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‘The effects of global inaction are startling 
…Around the world, we are seeing heat 
waves, droughts, forest fires, floods and 
other extreme meteorological events, ris-
ing sea levels, emergencies of diseases 
and further problems that are only premo-
nition of things far worse, unless we act 
and act urgently.‘

His Holiness, The Pope1

‘Climate change is happening now and to 
all of us. Every week brings a new example 
of climate-related devastation. No country 
or community is immune…

Such events are becoming more frequent, 
more severe and more widespread and 
will become even worse unless we act 
urgently, now.

It is clear that climate change threatens 
decades of development progress and 
places in jeopardy all our plans for inclu-
sive and sustainable development.

From increased poverty and food inse-
curity, to growing water stress and accel-
erated environmental damage, climate 
change is a clear and present threat.’

UN Secretary General, António Guterres2

‘Mr Guterres noted that the climate crisis 
has generated ‘turbocharged’ hurricanes 
and storms, which are occurring with 
greater intensity and frequency.’

UN News3

‘Climate change is creating catastrophic 
wildfires.’

Carly Phillips, World Economic Forum4

‘Now I think America is learning lessons on 
the importance of ecology…on the east 
coast, floods, and on the west coast, [for-
est] fires’.

The Dalai Lama5

‘2015 was a record-breaking year in the US, 
with more than 10 million acres burned,’ 
he told DW in an interview. ‘That’s about 4 
million hectares, or an area of the size of 
the Netherlands or Switzerland’.

Jason Funk, Union of Concerned Scientists6 

‘More than 70 health organisations signed 
a statement that, among other things, 
calls for a move away from fossil fuels. The 
groups cite storm and flood emergencies, 
chronic air pollution, the spread of dis-
eases carried by insects, and especially 
heat-related illnesses.’

Inside Climate News7

‘Mounting evidence points to the fact that 
climate change is already affecting agri-
culture and food security, which will make 
the challenge of ending hunger, achiev-
ing food security, improving nutrition and 
promoting sustainable agriculture more 
difficult…

Changes in climate are already undermin-
ing production of major crops (wheat, 
rice and maize) in tropical and temperate 
regions.’

Food and Agriculture Organization of the 
United Nations (FAO), International Fund 

for Agricultural Development (IFAD), United 
Nations Children’s Fund (UNICEF), World 

Food Programme (WFP) and World Health 
Organization (WHO)8
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1. The standard narrative 
The standard narrative regarding climate change, as 
represented by the quotes on the opposite page, from 
some of the world’s most influential people and institu-
tions, is that climate change is already increasing the fre-
quency and intensity of extreme weather events (EWEs) 
and wildfires, reducing available water and crop yields, 
increasing diseases, hunger, poverty and human mortal-
ity, and reducing productivity of the biosphere and the 
habitat available for species. It is claimed that these and 
other climate change impacts are diminishing human 
and environmental wellbeing, and will reduce them fur-
ther unless ‘drastic measures to achieve as quickly as pos-
sible zero net greenhouse gas emissions’ are taken.9

This paper considers whether data on climate-sen-
sitive indicators are consistent with this narrative. Spe-
cifically, it examines empirical trends in extreme events, 
wildfires, water availability, vector-borne diseases, and 
some indicators of human and environmental wellbeing, 
such as economic development, poverty rates, life expec-
tancy, biological productivity, and cropland per capita. 
Since climate change is a global phenomenon, the paper 
focuses primarily on indicators at the global scale. But 
it will also examine trends for the US, to a lesser extent 
China and India (which together comprise over a third 
of humanity), and, where readily available, aggregated 
data from developing or low-income countries. However, 
one should recognise that the existence of a trend in one 
country (or section of the globe) is not indicative of a 
global trend. 

Moreover, because climate change should not be 
confused with fluctuations in the weather, the focus 
will be on long-term trends. Ideally, the temporal record 
examined should be long enough to, firstly, capture 
a change in climate. Climate is often defined in terms 
of 30-year averages. Thus, it should be long enough to 
define at least two non-overlapping 30-year periods. Sec-
ondly, it should also encompass at least one, if not more, 
full periods encompassing any significant atmospheric 
or oceanic cycle(s) that could significantly affect the phe-
nomenon for the region under examination. For example, 
the Atlantic Multidecadal Oscillation, which, it has been 
theorised, can affect precipitation and droughts on both 
sides of the Atlantic and hurricane activity in the North 
Atlantic Basin, has a 60–80 year period.10 Thus, ideally, the 
temporal record for determining trends for that region 
should be long enough to span a few of these periods.

Unless explicitly noted, I will use ‘climate change’ 
synonymously with ‘greenhouse gas induced climate 
change’. 



Figure 1: Heatwaves for the 
USA.
Source: USGCRP (2017), p. 191, 
Figure 6.4.
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2. Extreme weather events
According to the Intergovernmental Panel on Climate Change 
(IPCC), human activities have warmed the globe about 1°C since 
preindustrial times.11 Beyond exacerbating heat waves, climate 
change, it is claimed, has increased the frequency and/or inten-
sity of various EWEs such as cyclones (known as hurricanes in the 
Americas, and as typhoons in Asia and the Pacific), which would 
increase weather-related deaths and economic losses. This section 
examines empirical trends in:

• the various categories of EWE
• related mortality and economic losses.

Extreme temperatures
According to the latest IPCC assessment,12 ‘since about 1950 it is 
very likely that the numbers of cold days and nights have decreased 
and the numbers of warm days and nights have increased overall 
on the global scale, that is, for land areas with sufficient data. It is 
likely that such changes have also occurred across most of North 
America, Europe, Asia and Australia’. Thus, heatwaves should have 
increased for these areas, while cold waves should have declined. 
However, it has low-to-medium confidence in historical trends in 
daily temperature extremes in Africa and South America over this 
period, either because data are insufficient or trends are mixed.13 
It should also have noted that the period from 1950 to the present 
is only a small sliver of Earth’s history.

In some of the regions with longer records and wider cover-
age, empirical data reveals that heatwaves were more extreme in 
the past, for example in the US in the 1930s, when atmospheric 
carbon dioxide concentrations were only 75% of those today (see 
Figure 1).14 Moreover, newspaper accounts from Australia from the 
same period and the 19th century provide evidence of extreme 
heatwaves whose intensity and extent exceeded the official 
meteorological records, which are of recent vintage.15 Also, proxy 
records for China indicate that although extremely cold winters 
between 1500 and 1900 were more frequent than those after 
1950, ‘the intensity of regional heat waves, in the context of recent 
global warming, may not in fact exceed natural climate variability 
seen over the last 2000 years’.16



Figure 2: Hurricanes land-
falling in the continental 
USA, 1851–2018. 
Note in particular the 12-year 
‘drought’ of major hurricanes 
from 2005–2017. Source: National 
Hurricane Research Division. See 
also Klotzbach et al. (2018).

Figure 3: Global and north-
ern hemisphere ACE. 
24-month running sums. Global 
and Northern Hemisphere data 
are as indicated on the figure. The 
Southern Hemisphere is effec-
tively the gap between the two 
lines. Source: https://policlimate.
com/tropical/, based on update 
of Maue (2011).
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Cyclones
Figure 2 is a plot of all hurricanes (top panel) and major hurricanes 
(bottom panel) hitting the US from 1900 through 2017. Neither 
shows an increasing trend.

This is consistent with a 2012 review, which found no significant 
increase in the frequency or intensity of all or major hurricane-
strength landfalling cyclones for either the globe or the five major 
hurricane-spawning basins (North Atlantic, northeastern Pacific, 
western North Pacific, northern Indian Ocean, and the Southern 
Hemisphere).17

Similarly, as shown in Figure  3, there are no upward trends 
in hurricanes’ accumulated cyclone energy (ACE), an approxi-
mate measure of their cumulative energy (or their destructive 
potential).18 This is true globally, and also individually for the 
Northern and Southern Hemispheres.

https://policlimate.com/tropical/
https://policlimate.com/tropical/


Figure 4: Strong tornadoes 
in the USA, 1950–2017. 
Source: S. Hinson, NOAA, personal 
communication, 2019.
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Tornadoes
Over the years, there has been a substantial increase in the num-
ber of tornadoes reported and/or observed in the contiguous US. 
This increase is attributed to a combination of improved detection 
technologies (e.g. Doppler radar) and an increase in the number of 
trained observers.19 

The stronger the tornado, the less the likelihood that it would 
have escaped detection in earlier times. Therefore, tornado trends 
are more appropriately based on trends in stronger tornadoes. 
Figure 4 shows the trend in severe (F3) and devastating or worse 
(F4 and F5) tornadoes for the contiguous US from 1950 to 2017. 
Clearly, strong tornadoes have, if anything, been declining over 
time.

Floods
It is generally accepted that climate change should increase global 
precipitation and, indeed, it has. It is a small step to then speculate 
that floods have become more prevalent. But, as a recent paper 
– entitled ‘If precipitation extremes are increasing, why aren’t 
floods?’ – notes, ‘evidence for increases in flooding remains elu-
sive. If anything, flood magnitudes are decreasing’.20

This statement is consistent with the Climate Science Special 
Report, which notes that ‘The IPCC [Fifth Assessment Report] did 
not attribute changes in flooding to anthropogenic influence 
nor report detectable changes in flooding magnitude, duration, 
or frequency’.21 This is supported by an investigation of annual 
maximum daily streamflow data from 9213 stations across the 
globe, which showed that there were more stations with signifi-
cant decreasing trends than significant increasing trends. Thus 
evidence for the hypothesis that flood hazard is increasing is limit-
ed.22 There is therefore something of a paradox: increasing precipi-
tation but reduced flooding. The explanations put forward include 
decreases in antecedent soil moisture, decreasing storm extent, 
decreases in snowmelt and snow extent, and changes in land cov-
er.23



Figure 5: Drought as meas-
ured by Palmer Z-index 
for the contiguous US,12-
month averages, August, 
1895-July, 2019. 
Source: Brown indicates a 
drought, whereas green indicates 
no drought (relative to the mean). 
The blue line is the trend. Source: 
NOAA, 2019.
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In the United States, ‘Trends in extreme high values of stream-
flow are mixed…Analysis of 200 US stream gauges indicates areas 
of both increasing and decreasing flooding magnitude but does 
not provide robust evidence that these trends are attributable to 
human influences’.24 This finding is supported by a study of 1204 
‘minimally altered’ catchments in North America and Europe, 
which found ‘no compelling evidence for consistent changes over 
time in major-flood occurrence’.25 The same study observed that 
flood occurrence seemed to have a closer relationship with the 
the Atlantic Multidecadal Oscillation – a cyclic climatic phenom-
enon – than with time (which, over the past century or more, may 
be viewed as a surrogate for carbon dioxide levels or global tem-
peratures).

