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Executive summary
This paper compares empirical observations of extreme weather events with their coverage in the 
2021 Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC). 
The conclusions of AR6 are contrasted with observational data described in recent research papers 
and reports, particularly in relation to droughts, tropical cyclones, heatwaves (including marine 
heatwaves) and cold extremes. The paper also covers major floods, tornadoes, wildfires and coral 
bleaching, with a short update of the discussion of disaster risk analysis in my report last year.2

In a shift of its previous stance, the IPCC claims, for the first time, that climate change is now 
affecting many weather extremes all over the globe. While this is not true and contrary to the avail-
able evidence, AR6 does follow earlier IPCC reports in not making any strong statements attribut-
ing extreme weather to global warming.

The IPCC claim that agricultural and ecological droughts are increasing is wrong. Several re-
cent research studies have confirmed the lack of any long-term trend in drought worldwide over 
at least a millennium, with no evidence that modern global warming has played any role so far.

AR6 links tropical cyclones (hurricanes, typhoons and tropical storms) to global warming with 
a statement that the proportion of major tropical cyclones has increased across the globe since 
1980. Although this assertion appears to be correct, a 2021 study found that the observation mere-
ly reflects improvements in measurement capabilities since 1970, and is unlikely to be a genuine 
climate trend. Hurricanes overall show a decreasing trend around the globe, and the frequency 
of landfalling hurricanes of any strength (Categories 1 through 5) has not changed for at least 50 
years. 

Claims of strengthened evidence for attribution of heatwaves to global warming, and their 
more frequent occurrence, can be questioned because data before 1950 is largely ignored in AR6. 
In the US, for which there are detailed heatwave records back to 1900, a quite different picture 
emerges. The Hadley temperature compilation, which underlies the IPCC position that heatwaves 
are on the rise globally, needs to be tested on the much larger US dataset to see if it can reproduce 
the US data profile. Furthermore, the modern heatwave trend in AR6 is artificially exaggerated 
because the 1950 start date used is in the middle of a 30-year period of global cooling, from 1940 
to 1970.

There is no convincing empirical evidence for the AR6 declaration that the frequency of ma-
rine heatwaves has doubled since the 1980s. Because sea-surface temperature data from the pre-
satellite era was unreliable and sparse, earlier marine heatwaves were likely missed. And the mag-
nitudes of current marine heatwaves are most likely overestimated due to uncertainties in the 
marine datasets.

A statement in AR6 that cold extremes have become less frequent and severe is also wrong. 
Observational evidence shows that cold extremes are increasing and may have become more se-
vere, a fact even acknowledged by the IPCC’s sister UN agency, the World Meteorological Organiza-
tion (WMO).

And, although AR6 wrongly states that coral bleaching and mortality events have increased 
in recent decades, the report fails to note that such phenomena are not new. There is empirical 
evidence for bleaching of Australia’s Great Barrier Reef dating back to 1575, long before modern 
global warming began. This is another example of the IPCC’s neglect of history. 

Wisely, AR6 does not change the IPCC’s previous position on floods, tornadoes or wildfires. But 
its conclusions about droughts, tropical cyclones, heatwaves and cold extremes cannot be justi-
fied by actual observations.
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1.	 Introduction
Until last year, the ongoing assessment and special reports of 
the UN’s Intergovernmental Panel on Climate Change (IPCC) 
served as the authority on climate science. And the panel 
stood out, among those who believe in the narrative of large-
ly human-caused climate change, as a voice of restraint on 
weather extremes. Reports spanning the period from 1990 to 
2019 found little to no evidence attributing extreme weather 
to global warming, except for heavier rainfall in some regions, 
and emphasised the difficulty of identifying any robust trends 
in weather extremes.

The IPCC shifted its stance somewhat in 2021, with the 
Sixth Assessment Report (AR6) asserting, for the first time, 
that climate change is ‘already affecting many weather and 
climate extremes in every region across the globe’.1 How-
ever, when it comes to the attribution of changes in climate 
extremes to human activity, the report still does not make 
any strong statements, and even the relatively weak claims 
it makes regarding heatwaves depend on the dataset used.

This paper reviews AR6’s coverage of extreme weather 
events and compares it with empirical data in recent research 
papers and reports, particularly in the areas of droughts, 
floods and tropical cyclones (hurricanes, typhoons and tropi-
cal storms). It also covers tornadoes, wildfires, heatwaves, 
cold extremes and coral bleaching. Additionally, it includes a 
short update of the discussion of disaster-risk analysis in last 
year’s GWPF report on extreme weather.2  
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2.	 The evolving position of the IPCC
While the IPCC has always been a leading advocate for the theory of man-made climate change, 
it has hedged its bets on linking weather extremes to global warming. In a 2012 Special Report on 
Extreme Events and Disasters, it limited itself to the statement that a changing climate ‘can result’ in 
unprecedented extreme weather, while going on to say:

Some climate extremes (e.g., droughts) may be the result of an accumulation of weather or climate 
events that are not extreme when considered independently. Many extreme weather and climate 
events continue to be the result of natural climate variability.3

One year later, in its 2013 Fifth Assessment Report, on the topic of droughts, the IPCC stated:

…conclusions regarding global increasing trends in droughts since the 1970s should be tempered. 
There is not enough evidence to support medium or high confidence of attribution of increasing 
trends to anthropogenic forcings as a result of observational uncertainties and variable results from 
region to region.4

On tropical cyclones, both the 2012 and 2013 reports expressed only ‘low’ confidence that 
activity was increasing over the long term, and that observed global changes could be attributed 
to any particular cause.3,5 The same claim was made in the 2019 Special Report on the Ocean and 
Cryosphere, in which the IPCC declared:

The lack of confident climate change detection for most tropical cyclone metrics continues to limit 
confidence in both future projections and in the attribution of past changes and tropical cyclone 
events…6

