the UK Centre for Ecology and Hydrology): “Not only do we clearly demonstrate change in the timing of the seasons, but
that change is much stronger in countries that
have experienced more warming.”56
“If you have species that are dependent on each
other changing at different rates that could just
break down the food web. For example, caterpillars feed on oak trees, and birds feed on the
caterpillars. Unless these species remain synchronised, there could be problems for any one or
more of those elements of the food web.”57
Chris Packham (BBC Springwatch presenter):
“Without being rude … let’s forget about the scientists and trust nature instead, our unbiased
commentator.”58
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For more info
Summary of phenology
and climate change
bit.ly/phenologyandclimate

Nature’s Calendar get involved
bit.ly/NaturesCalendar

Spring changes (not just
phenology)
bit.ly/springchanges
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Wildfire is important to most ecosystems; but higher temperatures can
alter natural fire-regimes, changing the ecosystem, permanently releasing greenhouse gases and contributing to climate change.

Summary
Wildfires are only a net source of greenhouse
gases if they change the ecosystem
permanently, if they burn where they don’t 		
naturally, or in peatlands.
Climate is the strongest historical control of
wildfire, though globally since around 1900,
humans have significantly reduced the area
burnt by wildfire.

--Weather: good ‘fire weather’ is hot and dry; windy
conditions help fire spread.18

Higher temperatures are projected to increase
wildfire in some places, but other factors may
have a mitigating influence in others, making
global projections less certain.

--Fuel: our land use dictates what grows where;
whilst our fire-suppression increases the amount
of fuel and ‘controlled burns’ decrease it.19

Fires are really only a problem for people, causing long-term health problems from inhaling
smoke,1 and destroying crops, homes and lives.2,3
Most natural ecosystems are used to some type
of fire4,5 - they clear dead vegetation, allowing new
growth; heat and smoke from fire is even necessary for some seeds to germinate.6,7
Climate change is expected to increase wildfire
frequency and intensity in some areas, and also
change its location.8 Regions unaccustomed
to wildfire will need to adapt; but even with the
knowledge and capacity to adapt, some places
may become overwhelmed by more frequent and
severe wildfires.9 In some areas, recent increases
in wildfire size and intensity have already been too
much for fire-management techniques and firefighting systems to cope.10,11

Background science
Fire affects almost all types of vegetation around
the world (see graphic below). Wildfire is uncontrolled or unplanned fire. Deliberate fires (started
by accident or arson, and ‘controlled burns’) are
usually much smaller and less intense.12
A ‘fire-regime’ describes the character of wildfire
in a particular area: what kind of fire it is (forest,
grass and peatland all burn differently); how often
and how intensely they burn; and how fast they
spread.13
Climate controls fire-regimes by affecting:14,15
--Fuel: different vegetation grows in different
climates. Wet climates have more fuel (more
www.pirc.info/factsheets

--Ignition: hot, humid weather produces more
lightning, which starts fires.

Increasing temperatures have meant more
wildfires in some regions since the 1980s;
globally the trend is less clear.

Context
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grows), but it can be harder to burn.16 Drier
climates dry vegetation but ultimately limit fuel
– plants do not grow without water. Seasonal
changes are also important – long warm periods
can dry usually wet areas, increasing fire incidence and severity. Climate controls the length
of the fire season.17

But people also influence:

--Ignition: lighting fires by accident; arson; for
‘controlled burns’ or land clearance.20

In general, higher temperatures mean more wildfire21 due to longer fire seasons,22 drier fuel (more
evaporation and not enough precipitation to counter) and more lightning. 23
Feedbacks
Wildfires release greenhouse gases24 equivalent
to 25-50% of annual fossil fuel emissions.25,26
Providing vegetation grows back fully afterwards,
equal amounts of carbon are taken in by new
growth.27-29 Uncharacteristically severe or frequent fire can permanently change ecosystems,
turning forests into grasslands, and grasslands
into scrub or desert. Greenhouse gases from
these fires stay in the atmosphere causing a reinforcing (or ‘positive’) feedback, enhancing climate
change.30 This is also true of fires used to clear
forests for agriculture, and peatland fires.31
Temporary changes to albedo (amount of heat
reflected by land) due to soot deposits and vegetation clearing by fires do not affect global climate
much, in the long term. 32 Feedbacks to local temperatures (soot absorbing heat), or precipitation
(smoke particles affecting clouds), 33 are less well
understood and quantified.34
Trends
Historically (going back millennia), fire closely correlates with climate, particularly temperature.35,36
Through land use change, agriculture, forest
management and fire-fighting, humans decreased
the area burnt by wildfire over the first half of the
20th century – we superseded natural climate
controls.37-39