Droughts
For the contiguous US, the trend in drought from August 1895 to 
July 2019 has, if anything, been downward (Figure 5).26 This trend 
has been associated with long-term precipitation increases.27 



Figure 6: Global drought 
1950–2018. 
Percentage of global land area 
(excluding ice sheets and deserts) 
in drought, by severity, based on 
self-calibrating Palmer Drought 
Severity Index. Inset: each month 
of 2018. Source: Barichivich et al. 
(2019, S40).
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Moreover, ‘by geographical scale and duration, the Dust Bowl era 
of the 1930s remains the benchmark drought and extreme heat 
event in the historical record’.28

At the global scale, the IPCC notes that there is low confi-
dence in any trends in drought.29 This suggestion was confirmed 
by an analysis of precipitation data from 1980 to 2012, which 
found a significant positive trend in the land area under drought 
in the Southern Hemisphere but no significant trend in the North-
ern Hemisphere or, more importantly, the entire globe.30 A similar 
study found no increase in global area under drought from 1982 
to 2012.31 Figure 6 shows total global area under drought from 
1950–2018.32 It suggests phase or instrumental changes in the 
early 1980s, but no subsequent increase in the drought area.

It has also been hypothesised that the intensification of the 
hydrological cycle due to climate change would lead to dry areas 
becoming drier and wet areas wetter. However, an analysis of 
global data sets for evapotranspiration, precipitation and poten-
tial evaporation from 1948 to 2005 found that ‘over about three-
quarters of the global land area, robust dryness changes cannot 
be detected.33 Only 10.8% of the global land area shows a robust 
‘dry gets drier, wet gets wetter’ pattern, compared to 9.5% of 
global land area with the opposite pattern, that is, ‘dry gets wet-
ter, and wet gets drier.’ In other words, the hydrological cycle is 
not obviously becoming more intense.

Moreover, a review of paleoclimate data shows that today’s 
droughts are not particularly remarkable when placed in histori-
cal context. The paper says, ‘megadroughts reconstructed over 
north-central Europe in the 11th and mid-15th centuries rein-
force other evidence from North America and Asia that droughts 
were more severe, extensive, and prolonged over Northern Hemi-
sphere land areas before the 20th century’.34

More importantly, concerns about drought are driven by 
concerns that people will run out of water to drink, grow crops 
and meet other human and environmental needs. These worries 
are magnified by the fact that populations continue to grow. Nev-
ertheless, access to safer water has actually increased (Figure 7), 



Figure 7: Access to clean 
water, 1990–2015. 
Percentage of population with 
access to improved water sources 
for various countries and coun-
try-groups. Source: WDI (2019).

Figure 8: Average annual 
deaths and death rates 
from all EWEs, 1900–2018. 
Source: Updated from Goklany 
(2009b), using WDI (2019) and 
EM-DAT (2019).
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as have crop yields worldwide (Section 5). In other words, notwith-
standing increasing pressures on water supplies, society’s ability 
to provide the services humans demand directly or indirectly from 
water has, paradoxically, increased, probably because of techno-
logical improvement, driven by economic development, which 
makes better technologies more affordable.35 This suggests that 
analyses of the impacts of climate change should go beyond cli-
mate’s biophysical effects and consider human adaptability. 

Mortality
Since, as we have just seen, the frequency, duration and intensity 
of EWEs has not increased, one might expect global death rates 
from all such events to be more or less constant. But in fact, as 
Figure 8 shows, since the 1920s, global death rates from all EWEs 
have declined by 98.9%. More remarkable is the fact that annual 
deaths from such events have decreased by 96.1% over this period 
despite a more-than-tripling of the population. Notably, the vast 
majority of these reductions occurred before climate change 
became a concern for the public and policymakers (arguably no 
earlier than the signing of the 1992 Rio Declaration). This suggests 
that autonomous adaptation driven by wealth and technologi-
cal change is a natural human response to perceived threats, and 
should be incorporated into estimates of future climate change 
impacts.36



Figure 9: Optimum average 
daily temperature at which 
mortality is minimized, 
expressed as a percentile 
of the average daily tem-
perature distribution. 
From Gasparrini et al. (2015), 
except for India, from Fu et al. 
(2018). The total bar is based on 
the aggregate deaths for coun-
tries in blue.
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Figure 10: Ratio of deaths 
attributable to colder-
than-optimum versus 
those attributable to 
warmer-than-optimum 
temperatures. 
From Gasparrini et al. (2015), 
except India, from Fu et al. (2018). 
The total bar is based on the 
aggregate deaths for countries in 
dark blue.
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To put this into context, the average annual death toll from 
all EWEs in 2010–2018 was 19,021. This is only 0.035% of the cur-
rent global all-cause annual death toll of about 55 million (WHO, 
2016). Despite this, EWEs clearly receive a disproportionate share 
of publicity.

The above estimate (0.035%) also represents only a small frac-
tion of deaths attributable to abnormal temperatures. Each loca-
tion appears to have an optimum temperature at which mortality 
is a minimum,37 and this appears to vary between the 60th percen-
tile of the average daily temperature for some tropical countries to 
more than the 90th percentile in some temperate countries.38 Fig-
ure 9 shows that most of the optimum temperatures are clustered 
between the 78th and 93rd percentiles.

Many more deaths are attributable to abnormally cold than 
to abnormally warm days (see Figure 10). An analysis of over 74 
million deaths at 384 locations in 13 countries suggested that 
deaths from abnormal cold are 17 times more common than 
deaths from abnormal heat. Even in a warm country like India, the 
ratio is nearly 14.39 It has also been estimated that extreme cold 
and hot temperatures are together responsible for less than 1% of 
total mortality, nine times less than abnormal temperatures.40



Figure 11: Global weather 
losses as percent of global 
GDP, 1990–2018. 
Source: Pielke, Jr (2019), avail-
able at https://rogerpielkejr.
com/2019/01/10/tracking-prog-
ress-on-disasters-2018-update/

1990

Pe
rc

en
t

0

0.1

0.2

0.3

0.4

0.5

1995 2000 2005 2010 2015

Linear trend

9

There is substantial evidence of a decline in mortality from 
heat in several countries in recent years, suggesting adaptation 
and/or acclimation. The relative risk associated with high tem-
peratures declined significantly between 1993 and 2006 in the US, 
Japan, and Spain;41 the decline in Canada was not significant, and 
in certain other countries the changes have been small or of low 
statistical power. Interestingly, the authors found that risk to the 
US population ‘seems to be completely abated in 2006 for sum-
mer temperatures below their 99th percentile’. Another study 
found that, notwithstanding any urban heat island effect, there 
was a 80% decline in US mortality rates on hot days during the 
20th century.42 

Societies may adapt better to heat rather than cold. A study 
of 53 communities in Japan and Korea found that the relative risk 
of mortality declined over time for heat waves, but apparently 
increased for cold waves.43 And an analysis of trends in country-
specific temperature-attributable mortality fractions not only 
confirmed that cold-related mortality substantially exceeds heat-
related mortality,44 it also found that despite warming trends, 
heat-related deaths decreased over the study period in 7 of the 10 
countries studied. The trends in cold-related mortality were less 
consistent, with 5 countries showing a decrease, and 1 an increase.

Finally, it has been shown that winter is warming faster than 
the other seasons, and that nighttime temperatures have warmed 
more than daytime.45 These changes are consistent with expec-
tations of climate change and suggest that, ceteris paribus, in 
the future, the reduction in deaths from cold should exceed the 
increase in deaths from heat. 

Economic losses
Figure 11 shows that global economic losses from EWEs as a pro-
portion of GDP from 1990–2018 have been declining. For the US, 
once data have been adjusted to account for growth in population, 
assets at risk and GDP, there is apparently no long-term increase 
in economic losses from hurricanes,46 floods,47 or tornadoes.48 An 
analysis of losses from weather-related disasters in China between 
1985 and 2014 tells a similar story.49



Figure 12: Area burned by 
wildfire, US, 1926–2017. 
Source: US National Interagency 
Fire Center (2018), https://www.
nifc.gov/fireInfo/fireInfo_statistics.
html.
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3. Area burned by wildfires
One of the risks of climate change is that it might exacerbate 
wildfires. This would then affect forests, other ecosystems, human 
health, and water quality, among other things.50 However, it 
appears that wildfires probably burned more area in the past 
– both before 1930 and in the pre-industrial era.51 Analyses of 
charcoal in ice cores, lake and marine sediments, and tree-rings 
suggest that levels of fire activity vary greatly over the centuries, 
but ‘generally fire occurrence increased to a peak around 1850 
before declining to [present day] levels’.52 It also appears that the 
current acreage burned in wildfires is substantially smaller for Cali-
fornia specifically, and the globe generally:

On longer timescales Mallek et al. suggest that [present day] 
burned area is just 14% of [pre-industrial] burned area in Califor-
nia, and Arora and Melton suggest an overall global decline of 
25–30% in burned area since the [preindustrial era]. This decline 
in fire is a result of human activity: e.g., passive fire suppression 
from landscape fragmentation limits the spread of fires, while 
active fire suppression management and legislation aimed to 
improve air quality offset any potential anthropogenic increase 
in accidental fire ignitions.53

A recent review of satellite data found that the global burned 
area declined by between 16 and 33% between 1998 and 2015.54

With respect to the USA, Figure 12 indicates more land area 
was burned by wildfires from the 1920s through the 1950s than 
at present, peaking at four to five times current levels during the 
1930s, which also saw the worst heatwaves in the US over the past 
century (see Figure 1). This suggests that, while weather may have 
an influence, factors such as land management and fire suppres-
sion may be more important in determining the area consumed 
annually by wildfire.





Figure 13: Malaria death 
rates. 
(a) Global malaria death rate (per 
100,000 population), 1900–2017 
and (b) Age-standardised death 
rates for selected countries/
regions 1990–2016. Sources: 
WHR (1999), p. 50, for 1900–1970; 
1990–2017 (IHME 2019), visited 
January 6, 2020. 
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4. Disease
Warming, it is claimed, could increase the impact of climate- and 
weather-sensitive diseases. These include diarrheal diseases, as 
well as diseases transmitted or mediated by organisms whose life-
cycles are sensitive to temperature, the presence of water or other 
climatic/weather factors.

The impact of diseases is measured in two different ways: mor-
tality, and the global burden of disease (GBD), which is a measure 
of useful life lost due to being ill. GBD is measured in disability-
adjusted life years lost, or DALYs.

Parasitic and vector-borne disease
In the period 2000–2016, GBD for parasitic and vector-borne 
diseases declined by 42%.55 Of the 13 diseases listed under this 
category by the WHO,56 only dengue bucked the trend, but it is a 
relatively uncommon illness, representing just 6% of the category 
total in 2016. It is noteworthy that Zika, another dread disease fre-
quently linked with climate change, does not even merit an entry 
on the WHO breakdown of the diseases in the category.