Even on heatwaves, the 2013 report restricted itself to the following regional, rather than 
global, statement:

It is likely that the frequency of heatwaves has increased in large parts of Europe, Asia and Australia.5

In many respects, the IPCC’s 2021 AR6 endorses its earlier conclusions. However, its language 
on some topics has changed to suggest that attributable trends now exist. As I will show, this posi-
tion is not supported by the underlying data. On droughts, tropical cyclones and heatwaves, AR6 
has this to say (my emphasis):

Evidence of observed changes in extremes such as heatwaves, heavy precipitation, droughts, and 
tropical cyclones, and, in particular, their attribution to human influence, has strengthened since 
AR5.1 

and

Many changes in the climate system become larger in direct relation to increasing global warming. 
They include increases in the frequency and intensity of…. agricultural and ecological droughts in 
some regions, and proportion of intense tropical cyclones…7

Nonetheless, an examination of detailed trends shows that the IPCC remains very cautious 
in its assessments. In addition to the foregoing declarations, AR6 states that few regions exhibit 
increases in meteorological droughts and that the evidence for attributable trends is inconclusive 
in most regions studied. On floods, the report maintains the ‘low’ confidence of AR5 in any global 
trends. Likewise, it continues to express ‘low’ confidence in any long-term trends in tropical cy-
clone intensity, partly due to poor data quality earlier in the 20th century. 

On other types of extreme weather, AR6 has intensified the language used in earlier assess-
ment reports. For example, the terms ‘very likely’ and ‘high’ confidence have replaced ‘likely’ and 
‘medium’ confidence, respectively, in many statements about the purported connection between 
weather extremes and global warming. It should be noted, however, that the IPCC’s likelihoods 
and confidence levels represent a subjective evaluation of the underlying evidence, rather than a 
statistical analysis of the data.
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3.	 Droughts 
In its Summary for Policymakers, AR6 connects droughts to glob-
al warming with ‘medium’ confidence, saying:

Human-induced climate change has contributed to increases 
in agricultural and ecological droughts in some regions due to 
increased land evapotranspiration.1

Droughts are usually classified as meteorological, soil mois-
ture (agricultural and ecological), or hydrological, although these 
are effectively successive stages of the same drought. A meteoro-
logical drought describes a precipitation deficit alone, while an 
agricultural and ecological drought results from a deficit in pre-
cipitation combined with abnormal dryness of the soil. This com-
bination has a negative impact on the growth of crops and other 
aspects of the ecosystem. A hydrological drought refers to the 
ensuing decreases in streamflow, reservoir levels and groundwa-
ter.

While AR6 emphasises the purported effect of global warm-
ing on agricultural and ecological droughts, it includes numerous 
statements linking meteorological and hydrological droughts to 
climate change as well – although the report does express only 
‘low’ confidence in its conclusions on the latter. The supposed 
link between drought and global warming is mirrored by anoth-
er UN agency, the UN Office for Disaster Risk Reduction (UNDRR), 
in its Special Report on Drought 2021, which concludes that:

…climate change is increasing the frequency, severity and du-
ration of droughts in many regions across the world.8 

The scientific evidence does not support the two agencies’ 
position that drought conditions around the world are worsen-
ing, let alone that it is because of global warming. An exami-
nation of the historical record, which the IPCC largely ignores, 
quickly confirms that droughts have been a continuing feature of 
the earth’s climate for millennia, a fact that has been confirmed 
by several recent research studies. 

For example, a 2007 US study9 was able to reconstruct the 
drought pattern in North America over the last 1200 years, using 
tree rings as a proxy. The width and colour of the rings consti-
tute a record of past climate, including droughts. The reconstruc-
tion, illustrated in Figure 1, reveals that several unprecedently 
long and severe ‘megadroughts’ have occurred in western North 
America since the year 800, droughts that the study authors re-
mark have never been experienced in the modern era. This is em-
phasised in Figure 1 by the comparison between the period from 
1900 to 2003 and the much more arid, 400-year interval from 900 
to 1300.

As evidence that the 2007 study’s conclusions extend be-
yond 2003, Figure 2 depicts observational data showing the 
percentage of the contiguous US in drought from 1895 up until 
2015.10 Comparison of Figure 2 with the yearly data in Figure 1 
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(indicated in gray; the thick black line is a 60-year mean), shows 
that the long-term pattern of overall drought in North America 
continues to be featureless, despite global warming during both 
the Mediaeval Warm Period and today. A similar conclusion was 
reached by a 2021 study11 that compared the duration and sever-
ity of US hydrological droughts between 1475 and 1899 to those 
from 1900 to 2014.

There are regional variations, however. A 2021 research pa-
per found that, from 1901 to 2017, the risk of meteorological 
droughts increased in the southwestern and southeastern US, 
while it decreased in northern states.12 A very recent 2022 paper 
claims that the southwestern US is currently experiencing its dri-
est 22-year period since at least the year 800, although it does 
not attribute this entirely to climate change.13 The UNDRR report 
finds that such regional differences in drought are not restricted 
to the US, but occur worldwide.8 And AR6, despite its blanket 
statement above about increased regional droughts caused by 
climate change, concedes that a recent harsh drought in Mada-
gascar cannot be attributed to global warming.1

Figure 1: Drought area in 
western North America, 
800–2003.
The thick blue and red horizon-
tal lines represent the average 
drought area during 1900–2003 
and 900–1300, respectively. Source: 
Edward R. Cook et al.9
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Figure 2: Percentage of 
contiguous US in drought, 
1895–2015.
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Just like North America, Europe has also experienced mega-
droughts over the past millennium, although in different peri-
ods. Figure 3 shows a 2021 European reconstruction,14 also from 
tree ring proxies, of the drought pattern in central Europe from 
1000 to 2012, with observational data from 1901 to 2018 super-
imposed. (Note that dryness is denoted by negative values in Fig-
ure 3, compared to positive values of drought area in Figures 1 
and 2.) The authors of the study point out that the droughts from 
1400 to 1480 and from 1770 to 1840 were much longer and more 
severe than those of the 21st century. Their conclusions are rein-
forced by the results of another recent study, which failed to find 
any statistically significant trend in meteorological droughts in 
western Europe during the last 170 years.15