Globally, the trend is less pronounced,50 as ongoing decreases in wildfire in other areas partially
offset these increases.51
Projections
As temperature increases it is likely to become
the main control of wildfire again,52 continually increasing wildfire frequency and size in the
places listed above.53 In other areas, wildfire may
decrease as changes in precipitation or the fuel
available limit fire.54 Directly, humans will still play
a large role.55
Regional wildfire projections are uncertain:
changes to precipitation and soil moisture are
complex;56 knowledge of feedbacks is incomplete;57 and future fire-management and firefighting policy decisions are unknown. Ultimately,
there will be limits on our control and management of wildfire;58 they could become so frequent
that ecosystems change from net sinks of carbon
to net sources.59 This may already be true of
Canadian forests,60 where there is some concern
that the fire regime is close to a point where fires
suddenly get much larger, instead of increasing
gradually in size.61,62

What the sceptics claim
Fires are natural.63 Wildfire is part of an ecosystem’s natural cycle.64,65 However, both more frequent and more intense wildfires can mean that
ecosystems cannot re-grow – a change of climate
alters the natural ‘fire-regime’.66
Wildfires are caused by natural weather patterns.67-69 Historically, climate is a strong wildfire
control.70,71 Natural weather patterns do contribute to ‘fire weather’ (hot, dry, windy conditions;
lightning),72,73 but climate change makes these

conditions more intense and frequent over longer
periods, increasing the risk of wildfires. 74,75
The amount of fires today is nothing compared
to historical records.76,77 Humans decreased
wildfire over the first half of the 20th century –
there is much less fire now than there has been
for thousands of years.78-80 But fire incidence is
increasing in some areas (Canada, 81 Alaska,82
and western USA83). Fire-management and firefighting techniques may be insufficient to control
more frequent and intense wildfire.84,85
Wildfires aren’t increasing.86,87 In some areas,
wildfire regimes remain unchanged; but in others
(western Canada,88 Alaska,89 and western USA90),
there are significant increases in the frequency of
large fires.91,92 Because of the complex effects of
people, temperature and precipitation, regional
trends will be different. This is also true of future
projections.93
It’s forest management (or mis-management).94-96 In Russia, less funding of forest
management and fire-fighting has contributed
to more wildfire,97 though some argue wildfires
were too severe to control regardless. Additionally,
increases in burnt area in Canada,98 and western
USA 99 have occurred even with increased investment in fire-fighting and fire-management.100,101

What the scientists say
Dr Dan Cayan (Scripps Institute of Oceanography,
USA): “[C]limate change … will probably mean the
potential for these large fires is a bit greater …
Nature is shifting towards a more fire-prone
environment.”102
Australian Greenhouse Office (Department of the
Environment and Water Resources): “The amount
of carbon emitted to the atmosphere during bush
fires is, when averaged over time, balanced by the
amount taken up in subsequent forest re-growth
... as the fire regime remains unchanged. However, if there is a shift to more frequent and/or
more intense fire regimes due to climate change,
there could be a discernable [sic] decline in forest
carbon stocks”103
Matt Wrack (General secretary, Fire Brigades
Union, UK) “It took last year’s floodings to hammer
home to policy-makers what we will face as a result of global warming … But there is a danger the
rising number of large grassland and heathland
fires will go unnoticed.”105
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But over the last few decades, higher temperatures have caused significant increases in burnt
area in the boreal regions of Canada,40 Alaska 41
and Siberia 42, as well as temperate and western
USA43 (even with advances in fire-fighting and firemanagement).44,45 Large fires have also become
more frequent in other areas, likely in part due to
temperature increases,46 but also influenced by
humans: fire suppression building up
biomass in Australia;47 decreased fire-management resources in Russia; agricultural policy
changes in southern Europe;48 and land-clearing
in Amazonia and Indonesia.49
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