Malaria accounted for approximately 72% GBD of the cate-
gory in 2016, and 76% in 2000,57 so it is a reasonable surrogate 
for such diseases. In 2017, it accounted for 1.1% of global deaths, 
23% below its rate in 1990.58 Figure 13 indicates that the global 
crude death rate for malaria declined by 96% from 1900 to 2017. 
The decline for the US (not shown) was even more spectacular. 
In 2016, there were 5 malaria deaths in the US,59 a rate of 0.0016 
deaths per 100,000 population. In 1900, the rate was 7.9, so there 
has been a reduction of 99.8%.60 Figure 13 shows that there have 
also been remarkable improvements elsewhere: the age-stand-
ardised death rates for China, India and Sub-Saharan Africa have 
declined by 55%, 48% and 41% respectively, from 1990–2017.61 
These improvements can be attributed to improved public health, 
the result of economic development, better science and technol-
ogy, and its wide dissemination. Similar to death rates from EWEs 
(Figure 8), most of the improvements predate concern about cli-
mate change. They testify to humanity’s ability to adapt to and 
reduce the impact of adversity.



Figure 14: Death rates from 
diarrheal diseases, 1985–
2017. 
Death rates per 100,000 popu-
lation, age-standardised. CSSA, 
ESSA, SSSA, WSSA are central, 
eastern, southern and west-
ern SSA, respectively. Source: 
OWID, https://ourworldindata.
org/grapher/diarrheal-dis-
ease-death-rates, visited April 16, 
2019.
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Moreover, the prevalence of malaria is far more sensitive to the 
quality of public health systems and socioeconomic conditions 
than to climate, as demonstrated by the recent upsurge in malaria 
in Venezuela, even as it fell in the rest of South America.62 During 
the first decade of the 21st century, malaria prevalence in that 
country had stabilised at around 1.5 per 1000 inhabitants; by 2017 
it had increased sixfold,63 representing more than half of the cases 
in the Americas, and 20 times its share in 2000.64

Diarrheal diseases 
Diarrheal diseases accounted for 5.6% of global deaths in 1990 
and 2.8% in 2017: a halving. Figure 14 shows that between 1990 
and 2017, the age-standardised death rate for these diseases 
decreased everywhere. Going further back, crude US death rate 
from ‘diarrhea and enteritis’ was 133.2 per 100,000 in 1900,65 and 
2.7 per 100,000 in 2017 from diarrheal diseases.66,67 Notwithstand-
ing minor differences between the two classification schemes, the 
numbers indicate a large decline in deaths since the start of the 
20th century.

5. Food and hunger
Among the numerous concerns regarding climate change is that 
it could reduce crop yields and therefore global food supplies, 
which, in turn, could increase hunger and malnourishment. How-
ever, cereals, excluding what is used to make beer, provide 45% of 
global food calories,68 and data from the UN show that at least from 
1961 onwards, cereal yields increased in every geographical area 
of concern: China, India, the Least Developed Countries, and the 
Low-Income Food Deficit Countries (Figure 15a). This has, over the 
long term, helped increase food supplies per capita (Figure 15b) 

https://ourworldindata.org/grapher/diarrheal-disease-death-rates
https://ourworldindata.org/grapher/diarrheal-disease-death-rates
https://ourworldindata.org/grapher/diarrheal-disease-death-rates


Figure 15: Improving food 
situation since 1961
(a) Cereal yields, 1961–2016; 
(b) food supply, 1961–2013; 
(c) prevalance of hunger, 2000–
2016 (3-year centred moving 
average). LDC = Least Developed 
Countries; LIFDC = Low Income 
Food Deficit Countries. Source: 
FAOSTAT (2019).
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and reduced the prevalence of chronic hunger or undernourish-
ment (Figure  15c). While there may be year-to-year fluctuations 
(due to weather, not climate change), none of these figures sug-
gest a sustained decline in food security, despite steady increases 
in carbon dioxide and any warming.

Overall changes in yields and food supplies over what might 
be considered to be approximately the period of global warming 
are summarised in Table 5.1. Global cereal yields have tripled, and 
food supplies per capita have increased by 31% since 1961. The 
table also shows more recent changes in the prevalence of chronic 
hunger. These have declined markedly.



Table 1: Improvements in cereal yields, food supplies and hunger

Change in: China India US LDC LIFDC World
% change

Cereal yield, 1961–2017 405 234 228 87 155 201
Food supplies per capita, 1961–2013 120 22 28 21 22 31
Proportion chronically hungry, 1989–1991 
to 2015–2016

−45 −19 NE −30 −17 −28

NE = no estimate provided. Source: FAOSTAT (2019).
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Most of the increase in yields is due to the use of fossil fuel 
dependent technologies. First, nitrogenous fertilisers are derived 
directly or indirectly from the Haber-Bosch process, which uses 
natural gas – or in China, coal – as its energy source. It has been 
estimated that the Haber-Bosch process is responsible for 48% of 
the world’s food production.69 Second, synthetic pesticides, which 
also use fossil fuel products as their feedstocks, are vital. Without 
them crop yields would be reduced by 26–40%.70 These two tech-
nologies alone have increased food production by over 150%.71 

6. Sea-level rise and land loss
Another concern is that seas will rise and inundate coastal areas, 
severely affecting, if not endangering, coastal and island popula-
tions through floods, storm surges, contamination of water sup-
plies, and loss of living space and agricultural lands. And, indeed, 
the seas have been rising for much of the twenty centuries since 
the last ice age. However, virtually all of this rise – over 120,000 mm 
– predates human fossil fuel use. Sea-level rise (SLR) is normal dur-
ing an interglacial, like the period we are in. One should expect, 
therefore, that climate change would accelerate SLR.

It is suggested that global mean sea level (GMSL) has been ris-
ing at a rate of around 3 mm per year since 1993, with an accelera-
tion of 0.084 ± 0.025 mm/year2.72 The IPCC’s Fifth Assessment notes 
that the current rate of SLR is higher than the mean rate during 
the 20th century, but this may be a fluctuation rather than a real 
acceleration because:

• The records are very short, especially compared to the length 
of oceanic cycles that could affect SLR.

• GMSL ‘rose between 1920 and 1950 at a rate comparable to 
that observed since 1993’

• There have been ‘previously reported multi-decadal varia-
tions of mean sea level’.73

Nevertheless, one should expect that beaches and low-lying 
islands would have shrunk because of SLR. However, a study of 
the state of the world’s beaches indicates that only 24% of them 
are eroding at rates exceeding 0.5 m per year, while 28% are grow-
ing and 48% are stable.74 It also found that erosion rates exceed 
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5  m per year along only 4% of the world’s sandy shorelines, 
whereas 6% are growing at more than 5 m per year. This finding 
is consistent with a recent analysis that found that ‘Earth’s surface 
gained…33,700 km2 of land in coastal areas’.75 While this is a minis-
cule increase relative to the global land area, it is inconsistent with 
the notion that land (in aggregate) is disappearing.

Other counterintuitive results include the recent finding that 
coral atolls do not seem to be shrinking either. An analysis of 30 
Pacific and Indian Ocean atolls, including 709 islands, revealed 
that no atoll larger than 10 ha was becoming smaller and that the 
vast majority of islands were either stable or increasing in area. 
Only 11% were contracting.76 It has also been shown that the 101 
islands of the atoll nation of Tuvalu have expanded in area by 3% 
between 1971 and 2014, despite the fact that local sea level rose 
at twice the global average rate.77

Finally, Bangladesh is frequently cited as a country that is 
threatened by SLR. However, a study of its coastline using 30 years 
of Landsat (satellite) images revealed that the rate of accretion 
was slightly higher than the rate of erosion, resulting in a net gain 
of 237 km² between 1985 and 2015. The rate of increase is small, 
but quite a contrast to received wisdom.78

7. Human wellbeing
Climate change is said to be a threat to human wellbeing.79 The 
previous sections have shown that trends in many of the factors 
that might directly affect human wellbeing have, contrary to the 
standard narrative, actually improved. In this section, I consider 
some of the broader indicators of human wellbeing to see if these 
have worsened, as would be expected per the standard climate 
narrative. The indicators concerned cover the areas of economic 
development, life expectancy, health, poverty, human develop-
ment, and access to amenities such as electricity, the Internet, and 
mobile phones. 

Economic development and life expectancy
Two of the broadest indicators of human wellbeing are economic 
development and life expectancy. Notably, these were two of 
the three measures used in the UN’s original Human Develop-
ment Indicator. Economic development, for which I will use GDP 
per capita as a surrogate, is a measure of material wellbeing and 
standard of living. Equally importantly, increases in GDP per capita 
correlate with improvements in a wide range of other indicators of 
human wellbeing:

• income and wealth

• declines in infant, child and maternal mortality

• reductions in involuntary hunger, child labour, and poverty

• improvements in health status as well as educational status 
and achievement

• expenditures on health, and research and development.80 



Figure 16: Carbon dioxide and 
human welfare.  
(a) World and (b) China. Updated 
from Goklany (2012a).  Indicators 
of human welfare are: changes 
in GDP (per capita at PPP in 2011 
USD),  population and life expec-
tancy. Carbon dioxide is repre-
sented by changes in emissions per 
capita and global concentration. 
All changes versus 1800 value, or 
nearest alternative date. Note that 
in 1800, emissions per capita were 
negligible.Sources citation in main 
text.
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Meanwhile, life expectancy, probably the single most important 
indicator of human wellbeing, reflects changes in:

• infant, child, and maternal mortality
• health (and healthcare)
• sanitation
• access to clean water.

However, because it is theoretically possible for it to increase even 
as health status deteriorates, I also consider a measure in which 
life expectancy is discounted for years spent in poor health. How-
ever, these so-called ‘health-adjusted’ life expectancy (HALE) val-
ues are based on subjective determinations regarding the severity 
of different diseases so the values for HALE should be treated cau-
tiously.

Figure  16a shows changes during the fossil fuel era in GDP 
per capita, life expectancy, population, and annual carbon dioxide 
emissions per capita – an approximate surrogate for fossil fuel use 
per capita – for the world.81 The latter can be used as an approxi-
mate82 marker to identify when industrialisation commenced in 
earnest for the geographic area under consideration (the whole 
world in this figure). Global atmospheric carbon dioxide concen-
tration is also shown because it is an indicator for the amount of 
climate change that has (or should have) occurred. It helps the 
reader determine whether wellbeing indicators have declined as 



Table 2: Life expectancy, PM2.5 exposure and CO2 concentrations, 1990–2010. 

1990 2010 % increase

China PM2.5 exposure* (μg per m3) 57.8 69.5 20
Life expectancy, total (years) 69.3 75.2 9

India PM2.5 exposure* (μg per m3) 81.3 95.8 18
Life expectancy, total (years) 57.9 66.6 15

CO2 Atmospheric concentration (ppm) 354 390 10

* population-weighted mean annual exposure. Source: World Development Indicators, April 24, 2019.
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global carbon dioxide concentrations (and, presumably, tempera-
tures) have increased.83

Figure  16a also shows that human wellbeing has increased 
in parallel with the increase in fossil fuel use. Moreover, both life 
expectancy and GDP per capita increased despite a ramp-up of 
the population. This observation undermines the fundamental 
premise underpinning demands to reduce carbon dioxide emis-
sions, namely, that those emissions are reducing wellbeing in mul-
tiple ways: improving wellbeing and increasing population are the 
very definition of a species’ success, so long as a habitable envi-
ronment is maintained (see Section 8). The corresponding graph 
for China (Figure 16b) affirms these findings, as do the graphs for 
the US, UK, France, India, the Less Developed Countries, and sub-
Saharan Africa (not shown). The increases in life expectancy and 
GDP per capita for China in the late 20th and early 21st centuries, 
which roughly parallel increases in carbon dioxide per capita, are 
particularly dramatic.