What stands out in all these studies is the lack of any long-
term trend in drought worldwide over at least a millennium. 
There is no evidence of the warming that began in the late 19th 
century, after the Little Ice Age ended, having played any role 
so far. Indeed, ice cores from Antarctica demonstrate that much 
more dust – a sign of a dry climate – was deposited during the ice 
ages than during warmer interglacial periods. Even the UNDRR 
acknowledges that one of the main sources of episodic droughts 
globally is the natural El Niño Southern Oscillation.8 

In conclusion, although AR6 claims with high confidence 
that ‘the frequency of concurrent heatwaves and droughts on 
the global scale’ are increasing,1 the scientific evidence doesn’t 
support such a bold assertion.

Figure 3: Drought in central Europe, 1000–2018. 
Black: Palmer Drought Severity Index (PDSI); red: self-calibrated PDSI (scPDSI); blue: 31-year mean.  Source: M. Ionita et al.14 
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4.	 Floods
On floods, AR6 has little to say, conceding that:

Confidence is in general low in attributing changes in the prob-
ability or magnitude of flood events to human influence be-
cause of a limited number of studies and differences in the re-
sults of these studies…16

A 2022 assessment of possible trends in extreme weather 
goes even further than the IPCC, observing that ‘a long list of 
studies shows little or no evidence of increased flood magni-
tudes, with some studies finding more evidence of decreases 
than increases’.17

Just as for heatwaves and droughts, there is no evidence 
that floods are becoming worse or more common. Precipitation 
tends to increase in a warmer world because of enhanced evapo-
ration from tropical oceans, resulting in more water vapour in the 
atmosphere. Yet floods caused by rain occur only under specific 
weather conditions. 

A 2017 study of global flood risk concluded there is very little 
evidence that flooding is becoming more prevalent worldwide.18 
Despite average rainfall getting heavier as the planet warms, the 
study authors pointed out that excessive precipitation is not the 
only cause of flooding; alterations to catchment areas – such as 
land-use changes, deforestation and the building of dams – also 
play a major role. AR6 recognises this, saying that:

In addition to precipitation, flooding also depends on basin 
and river characteristics such as permeability, antecedent soil 
moisture, and antecedent flow levels for river flooding, so pro-
jections of extreme precipitation and flooding are not always 
closely linked.19 

The same 2017 study found that major floods in the north-
ern hemisphere between 1931 and 2010 were not caused by 
global warming, although they were influenced by the climate. 
The strongest influence is the Atlantic Multidecadal Oscillation, 
a natural ocean cycle that causes heavier-than-normal rainfall 
in Europe and lighter rainfall in North America during its warm 
phase, leading to an increase in major European floods and a de-
crease in North American ones.

Widespread flooding in Europe and western Canada in 2021 
occurred too late for consideration in AR6. But despite the hoop-
la in the mainstream media, it is not the first time the flooded 
areas have suffered catastrophic flooding. For example, the Ahr 
valley in Germany, which was struck in July 2021, experienced 
major floods in the same locations on 12 June 1910, when at 
least 52 people were killed.20 Germany in fact has been battered 
by devastating floods many times during the last few centuries, 
including a 1717 Christmas Eve flood that killed 13,700 people.21 
Likewise, the British Columbia flooding caused by record rainfall 
in November 2021 was no worse in extent than that of a flood in 
1894.22
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5.	 Hurricanes 
As with drought, AR6 for the first time links tropical cyclones to 
global warming with ‘medium’ confidence, stating:

It is likely that the global proportion of major (Category 3–5) 
tropical cyclone occurrence has increased over the last four 
decades, and the latitude where tropical cyclones in the west-
ern North Pacific reach their peak intensity has shifted north-
ward; these changes cannot be explained by internal variabil-
ity alone.1

and, with ‘high’ confidence:

…it is very likely that the recent active tropical cyclone seasons 
in the North Atlantic, the North Pacific, and Arabian basins can-
not be explained without an anthropogenic influence.16

But an examination of the historical record and recent research 
papers reveals that there is no empirical evidence for either of 
these assertions, once the paucity of data in the early 20th cen-
tury is taken into account.

Hurricanes are classified by their sustained wind speeds on 
the Saffir-Simpson scale, ranging from Category 1, the weakest, 
to Category 5, the strongest. A major hurricane is defined as one 
in Category 3, 4 or 5, corresponding to a top wind speed of 178 
km per hour (111 mph) or greater. Hurricanes occur in the Atlan-
tic and northeastern Pacific Oceans, especially in and around the 
Gulf of Mexico; their cousins, typhoons, occur in the northwest-
ern Pacific.

Figure 4 shows clearly that the frequency of tropical cyclones 
has diminished globally since 1981.23 But because the number of 
major hurricanes (Category 3 or greater) has essentially remained 

Figure 4: Annual number of global hurricanes, 1981–2021.
Maximum wind speed at least Category 1 hurricane strength (top), Category 3 hurricane strength (bottom). 

Source: Ryan N. Maue.23 
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constant over that period, it appears that the IPCC’s assertion 
above about the proportion of major hurricanes increasing is cor-
rect. However, a team of experts concluded in a 2021 study that, 
at least in the Atlantic, the recent apparent increase in major hur-
ricanes (Figure 5) simply reflects improvements in observational 
capabilities since 1970 and is unlikely to be a true climate trend.24 

While long-term data on major typhoons is not available, the 
frequency of all typhoon categories combined appears to be un-
changed since 1951.25 Yet a 2022 study demonstrates a decline in 
both total and major typhoons for the 32-year period from 1990 
to 2021.26 The same study reinforces the recent decrease in total 
global hurricanes seen in Figure 4.

Data for the North Atlantic basin, which has the best quality 
data in the world, do indeed show heightened hurricane activ-
ity over the last 20 years, particularly in 2005 and 2020. Figure 5 
illustrates the frequency of all major North Atlantic hurricanes 
from 1851 to 2021.27 It shows that the frequency of major North 
Atlantic hurricanes in recent decades is comparable to that in the 
1950s and 1960s. However, because the Earth was cooling during 
the increased activity in the 1950s and 1960s, global warming 
does not offer a satisfactory explanation for the present uptick in 
major North Atlantic hurricanes, as the IPCC’s second assertion 
above insists it does. The US National Oceanic and Atmospheric 
Administration (NOAA) links heightened Atlantic hurricane ac-
tivity to the warm phase of the Atlantic Multidecadal Oscillation 
(AMO).28

The lower numbers before 1940 reflect the relative lack of 
observations in early years of the record; satellite coverage of 
hurricanes dates only from the 1960s. The team of experts men-
tioned above found that once they corrected the data for under-
counts in the pre-satellite era, there were no significant recent 
increases in the frequency of either major or all North Atlantic 
hurricanes. They suggest that the reduction in major hurricanes 
between the 1970s and the 1990s could have been the result of 

Figure 5: Annual number of 
major North Atlantic hurri-
canes, 1851–2021.
At least Category 3 hurricane 
strength. Source: Paul Homewood.27 
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multidecadal internal climate variability (such as the AMO) or 
possibly aerosol-induced weakening.24

The lack of any long-term trend in major global hurricanes is 
borne out by the number of hurricanes that have made landfall 
over the last 50 years, illustrated in Figure 6. The apparent slight 
upturn in both total and major landfalling hurricanes over this 
period is statistically insignificant,29 and could be an artifact, as 
discussed for North Atlantic hurricanes above. In the US, major 
landfalling hurricanes correlate with La Niña cycles in the Pacific 
Ocean, not with global warming.30

The second part of the IPCC’s first assertion above, about 
poleward migration of typhoons in the North Pacific not being 
attributable to internal variability alone, is dubious. The poleward 
shift of approximately 56 km (35 miles) per decade since 1980 is a 
well-established phenomenon, but there is significant disagree-
ment on its causes and what role, if any, global warming plays.31  

AR6 mentions two other aspects of tropical cyclones that 
have been observed recently, namely more rapid intensification 
and slower forward speed. Both phenomena result in heavier rain 
following landfall. However, the IPCC does not attribute them to 
global warming, and indeed their origins are not yet understood.

6.	 Tornadoes
As with floods, AR6 has relatively little to say about tornadoes. 
The IPCC report does concede, with ‘medium’ confidence, that:

…the mean annual number of tornadoes in the United States 
has remained relatively constant…since the 1970s, 

but goes on to state that: 

…their variability of occurrence has increased, particularly 
over the 2000s, with a decrease in the number of days per year 
and an increase in the number of tornadoes on these days.16 

Figure 6: Annual number of 
global landfalling tropical 
cyclones, 1970–2020.
All hurricane strengths (Categories 
1 through 5) and major hurricanes 
(Category 3 or greater). Source: 
Roger Pielke Jr.29  
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The second statement may be true, but any change since 
2000 is not likely to be associated with global warming, which 
began a century or more earlier.

A tornado is a rapidly rotating column of air, usually visible 
as a funnel cloud, that extends like a dagger from a parent thun-
derstorm to the ground. While tornadoes are smaller and claim 
fewer lives than hurricanes, they form rapidly, and frequently 
demolish homes and buildings in their often narrow path. Tor-
nadoes are categorised according to wind speed, using the Fu-
jita Scale, which goes from EF0 to EF5. EF5 tornadoes have wind 
speeds of up to 480 km per hour (300 mph).

As shown in Figure 7, the annual incidence of all EF1 or 
stronger tornadoes in the US32 shows no meaningful trend from 
1950 to 2021, reinforcing the AR6 statement above. This is a pe-
riod that included both warming and cooling spells, with net 
global warming of approximately 1.0°C (1.8°F) during that time.33 
If EF0 tornadoes are included, the same plot shows an apparent 
increase in annual number since 1990, but that is simply due to 
the introduction of Doppler weather radar in the early 1990s, 
which led to the reporting of more tornadoes than before.34

However, as shown in the lower panel, the annual number 
of strong tornadoes (EF3 or greater)35 has declined dramatically 
over the last 72 years. In fact, the average number of strong tor-
nadoes annually from 1986 to 2017 was 40% less than from 1954 
to 1985.36 Global warming, which might be expected to increase 
strong tornado activity, cannot have played any role.
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tornadoes in the US, 1950–
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above). Source: NOAA/NCEI.32,35 
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As AR6 points out, tornado activity can vary markedly from 
year to year. For example, 13 successive days of US tornado out-
breaks in 2019 saw well over 400 tornadoes touch down in May, 
with June a close second – and this following seven quiet years 
ending in 2018, which was the quietest year in the entire record 
since 1954.37 However, there is no scientific evidence linking the 
increase in daily-scale variability and climate change.38

Another apparent trend is geographic. A 2018 study39 found 
that EF1 or stronger tornadoes and tornado-favourable condi-
tions have become more frequent in the mid-south of the US and 
less frequent in the traditional ‘Tornado Alley’, an area extend-
ing northward from central Texas through the plains states. But 
again, this eastward shift has not been linked to climate change.