Curiously, given the large estimates of the death toll associ-
ated with outdoor air pollution, one may have expected that air pol-
lutants in combination with carbon dioxide would have reduced 
life expectancy during the period of high carbon dioxide growth 
for a nation, that is, from the late 1990s to the present. It has been 
estimated that in 2010, outdoor air pollution, mostly from PM2.5, 
led to 1.36 million deaths in China and 645,000 deaths in India.84 If 
these estimates, which are based on statistical associations rather 
than hard cause-of-death data from death certificates, are accu-
rate, then for 2010, 14.8% of all deaths in China and 7.0% in India 
were due to outdoor air pollution.85 Nevertheless, there is no hint 
of any decline in life expectancy during the period when fossil fuel 
use and therefore presumably outdoor air pollution were growing 
rapidly (see Figure 16b). 

Table 2 indicates that, despite substantial increases in PM2.5 
exposures, life expectancies in both countries increased substan-
tially. This indicates that deaths from outdoor air pollution do not 
substantially decrease life expectancy, are overestimated, or they 
are more than overwhelmed by all the factors associated with eco-





Figure 17: Trends in global 
poverty, 1820–2015. 
(a) Number and (b) percentage 
of people in ‘absolute’ poverty. 
Sources: Bourguignon and 
Morrisson (2002; solid lines); WDI 
(2019; dotted lines).

0 

50 

100 

150 

200 

250 

300 

350 

400 

0 

500 

1000 

1500 

2000 

1800 1850 1900 1950 2000

Figure 18: Decline in poverty 
rate, China, India, South 
Asia, Sub-Saharan Africa, 
and the World, 1977–2015. 
Source: WDI (2019).
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nomic development and energy use that improve life expectancy, 
or some combination of these factors. 

Further support for this observation comes from the fact that 
comparing a list of Chinese cities ranked by the Air Quality Index 
versus rankings by life expectancies (both for 2018) reveals no 
correlation between the two lists. For example, Shanghai, Suzhou 
and Nanjing are ranked 1st, 2nd and 3rd by life expectancy but 
10th, and 13th and 12th by AQI.86 Notably, Beijing is 10th by life 
expectancy but 28th by AQI. In fact, of the top 20 cities in terms 
of life expectancy, 11 are not even listed among the top 45 cities 
in terms of AQI. According to Wikipedia’s list of Chinese cities by 
life expectancy, ‘Most cities with high life expectancy are located 
in the Yangtze River Delta, Pearl River Delta and Beijing-Tianjin 
region’. These are among the most industrialised (and urbanised) 
areas, not just in China, but anywhere in the world.

Poverty rate
As economic development has advanced around the world, abso-
lute poverty has declined. Figure 17 shows that in 1820, a billion 
people – 84% of the global population – lived in absolute pover-
ty.87 By 2015, this had dropped to 10%. Thus fewer people live in 
absolute poverty today than in 1820, despite a sevenfold increase 



Figure 19: Life expectancy 
for Africa, South East Asia, 
Europe, and the World, 
2000–2016. 
(a) LE and (b) HALE. Sources: WHO 
(2019).
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Table 3: HALE in 2016 versus LE in 1950. 

  LE in 1950 HALE in 2016 2016 HALE above LE of
China 41.0 68.7 1986
India 32.0 59.3 1992
US 68.2 68.5 1951

World 49.0 63.3 1981

CO2 concentration (ppm) 311 404

Sources: Figures 6.1–6.4, WHO (2019).
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in population. Figure 18 shows poverty rates declined across most 
of the world from 1977 onward.

Notably, the fastest declines in the global poverty rate 
occurred in the past three decades, coinciding with rapid increases 
in atmospheric carbon dioxide, due mainly to the explosion in fos-
sil fuel use in China (Figure 16b) and, to a lesser extent, India. Con-
sistent with the notion that economic development and energy 
consumption are positively correlated, these two countries also 
saw a more rapid reduction in their poverty rates than the world 
as a whole during this period (Figures 17 and 18).

Health-adjusted life expectancy
Health-adjusted life expectancy (HALE) accounts for the fact that 
a longer life does not necessarily equate to a healthier life. HALE is 
calculated by adjusting life expectancy (LE) downward to account 
for the amount of time people spend in a diseased or disabled 
condition, taking into account the severity of the disease or dis-
ability. However, in contrast to LE, HALE estimates are rather sub-
jective, in particular with regards to the weight assigned to each 

disease condition or disability. Figure 19 shows that LE and HALE 
have been increasing, more or less monotonically, since 2000.88 

In fact, HALE in virtually every area today exceeds unadjusted 
life expectancy from a generation or two ago (Table 3).



Table 4: Trends in HDI, 1990–2017 

HDI 1990 HDI 2017 % increase 
LDCs 0.35 0.52 51
SSA 0.40 0.54 35
India 0.43 0.64 50
South Asia 0.44 0.64 45
China 0.50 0.75 50
East Asia and Pacific 0.52 0.73 42
Arab states 0.56 0.70 25
Latin America and Caribbean 0.63 0.76 21
Europe and Central Asia 0.65 0.77 18
USA 0.86 0.92 7
World 0.60 0.73 22
Source: UNDP, at http://hdr.undp.org/sites/default/files/2018_human_development_statistical_
update.pdf, visited May 12, 2019.

Figure 20: Trends in HDI, 
1990–2017. 
Source: UNDP, at http://hdr.undp.
org/sites/default/files/2018_
human_development_statistical_
update.pdf, visited May 12, 2019.
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 Notably, there was a marked LE inequality between Africa 
and the rest of the world in 2000, but the difference, of 15.7 years, 
had shrunk to 10.8 years by 2016. Similarly, the inequality in HALE 
decreased from 14.1 to 9.5 years over this period,89 confirming ear-
lier findings that human wellbeing has been globalised.90

7.4 Human development index 
The human development index (HDI) is a measure developed by 
the UN Development Programme to compare levels of human 
development in different geographical areas; it aggregates values 
for GDP per capita, life expectancy, and level of education, so as 
to emphasise that there is more to human wellbeing than wealth.

Figure 20 illustrates the trend in HDI for the world, USA, China, 
India, the LDCs and sub-Saharan Africa between 1990 and 2017. 

Table 4 indicates the percentage increase in HDI for various 
countries and country groups over the same period. Contrary to 
what might be expected if climate change is a significant, and 
negative, determinant of human wellbeing, these show that HDI 

USA
World
China
India
Sub-Saharan Africa
Less developed countries
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has improved virtually everywhere. In fact, of the 186 countries 
for which the UN provides data for 1990–2017, only three – Syrian 
Arab Republic, Libya and Yemen, all in the throes of civil wars – 
failed to improve their HDI.91 

Table 4 also indicates that, for the most part, but not invari-
ably, human wellbeing, as measured by the HDI, advanced more 
rapidly in the lesser developed areas than in the more developed 
worlds. In other words, by this measure as well, inequality has 
been shrinking for the most part.

7.5 Other quality of life indicators
Access to electricity, the Internet and mobile phones are the hall-
marks of modernity and advance individual wellbeing and quality 
of life.

Electricity allows individuals to use energy in their personal 
environment without polluting it (although it can result in sub-
stantial pollution at or near the point of generation). It provides 
round-the-clock lighting, air conditioning, and refrigeration. It can 
also be used for heating, cooking, and running appliances, com-
puters, other electronic devices, and machinery. Because of its 
centrality to modern existence, its loss is often rightly considered 
to be an emergency. Following natural disasters, restoration or 
maintenance of electricity is usually a priority.

Mobile phones and the Internet not only connect us to friends, 
relatives, and associates, they provide us with almost instant access 
to information. They can also increase resilience and help reduce 
the impacts of natural disasters by allowing warnings to be broad-
cast widely and rapidly and responses to be organised.92 They 
can increase public safety, and mobile phones are often given to 
children as a precautionary measure.93 They save users innumer-
able hours that would otherwise have been spent researching, 
shopping, or wrestling with problems and identifying solutions. 
In other words, like lighting, they have allowed human beings to 
‘expand’ the time they have (to use or misuse, as desired).94



Figure 21: Access to modern 
amenites 
(a) Electricity, 1990–2016 (b) 
Internet 1990–2016  (c) mobile 
telephones 1990–2017. Source: 
WDI (2019).
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Figure 21 shows trends in access to electricity, and Internet 
and mobile phone usage from 1990 onward for China, India, the 
US, the Less Developed countries, sub-Saharan Africa and the 
world. They indicate that the proportions of people with access to 
these amenities are increasing rapidly, and converging to the lev-
els seen in the US. This is therefore yet another example of shrink-
ing inequality around the world.



Figure 22: Change in leaf area across the globe, 1982–2015. 
Source: R Myneni.
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8. Terrestrial biological productivity
Greening of the Earth
In the popular narrative, climate change will exacerbate droughts 
and desiccate vegetation, the Earth will turn brown and wildfires 
will consume the landscape.95 However, satellite data directly con-
tradicts this story. It shows the world has become greener and 
more productive as atmospheric carbon dioxide concentration 
has increased (see Figure 22). But for the narrative, this would be 
unremarkable, since it has been known since de Saussure’s 1804 
publication, Recherches Chimiques sur la Végétation, that plants 
grow by absorbing carbon dioxide from the atmosphere. Moreo-
ver, as shown in Sections 2 and 3 respectively, droughts and wild-
fires are no more frequent or extensive than in the past. In fact, 
this greening confirms Arrhenius’ prediction that higher carbon 
dioxide levels would ‘raise the intensity of vegetable life’.96 

Satellite data shows that from 1982 to 2009, 25–50% of global 
vegetated area had become greener while only 4% had become 
browner.97 This is mostly due to carbon dioxide fertilisation, which 
increases the rate of photosynthesis and water-use efficiency of 
most plants, but also to nitrogen deposition, climate change, and 
to land use change.

In addition, global leaf area has increased at a rate of 2% or 
more per decade from 2000 to 2017.98 The greening occurred dis-
proportionately in China and India, which accounted for 25% and 
7% of the global net increase in leaf area respectively, despite only 
having 7% and 3% of global vegetated area respectively. Green-
ing came mainly from forests (42%) and croplands (32%) in China, 
and croplands (82%) in India, suggesting that the greening is from 
reforestation and agricultural practices (e.g. fertilisers and multi-
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cropping). If so, then it is consistent with the increased agricultural 
yields shown in Figure 15.

Contrary to prevailing wisdom, tree cover globally has 
increased by over 2 million km2 between 1982 and 2016, an 
increase of 7%.99 Global bare ground cover decreased by more 
than 1 million km2, a reduction of 3%, most notably in agricultural 
regions in Asia. 60% of all land use/cover changes were associated 
with direct human activities and 40% with indirect drivers such 
as climate change. These results indicate that there has been net 
reforestation and net de-desertification, partly due to climate 
change.