7.	 Wildfires
On wildfires, AR6 has even less to say than on floods or torna-
does, with no mention of the subject in the Summary for Poli-
cymakers. This is appropriate because wildfires are not a form of 
extreme weather, or indeed of weather at all, although they can 
produce their own weather. However, wildfires are included in 
this report, as they have been in previous GWPF reports on ex-
treme weather,2 since they can be made worse by weather ex-
tremes such as heatwaves or drought. In addition to drying out 
of vegetation, wildfires require sustained high temperatures, low 
humidity, winds, and a source of ignition. A common form of ig-
nition is lightning strikes during dry thunderstorms.

The only statements that AR6 does make on wildfires are:

There is medium confidence that weather conditions that pro-
mote wildfires have become more probable in southern Eu-
rope, northern Eurasia, the USA, and Australia over the last 
century.40

and

Climatic conditions conducive to wildfire have increased in 
Mexico, Western and Northwest North America, essentially due 
to warming (high confidence).41

However, as discussed elsewhere, there is so far almost no 
evidence that either heatwaves (Section 8) or drought (Section 3) 
are becoming more frequent or more intense with global warm-
ing – which means that the IPCC’s statements about wildfires are 
invalid.

In fact, the evidence shows that the annual area burned by 
wildfires, at least in southern Europe and Australia, is declining, 
despite hysterical claims to the contrary by the mainstream me-
dia. This is illustrated in Figures 8 and 9.42,43 As can be seen, the 
area burned annually in southern Europe has dropped by half 
over the last 40 years; the trend is also strongly downward for 
the rest of the European Union. The area burned in Australia (Fig-
ure 9) has fallen by a similar amount since 1980. 
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Figure 10 shows that in the US, while the number of acres 
burned annually has gone up over the last 20 years or so, the 
present area consumed is still only a small fraction of what it was 
back in the 1930s – when modern global warming was barely 
underway.44 The main reason for the recent uptick in US fires is 
decades of wildfire suppression, which has led to considerable 
increases in forest density and the buildup of undergrowth. Both 
of these factors greatly enhance the potential for bigger and 
sometimes hotter fires. Poor management of California’s forests 
has resulted in overcrowding, which leaves them ‘susceptible to 

Figure 8: Annual forest area 
in southern Europe burned 
by wildfires, 1980–2019.
Southern EU defined as Portugal, 
Spain, France, Italy, Greece. Least-
squares trend lines. Source: Bjørn 
Lomborg.42 
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2020.
Percentage of total land area of 
769 million hectares; estimates by 
decade 1905–1995, satellite mea-
surements 1997–2020. Source: Bjørn 
Lomborg.43 

1900

Pe
rc

en
t

0

4

8

12

16

Historical records Satellites

Biggest fire, 
1974–5

2019–20 
burn

1920 1940 1960 1980 2000 2020

Figure 10: Annual US forest 
area burned by wildfires, 
1926–2017.
Source: National Interagency Fire 
Center.44 

2017 is one fifth 
of record level

1930 1950 1970 1990 2010

50

40

50

20

10

0

M
ill

io
ns

 o
f a

cr
es



14

disease, insects and wildfire’, noted the Little Hoover Commis-
sion in 2018.45 An encouraging sign is that US fire scientists, who 
understand the need to thin forests and clear undergrowth, are 
successfully pushing back against environmental activists who 
blame global warming for the massive wildfires that erupt in the 
western US every year.46 In Europe, better forest management is 
largely responsible for the downward trend in wildfires.

A more detailed discussion of wildfires and global warming 
can be found in last year’s GWPF extreme weather report.2

8.	 Heatwaves

Atmospheric heatwaves
A heatwave is defined as a period of abnormally hot weather, last-
ing from days to weeks. On atmospheric heatwaves, AR6 makes 
the following declarations:1

Evidence of observed changes in extremes such as heat-
waves…and, in particular, their attribution to human influ-
ence, has strengthened since AR5. 

and

It is virtually certain that hot extremes (including heatwaves) 
have become more frequent and more intense across most 
land regions since the 1950s…

Nevertheless, these claims of strengthened evidence for at-
tribution of heatwaves to global warming – and their more fre-
quent occurrence – can be questioned, because data before 1950 
is largely ignored in AR6. In the US, which has detailed heatwave 
records back to 1900, a quite different picture emerges.

Figure 11 shows the frequency and magnitude of heatwaves 
in the US from 1901 to 2018. The frequency (top panel) is defined 
as the annual number of calendar days the average US maximum 
temperature exceeded the 90th percentile for 1961–1990 for at 
least six consecutive days, in a window centered on that calendar 
day;47 it represents the total duration of all heatwaves of six days 
or longer in that year.

It is clear from Figure 12 that there were far more frequent 
and/or longer US heatwaves, and they were hotter, in the 1930s 
than in the present era of global warming. The total annual heat-
wave (warm spell) duration is seen to have dropped from 11 
days during the 1930s to about 6.5 days during the 2000s. The 
peak heatwave index (lower panel) in 1936 was a full three times 
higher than in 2012 and up to nine times higher than in many 
other years. In addition, the average maximum temperature dur-
ing any particular heatwave has declined from 38°C (101°F) in the 
1930s to 37°C (99°F) since the 1980s.47 

Further evidence that current US heatwaves are nothing 
remarkable is provided by Figure 12, which shows the average 
number of daily high-temperature records set per decade from 
1922 to 2021.48 With the exception of the abnormally hot 1930s, 
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Figure 12: Average number 
of US daily high-temperature 
records per station, 1922–
2021.
Average over 534 stations, each 
with more than 105 years of data. 
Source: NOAA/NCEI/USHCN, pre-
pared by John R. Christy.48 
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Figure 11: Observed changes 
in atmospheric heatwaves 
in the contiguous US, 1901–
2018.
Top: frequency; bottom: magnitude. 
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the number of records per decade is seen to be almost constant 
over the last 100 years.

One of the main sources of global heatwave and other tem-
perature data for AR6 is a compilation by a large international 
group of climate scientists and meteorologists, who last updated 
their dataset in 2020.49 The dataset is derived from the UK Met 
Office Hadley Centre’s HadGHCND gridded daily temperature da-
tabase. Figure 13 shows the group’s global heatwave frequency 
(lower panel) from 1901 to 2018, and the calculated global trend 
(upper panel) from 1950 to 2018. The definition of heatwave fre-
quency is the same as for Figure 11.

It is apparent from Figure 13 that the Hadley Centre data-
set does indeed support the AR6 position that heatwaves are on 
the rise globally. The post-1950 heatwave frequency can be seen 
to exceed that in the 1930s, when the US heatwave frequency 
peaked so dramatically (Figure 11).  However, the Hadley global 
dataset used only 942 US temperature stations to calculate the 

Figure 13: Observed changes 
in atmospheric heatwaves 
across the whole globe, 
1901–2018. 
Top: global trend from 1950; bot-
tom: frequency. Source: Robert J. H. 
Dunn et al.49 
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average maximum temperature,49 compared with as many 
as 11,000 stations in the US dataset used for Figure 11.50 Al-
though both US and global records show an increase in the 
total annual heatwave duration since 1970, the US increase to 
6.5 days is well below its 1930s level of 11 days – a level that 
is only about 7 days in the global record depicted in Figure 
13. Before one can have any confidence in the Hadley global 
compilation, it needs to be tested on the much larger US data-
set to see if it can reproduce the US data profile.

Another 2020 compilation51 of global heatwave data cit-
ed in AR6 draws on the much larger Berkeley Earth tempera-
ture dataset. The Berkeley Earth dataset employs five times as 
many stations as other gridded temperature products, thus 
providing much greater spatial coverage, and at a finer res-
olution, than the Hadley database used in Figure 13. None-
theless, this alternative heatwave compilation is incomplete 
since, like AR6, it neglects data before 1950. 

A significant feature of the global trend data from 1950 
in Figure 13 is a strong variation from country to country. The 
purported trend varies from an increase of more than 4 heat-
wave days per decade in countries such as Brazil, to an in-
crease of less than 0.5 days per decade in much of the US and 
South Africa, and a decrease of 0.5 days per decade in north-
ern Argentina. While regional differences are to be expected, it 
seems very unlikely that global warming would result in such 
large variations in heatwave trend worldwide; the disparities 
are more likely to arise from insufficient data. In addition, the 
trend is artificially exaggerated because the start date of 1950 
was in the middle of a 30-year period of global cooling, from 
1940 to 1970. A recent GWPF investigation of heatwaves in 
the UK found an increasing trend in heatwave frequency and 
duration at some locations, but a decreasing trend at others.52

A record-shattering 2021 heatwave in the Pacific north-
west of North America occurred too late for consideration in 
AR6, but environmental activists and the mainstream media 
were quick to link the event, during which several cities expe-
rienced temperatures a full 5°C (9°F) above previous records, 
to global warming. A subsequent attribution study claimed 
this 1 in 1,000-year heatwave was virtually impossible, and 
would have been at least 150 times rarer, without human-
caused climate change.53 

Nevertheless, meteorologist Cliff Mass, who has pub-
lished several research papers on Pacific northwest heat-
waves, has shown that the study is deeply flawed, with errors 
of both science and interpretation.54 Furthermore, event attri-
bution studies that assign specific extremes to either natural 
variability or human causes use highly questionable meth-
odology in general, the shortcomings of which have been 
discussed by statistician William Briggs in other recent GWPF 
publications.55,56 
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Marine heatwaves
On marine heatwaves, AR6 expresses ‘high’ confidence in the 
following declaration:

Marine heatwaves have approximately doubled in fre-
quency since the 1980s, and human influence has very 
likely contributed to most of them since at least 2006.1

Again, there is no convincing observational evidence for 
either of these assertions. The apparent increase in frequen-
cy of marine heatwaves since 1982 partly reflects the start of 
satellite measurements of ocean temperature, which are far 
more accurate and broader in coverage than measurements 
made by older methods such as ship thermometers and 
drifting buoys, or even the recently deployed Argo profiling 
floats. Because of the unreliability and sparseness of sea-sur-
face temperature data from the pre-satellite era, it’s obvious 
that earlier marine heatwaves may well have been missed. 

But apart from this deficiency, analysis of the data that is 
available can be questioned. To begin with, nearly all of the 
studies cited in AR6 fail to take into account the overall ocean 
warming trend as the climate changes. Marine heatwaves are 
generally measured relative to the average sea surface tem-
perature over a 30-year baseline period. This means that any 
heatwave measured toward the end of that period will ap-
pear hotter than it really is, since the actual temperature at 
that time will be higher than the 30-year baseline. As pointed 
out in a 2019 research paper from NOAA, not adjusting for 
the underlying warming falsely conflates natural regional 
variability with climate change, and overestimates the heat-
wave magnitude.57 

Another shortcoming of marine data analysis is uncer-
tainty about the dataset. As AR6 explains, two separate (but 
related) sets of marine temperatures exist: sea surface tem-
peratures (SSTs), which measure the temperature of the wa-
ter itself just under the surface, and marine air temperatures 
(MATs), which measure the near-surface air temperature over 
the oceans. Because ships’ decks are heated and therefore 
cause a warm bias in MAT observations during the day, night-
time (NMAT) measurements are generally used, although the 
spatial coverage of NMAT data is less extensive than that of 
SSTs.58 By definition, marine heatwaves include all days on 
which the SST exceeded the 99th percentile for 1982–2016,  
a slightly different definition than that of heatwaves on land.