Productivity has been shown to have increased significantly 
from 1982 to 2011 in nearly half of global grasslands, while declin-
ing significantly in only a tiny proportion (1.5%).100 Global gross 
primary productivity (i.e. carbon uptake) increased along with 
greenness over the same period, at a rate of 0.6 ± 0.2% per year. 
This change was driven mainly by an increase in plants’ water use 
efficiency, an expected but underemphasised consequence of 
higher atmospheric carbon dioxide concentrations.101 More than 
half of the world’s vegetated land showed significant positive 
trends. 

The increased productivity from higher rates of photosynthe-
sis and water use efficiency due to higher carbon dioxide concen-
trations means that the biosphere is producing more plant matter 
per unit of land and per unit of water. In other words, there is more 
food for all organisms, even under water-stressed conditions. In 
other words, the Earth should be able to sustain larger amounts of 
biomass: more representatives of every species of plant and ani-
mal and, possibly, more species. It should also become more resil-
ient to drought, a chronic problem that is detrimental to virtually 
all life forms.

This suggestion seems to find support in a study by Stein-
bauer et al. (2018), who reviewed 145 years of plant surveys on 
European mountain-tops and found

…a continent-wide acceleration in the rate of increase in plant 
species richness, with five times as much species enrichment 
between 2007 and 2016 as fifty years ago…This acceleration is 
strikingly synchronised with accelerated global warming and is 
not linked to alternative global change drivers. The accelerating 
increases in species richness on mountain summits across this 
broad spatial extent demonstrate that acceleration in climate-
induced biotic change is occurring even in remote places on 
Earth, with potentially far-ranging consequences not only for 
biodiversity, but also for ecosystem functioning and services.102

Similarly, various analyses of species diversity in mountain 
regions – from the Andes,103 the Austrian Tyrol,104 and the Eastern 
Himalayas105 have found increased species diversity, directly con-
tradicting claims that greenhouse gas-induced warming would be 
detrimental to biodiversity.



Figure 23: Habitat saved 
from conversion to agricul-
ture because of increased 
productivity since 1961.
(a) Growth in population and 
food supply per capita. (b) Land 
required to deliver food supply 
in (a) with/without technological 
advances. Source: Calculated 
from FAOSTAT (2020). 
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Terrestrial habitat and biodiversity loss
Habitat saved through increase in agricultural productivity
Since the start of the Industrial Revolution in around 1750, global 
population has increased approximately tenfold, from about 800 
million to almost 8 billion. The need to feed and clothe these bil-
lions has led to a massive conversion of natural habitat to agricul-
tural lands (including lands for crops and pastures). The resulting 
habitat loss is generally acknowledged to be the primary threat to 
terrestrial species conservation.106

Fortunately, agriculture has become more productive in 
the last few decades, a development which has contained habi-
tat loss.107 Figure  23 indicates that, despite continued growth in 
global population and food supplies per capita, agricultural land 
area peaked around 2000.108 Between 1961 and 2013, global pop-
ulation increased from 3.1 billion to 7.2 billion (a 133% increase) 
and per-capita food supplies increased by 31%. Yet agricultural 
land only increased by 8%, from 4.5 to 4.8 billon hectares (Bha). 
This implies that, on average, one hectare of agricultural land pro-
duced 2.8 times as much dietary energy in 2013 as it did in 1961.109 
Had agricultural productivity remained at its 1961 level and all 
else remained the same, then agricultural land would have had to 
increase to 13.7 Bha to meet the current demand for dietary ener-
gy.110 But that is more than the global area of potentially produc-
tive land that exists today: land that is neither barren, nor covered 
by permanent snow and glaciers, namely, 11.3 Bha.111 These calcu-
lations also imply that increased productivity since 1961 has saved 
8.9 Bha from conversion to agricultural uses.112

Note that the assumption that all else remains the same implies 
that agricultural technology is frozen at its 1961 level; in other 
words, that no new technologies are adopted and nor is there an 
increase in the penetration of existing technologies. The calcula-
tion also assumes that new agricultural land would be just as pro-
ductive as existing agricultural land. This is unlikely, since the most 
productive lands are most likely already in use. This means that 
the figure of 8.9 Bha saved is an underestimate. 
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Habitat saved by fossil fuels
Most of the increase in agricultural productivity over the last cen-
tury was enabled through technologies that rely on fossil fuels: 
nitrogen fertilisers, synthetic pesticides and irrigation. Fertiliser 
and pesticide production rely almost entirely on fossil fuels, which 
are used both as feedstocks and to provide energy for the manu-
facturing processes.113 Irrigation, except where it relies on grav-
ity alone, needs energy for transporting and distributing water. 
In addition, two indirect effects of the use of fossil fuels, namely 
carbon dioxide fertilisation and nitrogen deposition, have also 
increased yields.114

Here I will estimate a lower bound for the global increase in 
habitat loss that would occur assuming current food production 
were maintained in the absence of nitrogen fertilisers and carbon 
dioxide fertilisation. The analysis ignores the increased productiv-
ity from the use of synthetic pesticides and irrigation powered 
directly. In addition, it focuses only on wild habitat saved from 
conversion to cropland. In other words, it ignores any habitat 
saved from conversion to pasture.

Currently, agricultural land occupies 37.4% of the global ter-
restrial area, excluding Antarctica.115 A total of 12.2% is devoted to 
cropland, and the remainder to pasture. 

Nitrogen fertilisers: It has been estimated that the Haber-
Bosch process is responsible for 48% of global food pro-
duction; that is, they have increased food production by 
92%.116 

Carbon dioxide fertilisation: The IPCC estimates that dou-
bling pre-industrial atmospheric carbon dioxide levels 
(277 ppm) would increase productivity by 20–25%. As of 
2019, we are about half-way there (409 ppm).117 Assuming 
linearity between increases in yield and carbon dioxide, 
carbon dioxide fertilisation has increased yields by 10–12% 
to date. Note, however, that the assumption of linearity 
underestimates the increase in yield.118 In the following, I 
will assume carbon dioxide fertilisation increased global 
agricultural yield by 10%.

Thus, nitrogen fertilisers and carbon dioxide fertilisation have 
together increased global food production by 111%.119 In other 
words, fossil fuels are responsible for more than half of global 
food production. Without them, food would be scarcer, and prices 
higher (assuming all else, including food demand, stays constant). 
To maintain the food supply, croplands would have to more than 
double, to at least 26% of the world’s land area (ex-Antarctica). 
Adding in pastureland, the human footprint on the planet would 
increase to 51.2% of the world. In other words, fossil fuels have 
saved 13.8% of the non-frozen parts of the world from being con-
verted to agriculture. 

Note also that these calculations assume that the new crop-
land would be as productive as existing cropland, something 





Table 5: Climate and weather: the standard narrative versus reality

Claim per standard narrative Supported by current trends? Section

More hot days and fewer cold days Yes 2

Cyclones/hurricanes more intense or fre-
quent

No 2

Tornadoes increase and become more 
intense 

No 2

Floods more frequent and more intense No 2

Droughts more frequent and intense No 2

Area burned by wildfire increasing No. Area peaked in mid-19th century 3

Cereal yields decrease No. They have tripled since 1961 5

Food supplies per capita decrease No. Increased 31% since 1961 5

Land area and beaches shrinking, coral 
islands submerged

No. Marginal expansion 6
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which, as already noted, is unlikely. Moreover, it ignores the contri-
butions of synthetic pesticides and irrigation. Thus, if habitat loss 
is already the major threat to ecosystems and biodiversity, getting 
rid of fossil fuels would only make a bad situation catastrophically 
worse. 

9. Discussion
I have examined empirical trends in:

• a wide variety of climate- and weather-related phenomena;
• commonly accepted indicators of human and environmental 

wellbeing;

to verify whether, consistent with received wisdom, they are get-
ting worse over time due to higher atmospheric carbon dioxide 
concentrations (and resulting climate change). The results are sum-
marised in Tables 5 and 6, respectively. They indicate that, except 
for the fact that hot days have increased while cold days have 
decreased, none of the trends are consistent with the received 
narrative. Regarding weather and climate phenomena (Table 5):

• cyclones, tornadoes, floods and droughts are not getting any 
worse;

• wildfires are less extensive than they used to be;
• cereal yields and food supplies have increased;
• coastal margins and beaches have not been shrinking.
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Regarding human wellbeing (Table 9.2):

• mortality and economic losses to extreme weather events 
have declined;

• access to clean water has increased;

• death rates from climate- and weather-sensitive vector-borne 
and parasitic diseases have declined.

Most importantly, as carbon dioxide emissions have increased 
since the start of the Industrial Revolution, virtually every measur-
able and significant objective indicator of human wellbeing has 
advanced:

• life expectancy and income levels have improved;

• poverty levels have declined;

• people are living longer and healthier lives;

• the human development index has advanced virtually every-
where.

Nor is there any sign of a recent sustained turnaround in these 
indicators, although there are minor fluctuations from year to year. 
These results reaffirm the findings of several previous studies that 
have found, contrary to prevailing dystopian narratives, that the 
state of humanity has improved since the start of the Industrial 
Revolution, and continues to improve into the present,120 poverty 
is declining and global inequality is improving in terms of incomes 
and critical indicators of human wellbeing: life expectancy, human 
development index, and access to cleaner water.121

Regarding the rest of nature, the Earth is greener and more 
productive. Increased land productivity – a result of the use of fos-
sil fuels – means that the area of land converted to human uses 
peaked in around 2000. Without fossil fuels, cropland would have 
to increase significantly to maintain current food production. Thus 
fossil fuels have reduced habitat loss by at least 14% of the global 
terrestrial area, saving numerous species and ecosystems. This fact 
refutes claims that fossil fuels are detrimental to biodiversity and 
ecosystems.

10. Conclusion
While climate may have changed for the warmer:

• Most extreme weather phenomena have not become more 
extreme, more deadly, or more destructive.

• Empirical evidence directly contradicts claims that increased 
carbon dioxide has reduced human wellbeing. In fact, human 
wellbeing has never been higher. 

• Whatever detrimental effects warming and higher carbon 
dioxide may have had on terrestrial species and ecosystems, 
they have been swamped by the contribution of fossil fuels to 
increased biological productivity. This has halted, and turned 
around, reductions in habitat loss.