However, a 2019 study discovered that NMATs increased 
8–17% more rapidly than SSTs from 1900 to 2010, but 11–15% 
less rapidly than SSTs in the tropics from 1979 to 2010.59 Such 
differences, together with the IPCC’s lack of baseline adjust-
ment discussed above, make it difficult to draw any conclu-
sions about marine heatwaves. There is no justification, there-
fore, for AR6 asserting that marine heatwaves are becoming 
more common. 
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9.	 Cold extremes 
Contradicting its sister agency the WMO, the IPCC in AR6 accom-
panies its comments on heatwaves by stating:

…cold extremes (including cold waves) have become less fre-
quent and less severe,1

with ‘high’ confidence that human-induced climate change is 
the main driver:

It is extremely likely that human influence is the main contribu-
tor to the observed decrease in the likelihood and severity of 
cold extremes.60

That cold extremes are becoming less frequent is untrue, 
since they actually appear to be on the rise – as borne out by 
several recent research papers61,62 of environmental scientist 
Madhav Khandekar, who also authored a 2013 GWPF report63 on 
the topic. 

Cold extremes, as defined by the WMO, include prolonged 
cold spells, unusually heavy snowfalls and longer winter sea-
sons, as well as the IPCC’s narrower definition of cold days and 
nights, and cold spells/cold waves. While cold extremes are be-
coming less severe according to the IPCC definition, Khandekar’s 
evidence casts doubt on the assertion under the WMO’s broader 
definition. In any case, the decrease in cold days and nights iden-
tified by the IPCC is expected as the world warms, and warmer 
nights may come as much from the urban heat island effect as 
from global warming. Alabama state climatologist John Christy 
has pointed out that the observed decline in the occurrence of 
record US low temperatures since 1911 can be explained by ur-
banisation around weather stations.48

While the emphasis of Khandekar’s publications has been 
on recent harsh winters in North America, he has catalogued 
cold extremes in South America, Europe and Asia as well. Fig-
ure  14 shows the locations of the 4145 daily low-temperature 
records broken or tied in the northeastern US during the ice-cold 
February of 2015; that year tied with 1904 for the coldest Janu-
ary to March period in the northeast, in records extending back 
to 1895. 

A 2021 example of a cold extreme was the North American 
cold wave in February, which brought record-breaking subfreez-
ing temperatures to much of the central US, as well as Canada 
and northern Mexico. Texas experienced its coldest February in 
43 years; the frigid conditions lasted several days and resulted 
in widespread power outages and damage to infrastructure. The 
deep freeze, which occurred after the cutoff for consideration in 
AR6, was ascribed to global warming by a team of climate scien-
tists, who linked it to stretching of the Arctic stratospheric polar 
vortex.64 Nevertheless, AR6 appears to contradict this conclusion, 
stating that ‘it is likely that the northern lower stratospheric vor-
tex has weakened [my emphasis] since the 1980s in midwinter’.58 
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Other exceptional cold extremes in 2021 included:

•	 the lowest average UK minimum temperature for April 
since 1922
•	 record low temperatures in both Switzerland and Slove-
nia the same month
•	 the coldest winter on record at the South Pole
•	 an all-time high April snowfall in Belgrade, in record books 
dating back to 1888
•	 the heaviest April snow in decades in Finland and Russia.65

Khandekar links colder and snowier-than-normal winters in 
North America not to climate change, but to the naturally occur-
ring North Atlantic and Pacific Decadal Oscillations, and those in 
Europe to a slowdown in solar activity.

Figure 14: Locations of low-temperature records broken or tied 
in the US northeast, February 2015. 

3573 record lows broken, 572 tied (total 4145).  
Source: E. Ray Garnett and Madhav L. Khandekar.61 
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10.	 Coral bleaching
Although AR6 states that:

The scope and severity of coral bleaching and mortality events 
have increased in recent decades,66 

the report fails to note that bleaching is not a new phenomenon. 
A 2018 research paper found evidence for bleaching of Australia’s 
celebrated Great Barrier Reef dating back to 1575,67 long before 
modern global warming began. As with heatwaves, the IPCC has 
ignored history.

In fact, despite global warming, the Great Barrier Reef is do-
ing better than ever. The most reliable data on coral extent comes 
from the Australian Institute of Marine Science (AIMS), which has 
been measuring over 100 reefs every year since 1986. AIMS data 
released last year shows that, while coral cover has fluctuated 
dramatically over time, the amount of coral on the reef in 2021 
was at record high levels68 – higher than when measurements 
began 35 years previously, as shown in Figure 15.

This recovery of the Great Barrier Reef from extensive bleach-
ing during the prolonged El Niño of 2016–17 vindicated coral 
reef authority Peter Ridd, who had emphasised in a 2018 GWPF 
article that corals are capable of rapid recovery from bleaching 
events – in a decade or less.69 The recovery probably also helped 
save the reef from being added to a list of World Heritage Sites 
that are ‘in danger’. This classification had been recommended in 
2021 by a committee of another UN panel, the UN Educational, 
Scientific and Cultural Organization (UNESCO), to counter the 
supposed deleterious effects of climate change. However, an an-
gry Australian government was able to ward off what it called a 
politically motivated recommendation, by agreeing to produce 
an updated report on the state of the reef in 2022.70

Reinforcing the fact that corals worldwide are not ‘rapidly 
disappearing’, as AR6 insists,67 was a 2021 study by four research-
ers at Australia’s James Cook University (JCU).71 Their paper com-
pletely contradicted previous apocalyptic predictions of the 
imminent demise of coral reefs, predictions that included an ear-

Figure 15:  Coral cover on the 
Great Barrier Reef, 1986–
2021. 
Source: AIMS.68 
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lier warning, from three of the same authors (who subsequently 
switched sides) and others,72 of ongoing coral degradation from 
global warming. 

The JCU paper estimated the total number of corals that ex-
ist on reefs across the Pacific Ocean – from Indonesia to French 
Polynesia – at approximately half a trillion, similar to the number 
of trees in the Amazon or birds in the world. This colossal popula-
tion is for a mere 300 species, a small fraction of the 2175 coral 
species estimated to exist worldwide by the International Union 
for Conservation of Nature (IUCN). So the global extinction risk of 
most coral species is much lower than previously thought, even 
though a local loss can be ecologically devastating to coral reefs 
in the vicinity.