Table 6: Human welfare: the standard narrative versus reality

Claimed or implied impact Reality to date Section

Access to water will decline While pressure has gone up with popula-
tion, access to cleaner water is up

2

Mortality from EWEs will increase False. Mortality rate from EWEs has 
declined by 99% since the 1920s

2

More people will die from heat Fewer people are dying from heat. Glob-
ally, about 15 times as many people die 
from cold than heat, so warming should, 
if anything, have reduced mortality

2

Economic losses from EWEs will increase False 2

Death rates from climate-sensitive dis-
eases (e.g. malaria and diarrhea) will 
increase 

False. Global crude death rates have 
declined 96% since 1900 for malaria. Age-
standardised death rates for diarrheal dis-
eases have declined 56% since 1990

4

Hunger will become more prevalent False. Hunger rates have declined in the 
long term despite a 250% population 
increase since 1961

5

GDP per capita will decline False. GDP per capita has quadrupled 
since 1950 even as CO2 have sextupled

7

Poverty will increase False. Global poverty rates have declined 
significantly since 1820 because GDP per 
capita have increased 14-fold

7

Life expectancy will decline False. Global life expectancy has more 
than doubled since the start of industri-
alisation

7

Public health will suffer False. Health-adjusted life expectancy has 
increased with economic development, 
and energy use

7

Human development index (HDI) will 
decline, and quality of life will decline

False. HDI has increased, and more people 
have access to, and use, modern ameni-
ties such as electricity, the Internet and 
mobile phones

7

Inequality will expand Globally inequality has decreased in terms 
of incomes, life expectancies, HDI, as well 
as access to modern-day amenities

7

Biological productivity is under threat The earth is greener and more productive.
Habitat lost to agriculture has peaked due 
to fossil fuel dependent technologies

8
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• To the extent that inequality is deplorable, global inequality 
in terms of income, life expectancy, human development and 
access to modern amenities have declined and continue to 
decline.

• The detrimental effects of carbon dioxide and fossil fuels are 
overwhelmed by other concurrent changes that are benefi-
cial.

• Fossil fuels have allowed the population to increase even as 
the wellbeing of the average person has improved and the 
Earth has become greener and more productive. As a result, 
habitat lost to human uses has been halted, despite popula-
tion increases. These are the very definitions of success for a 
species.

In the future, books on agnotology will devote chapters to how the 
standard narrative on climate change impacts took hold among 
the religious and secular leaders of the 21st century despite copi-
ous evidence to the contrary.

Note
The UK Met Office declined GWPF's offer to publish a counterview as 
an appendix to this paper.



References
1  Intervention by the Holy Father at the meeting ‘Climate Change and New Evidence from Sci-
ence, Engineering, and Policy’, organized by the Pontifical Academy of Sciences (Casina Pio IV, 27 
May 2019), English translation available at http://press.vatican.va/content/salastampa/it/bollet-
tino/pubblico/2019/05/27/0454/00933.html#eng, visited May 28, 2019.
2  Gutteres A. Remarks at High-Level Meeting on Climate and Sustainable Development, 
UN General Assembly, March 29, 2019. Available at https://www.un.org/sg/en/content/sg/
speeches/2019-03-28/remarks-high-level-meeting-climate-and-sustainable-development, visited 
June 12, 2019.
3  UN News (2019). In visit to hurricane-ravaged Bahamas, UN chief calls for greater action to address 
climate change. September 13, 2019. Available at https://news.un.org/en/story/2019/09/1046392. 
4  Phillips, C. (2019). World Economic Forum, May 9, 2019. https://www.weforum.org/
agenda/2019/05/the-vicious-climate-wildfire-cycle, visited September 15, 2019.
5  Erasmus (2017). The Dalai Lama’s planet. The Economist, 12 September 2017. Available https://
www.economist.com/erasmus/2017/09/12/the-dalai-lamas-planet. Visited October 10, 2019. 
6  Deutsche Welle, (2017).
7  Pullano, N. (2019). US Medical Groups Warn Candidates: Climate Change Is a ‘Health Emer-
gency’. June 25, 2019, available at https://insideclimatenews.org/news/24062019/us-health-
groups-declare-climate-change-public-health-emergency-urge-fossil-fuel, visited September 15, 
2019.
8  FAO, IFAD, UNICEF, WFP and WHO. 2018. The State of Food Security and Nutrition in the World 
2018. Building climate resilience for food security and nutrition. Rome, FAO, pp. 38–39.
9  Vatican 2019; see also, e.g., UNFCCC 2019.
10  Trenberth et al., 2019.
11  IPCC, 2018, p. 6.
12  IPCC, 2013, p. 212.
13  IPCC, 2013, pp. 212–13.
14  IPCC, 2013, p. 1401; NOAA-ESRL, 2019.
15  Nova, 2019.
16  Ge et al., 2016.
17  Weinkle et al., 2012.
18  ‘Accumulated cyclone energy, or ‘ACE,’ is used to express the activity and destructive potential 
of individual tropical cyclones and entire tropical cyclone seasons. ACE is calculated as the square 
of the wind speed every 6 hours, and is then scaled by a factor of 10,000 for usability. The ACE 
of a season is the sum of the ACE for each storm and takes into account the number, strength, 
and duration of all the tropical storms in the season’. Weather Underground, https://www.wunder-
ground.com/hurricane/accumulated_cyclone_energy.asp.
19  NOAA-SPC, 2019.
20  Sharma et al., 2018.
21  USGCRP, 2017, Chapter 8.
22  Do et al., 2017.
23  Sharma et al., 2018.
24  USGCRP, 2017, Chapter 8. Citations in original have been omitted.
25  Hodgkins et al., 2017.
26  NOAA 2019.
27  USGCRP, 2018.
28  USGCRP, 2018.
29  IPCC, 2013, p. 7.
30  Damberg and AghaKouchak, 2014.
31  Hao et al., 2014.

https://www.un.org/sg/en/content/sg/speeches/2019-03-28/remarks-high-level-meeting-climate-and-sustainable-development
https://www.un.org/sg/en/content/sg/speeches/2019-03-28/remarks-high-level-meeting-climate-and-sustainable-development
https://news.un.org/en/story/2019/09/1046392
https://www.weforum.org/agenda/2019/05/the-vicious-climate-wildfire-cycle
https://www.weforum.org/agenda/2019/05/the-vicious-climate-wildfire-cycle
https://www.economist.com/erasmus/2017/09/12/the-dalai-lamas-planet
https://www.economist.com/erasmus/2017/09/12/the-dalai-lamas-planet
https://insideclimatenews.org/news/24062019/us-health-groups-declare-climate-change-public-health-emergency-urge-fossil-fuel
https://insideclimatenews.org/news/24062019/us-health-groups-declare-climate-change-public-health-emergency-urge-fossil-fuel


36

32  Barichich et al., 2018.
33  Greve at al., 2014.
34  Cook et al., 2015.
35  Goklany, 2007a.
36  Goklany, 2007a, 2012b.
37  Gasparrini et al. 2015a, Fu et al. 2018.
38  Gasparrini et al., 2015a; Fu et al., 2018.
39  Fu et al., 2018.
40  Gasparrini et al., 2015a.
41  Gasparrini et al. 2015b.
42  Barreca et al., 2016.
43  Lee et al., 2018.
44  Vicedo-Cabrera et al., 2018.
45  Donat et al., 2013.
46  Weinkle et al., 2018.
47  Pielke Jr., 2018.
48  Simmons et al., 2013.
49  Han et al., 2016.
50  IPCC, 2014, pp. 6, 19, 23, 30–32, 251–52.
51  Doerr and Santin, 2016; Arora and Melton, 2018; Hamilton et al., 2018.
52  Hamilton et al. 2018. Citations in original have been removed.
53  Hamilton et al. 2018. Citations in original have been removed.
54  Andela et al., 2017.
55  WHO, 2018.
56  WHO, 2018.
57  WHO, 2018.
58  IHME, 2019.
59  CDC, 2017.
60  USBC, 1941: p. 94.
61  IHME, 2019.
62  Outbreak News Today, 2019.
63  Garcia et al., 2019.
64  Outbreak News Today, 2019.
65  USBC, 1941, p. 94.
66  CDC, 2017.
67  Based on ICD-10 disease codes A00–A09 (intestinal infectious diseases).
68  FAOSTAT, 2019.
69  Erisman et al., 2008.
70  Oerke, 2006.
71  Goklany, 2012a.
72  Nerem et al., 2018.
73  IPCC, 2013, p. 1150.
74  Luijendijk et al., 2018.
75  Donchyts et al., 2016.
76  Duvat, 2018.
77  Kench et al., 2018.
78  Ahmed et al., 2018.
79  See, e.g., Guterres, 2019.
80  Goklany, 2007b.
81 Sources: GDP from OWID (2019) and WDI (2019); population from OWID (2019) and WDI (2019);  
life expectancy from Frier (2001), Maddison (2005) and WDI (2019); carbon emissions per capita 



37

calculated from Boden et al. (2016) and OWID (2019) up to 1989, from 1990 on, PBL (2018); atmo-
spheric CO2 from IPCC (2013, Annex II), NOAA-ESRL (2019).
82  This measure is ‘approximate’ because it may fail as a marker if the growth rate of population 
outstrips that of carbon dioxide emissions.
83  Based on CO2 emissions per capita, the fossil fuel era seems to have commenced during the 
second half of the 18th century, but it started and took hold at different times for different coun-
tries. An examination of CO2 emissions per capita, indicates it started around 1800 for the US, and 
around 1900 for India and China. For the least developed countries (LDCs) and Sub-Saharan Africa 
(SSA), this era seems to have started by the mid-1960s.
84  Lelieveld et al., 2015.
85  WHO, 2018.
86  Travel China Guide, 2019, based on Government of China, 2019, in Chinese; Wikipedia, 2019.
87  Bourguignon and Morrisson, 2002.
88  WHO, 2019.
89  WHO, 2019.
90  Goklany, 2002.
91  UNDP, 2018.
92  Goklany, 2009a; RFI, 2019.
93  Edlund and Machado, 2019.
94  Goklany, 2012a: p. 24.
95  Masri, 2018.
96  Arrhenius, 1908, p. 56.
97  Zhu et al., 2016.
98  Chen et al., 2019. See also their Supplement, Table 2.
99  Song et al., 2018.
100  Gao et al., 2019: p. 9.
101  Cheng et al., 2017.
102  Steinbauer et al., 2018.
103  Fadrique et al., 2018.
104  Lamprecht et al., 2018.
105  Salick et al., 2019.
106  Vie et al., 2009.
107  Goklany, 1998; Phalan et al., 2011.
108  FAO, 2019.
109  2.33 × 1.31 ÷ 1.08.
110  4.5 Bha × 2.33 × 1.3 = 13.7 Bha.
111  FAOSTAT, Land Cover data, 2020.
112  13.7 Bha – 4.8 Bha.
113  Erisman et al., 2008; Oerke, 2006; Ziesemer, 2007; Helsel, 2016.
114  Ciais et al., 2014; IPCC, 2014: p. 293.
115  FAO, 2019.
116  Erisman et al., 2008.
117  NOAA, 2019.
118  Goklany 2015.
119  = (1.92 × 1.10 -1) × 100.
120  Simon et al., 1995; Lomborg, 2001; Goklany, 2001; Ridley, 2012.
121  Goklany, 2002, 2007b.



38

Bibliography
Ahmed, A et al. (2018). Where is the coast? Monitoring coastal land dynamics in Bangladesh: An integrated 
management approach using GIS and remote sensing techniques. Ocean & Coastal Management, 151: 
10–24.

Andela, N et al. (2017). A human-driven decline in global burned area. Science, 356(6345): 1356–1362.

Arora, VK and JR Melton (2018). Reduction in global area burned and wildfire emissions since 1930s enhances 
carbon uptake by land. Nature Communications, 9: 1326.

Arrhenius, S (1908). Worlds in the Making: The Evolution of the Universe, Harper & Bros. The two quotes are 
found on pp. 56 and 63 respectively.

Barichivich, J et al. (2019). Drought. In: Blunden and Arndt (2019).

Barreca, A et al. (2016). Adapting to climate change: The remarkable decline in the US temperature-mortal-
ity relationship over the twentieth century. Journal of Political Economy, 124(1): 105–59.

Blunden, J and DS Arndt (eds) (2019). State of the Climate in 2018. Bulletin of the American Meteorological 
Society, 100(9), Si–S305.

Blunden, J et al. (2019). State of the Climate in 2018. Bulletin of the American Meteorological Society, 99(8): 
S40.

Boden, T et al. (2016). Global CO2 emissions from fossil-fuel burning, cement manufacture, and gas flaring. 
Oak Ridge National Laboratory, Oak Ridge.

Bourguignon, F and C Morrison (2002). Inequality among world citizens: 1820–1992. American Economic 
Review 92(4) (2002): 727–744.

CDC (2017). Compressed Mortality File 1999–2016 on CDC WONDER Online Database, Centers for Disease 
Control and Prevention, National Center for Health Statistics, released June 2017. Data are from the Com-
pressed Mortality File 1999–2016 Series 20 No. 2U, 2016, as compiled from data provided by the 57 vital sta-
tistics jurisdictions through the Vital Statistics Cooperative Program. http://wonder.cdc.gov/cmf-icd10.html.

Chen, C et al. (2019). China and India lead in greening of the world through land-use management. Nature 
Sustainability, 2(2): 122.

Cheng, L et al. (2017). Recent increases in terrestrial carbon uptake at little cost to the water cycle. Nature 
Communications, 8(1): 110.

Ciais, P et al. (2013). Carbon and other biogeochemical cycles. In IPCC (2013, 475–77, Box 6.2, p. 476–77).

Cook, ER et al. (2015). Old World megadroughts and pluvials during the Common Era. Science Advances, 
1(10): e1500561.

Damberg, L and A Aghakouchak (2014). Global trends and patterns of drought from space. Theoretical and 
Applied Climatology. 117(3–4):441–8.

Deutsche Welle (2017). How climate change is increasing forest fires around the world, Deutsche Welle 19 
June 2017, available at https://www.dw.com/en/how-climate-change-is-increasing-forest-fires-around-
the-world/a-19465490, visited September 15, 2019. 

Do, HX et al. (2017). A global-scale investigation of trends in annual maximum streamflow. Journal of Hydrol-
ogy, 552:28–43.

Doerr, SH and C Santín (2016). Global trends in wildfire and its impacts: perceptions versus realities in a 
changing world. Philosophical Transactions of the Royal Society B: Biological Sciences, 371(1696): 20150345.

https://www.dw.com/en/how-climate-change-is-increasing-forest-fires-around-the-world/a-19465490
https://www.dw.com/en/how-climate-change-is-increasing-forest-fires-around-the-world/a-19465490


39

Donat, MG et al. (2013). Updated analyses of temperature and precipitation extreme indices since the begin-
ning of the twentieth century: The HadEX2 dataset. Journal of Geophysical Research: Atmospheres, 118(5): 
2098–118.

Donchyts, G et al. (2016). Earth’s surface water change over the past 30 years. Nature Climate Change, 6(9): 
810.

Dutton, C et al. (2019). Bacterial infection systemically suppresses stomatal density, Plant, Cell & Environ-
ment. DOI: 10.1111/pce.13570. 

Duvat, VK (2019). A global assessment of atoll island planform changes over the past decades. Wiley Interdis-
ciplinary Reviews: Climate Change, 10(1): e557.

Edlund, L and C Machado (2019). It’s the phone, stupid: mobiles and murder. NBER Working Paper w25883.

EM-DAT (2019). EM-DAT: The CRED/OFDA International Disaster Database. Online Database. https://www.
emdat.be/.

Erisman, JW et al. (2008). How a century of ammonia synthesis changed the world. Nature Geoscience, 1(10), 
636–639.

Fadrique, B et al. (2018). Widespread but heterogeneous responses of Andean forests to climate change. 
Nature, 564(7735): 207.

FAO (2014). 2014 seen as record year for world cereal production. http://www.fao.org/news/story/en/
item/271814/icode/.

FAO (2019). On-line database, UN Food and Agricultural Organization, downloaded February 14, 2019.

Forecast world fibre production https://textile-network.com/en/Technical-Textiles/Fasern-Garne/Fore-
cast-world-fibre-production.

Frier, BW (2001). ‘More is worse: some observations on the population of the Roman empire’. In Scheidel, 
Walter. Debating Roman Demography. Brill.

Fu, SH et al. (2018). Mortality attributable to hot and cold ambient temperatures in India: a nationally repre-
sentative case-crossover study. PLoS Medicine, 15(7): e1002619.

Gao, Q et al. (2016). Changes in global grassland productivity during 1982 to 2011 attributable to climatic 
factors. Remote Sensing, 8(5): 384.

García, J et al. (2019). Trends in infant mortality in Venezuela between 1985 and 2016: a systematic analysis 
of demographic data. The Lancet Global Health, 7(3):e331–6. Also see Supplement.

Gasparrini, A et al. (2015a). Mortality risk attributable to high and low ambient temperature: a multicountry 
observational study. The Lancet, 386(9991): 369–75.

Gasparrini, A et al. (2015b). Temporal variation in heat-mortality associations: a multi-country study. Envi-
ronmental Health Perspectives, 123(11): 1200–1207.

Ge, Q et al. (2016). Recent advances on reconstruction of climate and extreme events in China for the past 
2000 years. Journal of Geographical Sciences, 26(7): 827–54.

Goklany IM (1998) Saving habitat and conserving biodiversity on a crowded planet. BioScience 48(11): 941–
53.

Goklany, IM (2001). Economic Growth and the State of Humanity. Political Economy Research Center.

Goklany, IM (2002). The globalization of human wellbeing. Policy Analysis, No. 447 (August 22).

https://www.cato.org/publications/policy-analysis/globalization-human-wellbeing


40

Goklany, IM (2007a). Integrated strategies to reduce vulnerability and advance adaptation, mitigation, and 
sustainable development. Mitigation and Adaptation Strategies for Global Change, 12(5): 755–86.

Goklany, IM (2007b). The Improving State of the World: Why we’re living longer, healthier, more comfortable 
lives on a cleaner planet. Cato Institute.

Goklany, IM (2009a). Have increases in population, affluence and technology worsened human and environ-
mental wellbeing. The Electronic Journal of Sustainable Development, 1(3): 15.

Goklany, IM (2009b). Deaths and death rates from EWE: 1900–2008. Journal of American Physicians and Sur-
geons, 14(4): 102–109.

Goklany, IM (2012a). Humanity unbound: how fossil fuels saved humanity from nature and nature from 
humanity. Policy Analysis, 715.

Goklany, IM (2015). Carbon dioxide: The good news. Report 18, The Global Warming Policy Foundation.

Greve, P et al. (2014). Global assessment of trends in wetting and drying over land. Nature Geoscience, 7(10): 
716.

Haines, MR (2006). Expectation of life at birth, by sex and race: 1850–1998. Table Ab644–655. In: Carter, 
SB et al. (eds), Historical Statistics of the United States, Volume One: Population. Cambridge University Press. 
1960–2016.

Hamilton, DS et al. (2018). Reassessment of pre-industrial fire emissions strongly affects anthropogenic 
aerosol forcing. Nature Communications. 9(1): 3182.

Han, W. et al. (2016). Major natural disasters in China, 1985–2014: occurrence and damages. International 
Journal of Environmental Research and Public Health, 13(11): 1118.

Helsel, ZR (2016). Energy Use and Efficiency in Pest Control, Including Pesticide Production, Use, and Manage-
ment Options, eXtension Farm Energy. http://articles.extension.org/pages/62513/energy-use-and-efficien-
cy-in-pest-control-including-pesticide-production-use-and-management-options, visited April 1, 2019.

Hinson, S (2019). NOAA. Personal communication.

Hodgkins, GA et al. (2017). Climate-driven variability in the occurrence of major floods across North America 
and Europe. Journal of Hydrology, 552: 704–717.

IHME (2019). Global Burden of Disease 2017 (GBD) Results Tool. Institute for Health Metrics and Evaluation. 
Available at http://ghdx.healthdata.org/gbd-results-tool.

IPCC (2013). Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press. Annex II, 
p. 1401.

IPCC (2014).  Field CB, editor. Climate change 2014–Impacts, adaptation and vulnerability: Regional aspects. 
Cambridge University Press.

IPCC (2018). Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts 
of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in 
the context of strengthening the global response to the threat of climate change, sustainable development, and 
efforts to eradicate poverty. Intergovernmental Panel on Climate Change, World Meteorological Organiza-
tion.

Kench, PS et al. (2018). Patterns of island change and persistence offer alternate adaptation pathways for 
atoll nations. Nature Communications, 9(1): 605.

Klotzbach, PJ et al. (2018). Continental US hurricane landfall frequency and associated damage: Observa-
tions and future risks. Bulletin of the American Meteorological Society, 99(7): 1359–76.



41

Lamprecht, A et al. (2018). Climate change leads to accelerated transformation of high‐elevation vegetation 
in the central Alps. New Phytologist, 220(2): 447–59.

Lee, W et al. (2018). Temporal changes in mortality impacts of heat wave and cold spell in Korea and Japan. 
Environment International, 116: 136–46.

Lelieveld, J et al. (2015). The contribution of outdoor air pollution sources to premature mortality on a global 
scale. Nature, 525(7569): 367.

Lomborg, B (2001). The Skeptical Environmentalist: Measuring the real state of the world. Cambridge Univer-
sity Press.

Luijendijk, A et al. (2018). The state of the world’s beaches. Scientific Reports, 8(1): 6641.

Maddison, A (2005). Growth and Interaction in the World Economy. The Roots of Modernity. American Enter-
prise Institute.

Masri, S (2018). Droughts and wildfires destroying the West don’t have to be the ‘new normal’. The Los Ange-
les Times, July 13. https://thehill.com/opinion/energy-environment/396833-droughts-and-wildfires-de-
stroying-the-west-dont-have-to-be-the-new.

Maue, R (2011). Recent historically low global tropical cyclone activity’. Geophysical Research Letters, 38(14). 
Updated Figures available at https://policlimate.com/tropical/.

Medhaug, I et al. (2017). Reconciling controversies about the ‘global warming hiatus’. Nature, 545(7652): 
41–47.

Nerem, RS et al. (2018). Climate-change–driven accelerated sea-level rise detected in the altimeter era. Pro-
ceedings of the National Academy of Sciences, 115(9): 2022–5.

NOAA (2019). National Centers for Environmental Information. Climate at a Glance: National Time Series. 
National Oceanic and Atmospheric Administration, published April 2019, retrieved on April 16, 2019 from 
https://www.ncdc.noaa.gov/cag/.