11.	 Natural disaster trends
The 2020 GWPF report on extreme weather2 included a discus-
sion of how socio-economic studies of natural disasters are being 
used to link weather extremes to global warming. This particular 
aspect of extremes is not covered in the contribution to AR6 of 
IPCC Working Group I, published in August 2021, which concen-
trates on the science and is the source of all the claims about ex-
treme weather discussed in the present report. Coverage in AR6 
of natural disaster analysis appears in the contributions of Work-
ing Groups II and III, which focus on the impact and mitigation 
of global warming. These contributions were only published in 
2022 and will be discussed in a future GWPF report. 

However, it is worth noting here that, in a 2021 report, yet an-
other UN agency made the erroneous claim that climate-related 
disasters are currently escalating. The WMO has now joined the 
UNDRR and the International Red Cross (IFRC) in asserting that 
the annual number of weather and climate extremes is increas-
ing, as depicted in Figure 16.73 All the disaster data compiled by 
the WMO, UNDRR and IFRC comes from the Emergency Events 
Database (EM-DAT) of the Centre for Research on the Epidemiol-
ogy of Disasters (CRED).74

Figure 16: Apparent annual 
number of climate-related 
disasters by decade, 1970–
2019.
Source: WMO.73
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But the WMO’s claim is just as wrong, and its graph just as 
misleading, as those presented previously by the UNDRR and 
IFRC, because they all fail to take into account a major increase 
in disaster reporting since 1998 due to the arrival of the Internet. 
Climate writers Paul Homewood and Roger Pielke Jr. uncovered 
a sudden jump – a near doubling – in the annual number of dis-
asters listed in EM-DAT in 1998 and the years thereafter.75,76 The 
abrupt change was even acknowledged in the CRED 2006 disas-
ter report:

Two periods can be distinguished: 1987–1997, with the num-
ber of disasters varying generally between 200 and 250; and 
2000–2006, with the number of disasters increasing by nearly 
a multiple factor of two. An increase of this magnitude can be 
partially explained by increased reporting of disasters, particu-
larly by press organizations and specialized agencies.77

That the impact of natural disasters is diminishing over time 
can be seen in data on the associated loss of life. Figure 17 illus-
trates the annual global number of deaths from natural disasters, 
including weather extremes, from 1900 to 2015, corrected for 
population increase over time and averaged by decade.80

Because the data is compiled from the same EM-DAT da-
tabase, the annual number of deaths shows an uptick from the 
1990s to the 2000s. It is clear though that disaster-related deaths 
from extreme weather have been falling since the 1920s and are 
now approaching zero. However, this is due more to improve-
ments in planning and engineering to safeguard structures, and 
to early warning systems that allow evacuation of threatened 
communities, as it is to diminishing numbers of natural disasters.

Figure 17: Global annual 
death rate from natural disas-
ters, 1900–2015.
Annual average per decade (six years 
for 2010s), measured as the number 
of deaths per 100,000 of the average 
world population during that 
decade. Source: Our World in Data.80
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12.	 Conclusions
The IPCC’s new position, in AR6, on weather extremes – that trends 
in heatwaves, droughts and tropical cyclones attributable to global 
warming now exist – is not supported by the scientific evidence pre-
sented in this report. The IPCC position results partly from neglect of 
history, with data before 1950 being ignored in AR6, and partly from 
choosing a trend starting date that fell during a 30-year period of 
global cooling from 1940 to 1970. Such a choice artificially inflates the 
magnitude of subsequent warming and its effect on extreme weather.

The mistaken belief that weather extremes are worsening be-
cause of climate change is more a perception, fostered by media cov-
erage, than reality. A steady drumbeat of articles in the mainstream 
media, eager to promote the latest climate scare, as well as reports 
from other organisations, only serve to amplify the false narrative. A 
new trend is the accompaniment of news releases by ‘climate pornog-
raphy,’ in the form of graphic depictions of the latest weather disaster. 
Even the UN Secretary-General has hysterically described AR6 as ‘code 
red for humanity.’78 

At the same time, however, the voice of reason is slowly making 
itself heard. A recently published study of possible trends in extreme 
weather17 makes the following statement:

None of these response indicators show a clear positive trend of ex-
treme events. In conclusion on the basis of observational data, the 
climate crisis that, according to many sources, we are experiencing 
today, is not evident yet.

Climate writer Fred Pearce makes the point that weather disas-
ters are often the result of land-use changes and poor planning, rather 
than climate.79 For example, a severe shortage of food in Madagascar 
in 2020 was caused primarily by poor water infrastructure, not the on-
going drought, as recognized in AR6 and noted earlier in Section 3. 
And the continuing dry state of Lake Chad in West Africa is a conse-
quence not of climate change, but of the diversion of rivers in neigh-
boring countries that once supplied most of its water, for irrigation of 
frequently inefficient rice farms. Another example is wildfires caused 
by lack of fire suppression, as discussed in Section 7.

Extreme weather conditions are produced by natural patterns in 
the climate system, not global warming. As mentioned earlier in this 
report, the Atlantic Multidecadal Oscillation governs many extremes, 
such as intense hurricanes in the North Atlantic basin and major floods 
in eastern North America and western Europe; cold extremes in North 
America are tied to the North Atlantic and Pacific Decadal Oscillations. 
The El Niño and La Niña cycles in the Pacific Ocean often cause cata-
strophic flooding in the western Americas, as well as severe droughts 
in Australia. La Niña has also been connected to major landfalling hur-
ricanes in the US.

AR6 wisely does not change the IPCC’s previous stance on floods, 
tornadoes or wildfires. But its conclusions about droughts, tropical cy-
clones, heatwaves (including marine heatwaves) and cold extremes 
cannot be justified by actual observations.
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