NOAA-ESRL (2019). Annual mean CO2 data – Mauna Loa. NOAA-Earth Systems Research Laboratory. https://
www.esrl.noaa.gov/gmd/ccgg/trends/data.html, visited May 13, 2019

NOAA-SPC (2019). The Enhanced Fujita Scale. National Oceanic and Atmospheric Administration, Storm 
Prediction Center. https://www.spc.noaa.gov/efscale/, visited April 24, 2019.

Nova, J (2019). Forgotten history: 50 degrees everywhere, right across Australia in the 1800s, available at 
http://joannenova.com.au/2019/01/forgotten-history-50-degrees-everywhere-right-across-australia-in-
the-1800s/, visited April 25, 2019.

Oerke, EC (2006). Crop losses to pests. The Journal of Agricultural Science, 144(1): 31–43.

ONT (2019). Press Release, Venezuela: ‘The continued upsurge of malaria in Venezuela is becoming uncon-
trollable’, Outbreak News Today, 16 April 2019, http://outbreaknewstoday.com/venezuela-continued-up-
surge-malaria-venezuela-becoming-uncontrollable-84353/

OWID (2019). Our World in Data. On-line database at https://ourworldindata.org/.

PBL (2018). Trends in global CO2 and total greenhouse gas emissions; 2018 report. December 2018, PBL 
report 3125.

Phalan, B et al. (2011). Reconciling food production and biodiversity conservation: land sharing and land 
sparing compared. Science, 333(6047): 1289–91.

Pielke Jr, R (2018). Pielke on climate. https://theclimatefix.wordpress.com/2018/08/09/pielke-on-cli-
mate-13/. Updated data from: Pielke, Roger. The Climate Fix: What Scientists and Politicians won’t tell you 

https://thehill.com/opinion/energy-environment/396833-droughts-and-wildfires-destroying-the-west-dont-have-to-be-the-new
https://thehill.com/opinion/energy-environment/396833-droughts-and-wildfires-destroying-the-west-dont-have-to-be-the-new
https://policlimate.com/tropical/
https://www.esrl.noaa.gov/gmd/ccgg/trends/data.html
https://www.esrl.noaa.gov/gmd/ccgg/trends/data.html
https://ourworldindata.org/


42

about Global Warming. New York: Basic Books, 2010.

RFI (2019). Early warning systems helped India, Bangladesh minimise Cyclone Fani death toll, May 5, 2019. 
http://en.rfi.fr/asia-pacific/20190505-early-warning-systems-preparedness-helped-india-bangladesh-mini-
mize-deaths, visited May 30, 2019. 

Remote Sensing Systems (2018). http://www.remss.com/research/climate/, visited June 26 2018.

Riahi, K et al. (2011). RCP 8.5–A scenario of comparatively high greenhouse gas emissions. Climatic Change, 
109(1–2): 33.

Ridley, M (2012). The Rational Optimist: How Prosperity Evolves. Brock Education: A Journal of Educational 
Research and Practice 21, no. 2 (2012).

Salick, J et al. (2019). Rapid changes in eastern Himalayan alpine flora with climate change. American Journal 
of Botany. 106(4): 520–30.

Sharma, A et al. (2018). If precipitation extremes are increasing, why aren’t floods?. Water Resources Research, 
54(11): 8545–51.

Simmons, KM et al. (2013). Normalized tornado damage in the United States: 1950–2011. Environmental 
Hazards, 12(2): 132–47.

Simon, JL et al. (eds). The State of Humanity. Blackwell, 1995.

Song, X-P et al. (2018). Global land change from 1982 to 2016. Nature, 560(7720): 639.

Steinbauer, MJ et al. (2018). Accelerated increase in plant species richness on mountain summits is linked to 
warming. Nature, 556(7700): 231.

Travel China Guide (2016). Available at https://www.travelchinaguide.com/climate/air-pollution.htm. Vis-
ited October 13, 2019. Based on Technical Regulation on Ambient Air Quality Index (on trial). Ministry of Envi-
ronmental Protection of the People’s Republic of China (in Chinese).

Trenberth, K. et al. (eds) (2019). The Climate Data Guide: Atlantic Multi-decadal Oscillation (AMO). Retrieved 
from https://climatedataguide.ucar.edu/climate-data/atlantic-multi-decadal-oscillation-amo.

UNDP (2018). Human Development Indices and Indicators 2018 Statistical Update. UN Development Pro-
gramme. http://hdr.undp.org/sites/default/files/2018_human_development_statistical_update.pdf, vis-
ited May 12, 2019.

United Nations, Department of Economic and Social Affairs, Population Division (2019). World Population 
Prospects 2019: Highlights (ST/ESA/SER.A/423).

USBC (1941). Statistical Abstract of the United States: 1941, p. 94. US Bureau of the Census. Available at 
https://www2.census.gov/library/publications/1942/compendia/statab/63ed/1941–02.pdf?#.

USGCRP (2017). Wuebbles, DJ et al. (eds.) Climate Science Special Report: Fourth National Climate Assess-
ment, Volume I. US Global Change Research Program, Washington, DC, USA, Chapter 8. https://science2017.
globalchange.gov/chapter/8/.

US National Interagency Fire Center (2018), https://www.nifc.gov/fireInfo/fireInfo_statistics.html. 

Vatican Press Bulletin (2019). Messaggio del Santo Padre Francesco per la Celebrazione della V Giornata 
Mondiale di Preghiera per la cura del creato, 01.09.2019. http://press.vatican.va/content/salastampa/it/bol-
lettino/pubblico/2019/09/01/0647/01341.html#EN,visited September 2, 2019.

Vicedo-Cabrera, AM et al. (2018). A multi-country analysis on potential adaptive mechanisms to cold and 
heat in a changing climate. Environment International, 111: 239–46.

https://www.travelchinaguide.com/climate/air-pollution.htm
https://science2017.globalchange.gov/chapter/8/
https://science2017.globalchange.gov/chapter/8/
https://www.nifc.gov/fireInfo/fireInfo_statistics.html


43

Vié, J-C et al. (eds) (2009). Wildlife in a changing world: an analysis of the 2008 IUCN Red List of threatened 
species. International Union for Conservation of Nature.

WDI (2019). World Development Indicators. World Bank Databank. https://databank.worldbank.org/reports.
aspx?source=world-development-indicators#.

Weinkle, J et al. (2012). Historical global tropical cyclone landfalls. Journal of Climate, 25(13): 4729–35. 

Weinkle, J et al. (2018). Normalized hurricane damage in the continental United States 1900–2017. Nature 
Sustainability, 1(12): 808.

WHO (2016). Global Health Estimates 2015: Deaths by Cause, Age, Sex, by Country and by Region, 2000–
2015. Geneva, World Health Organization.

WHO (2018). Global Health Estimates 2016: Deaths by Cause, Age, Sex, by Country and by Region, 2000–
2016. Geneva, World Health Organization; 2018. http://www.who.int/healthinfo/global_burden_disease/
en/.

WHO (2019). HALE by country: http://apps.who.int/gho/data/node.main.HALE?lang=en; HALE by region: 
http://apps.who.int/gho/data/view.main.HALEXREGv?lang=en.

WHO (2019). Life expectancy and HALE by country, http://apps.who.int/gho/data/view.main.SDG2016LEX-
v?lang=en.

WHR (1999). World Health Report. World Health Organization.

Wikipedia (2019). List of cities in China by life expectancy. Available https://en.wikipedia.org/wiki/List_of_
cities_in_China_by_life_expectancy. Visited October 13, 2019. Based on Chinese governmental sources (in 
Chinese).

Zhu, Z et al. (2016). Greening of the Earth and its drivers. Nature Climate Change 6(8): 791.

Ziesemer, J (2007). Energy use in organic food systems. Natural Resources Management and Environment 
Department Food and Agriculture Organization of the United Nations, Rome.

http://apps.who.int/gho/data/view.main.HALEXREGv?lang=en
https://en.wikipedia.org/wiki/List_of_cities_in_China_by_life_expectancy
https://en.wikipedia.org/wiki/List_of_cities_in_China_by_life_expectancy


About the Global Warming Policy Foundation
The Global Warming Policy Foundation is an all-party and non-party think tank and a registered 
educational charity which, while openminded on the contested science of global warming, is 
deeply concerned about the costs and other implications of many of the policies currently being 
advocated.

Our main focus is to analyse global warming policies and their economic and other implica-
tions. Our aim is to provide the most robust and reliable economic analysis and advice. Above all 
we seek to inform the media, politicians and the public, in a newsworthy way, on the subject in 
general and on the misinformation to which they are all too frequently being subjected at the 
present time.

The key to the success of the GWPF is the trust and credibility that we have earned in the 
eyes of a growing number of policy makers, journalists and the interested public. The GWPF is 
funded overwhelmingly by voluntary donations from a number of private individuals and 
charitable trusts. In order to make clear its complete independence, it does not accept gifts 
from either energy companies or anyone with a significant interest in an energy company. 

Views expressed in the publications of the Global Warming Policy Foundation are those of 
the authors, not those of the GWPF, its trustees, its Academic Advisory Council members or 
its directors.



Terence Mordaunt (Chairman)
Dr Jerome Booth
Chris Gibson-Smith
Kathy Gyngell
Professor Michael Kelly

Dr Ruth Lea
Lord Moore
Baroness Nicholson
Graham Stringer MP
Professor Fritz Vahrenholt

Professor Christopher Essex (Chairman)
Sir Ian Byatt
Dr John Constable
Professor Vincent Courtillot
Christian Gerondeau
Professor Larry Gould
Professor Ole Humlum
Professor Gautam Kalghatgi
Professor Terence Kealey
Bill Kininmonth
Brian Leyland
Professor Richard Lindzen
Professor Ross McKitrick

Professor Robert Mendelsohn
Professor Garth Paltridge
Professor Ian Plimer
Professor Gwythian Prins
Professor Paul Reiter
Professor Peter Ridd
Dr Matt Ridley
Sir Alan Rudge
Professor Nir Shaviv
Professor Henrik Svensmark
Professor Anastasios Tsonis
Dr David Whitehouse

THE GLOBAL WARMING POLICY FOUNDATION
Director Honorary President
Benny Peiser Lord Lawson

BOARD OF TRUSTEES

ACADEMIC ADVISORY COUNCIL



RECENT GWPF REPORTS
11 Khandekar The Global Warming-Extreme Weather Link
12 Lewis and Crok Oversensitive
13 Lewis and Crok A Sensitive Matter
14 Montford, Shade Climate Control: Brainwashing in Schools
15 De Lange, Carter Sea-level Change: Living with Uncertainty
16 Montford Unintended Consequences of Climate Change Policy
17 Lewin Hubert Lamb and the Transformation of Climate Science
18 Goklany Carbon Dioxide: The Good News
19 Adams The Truth About China
20 Laframboise Peer Review: Why Scepticism is Essential
21 Constable Energy Intensive Users: Climate Policy Casualties
22 Lilley £300 Billion: The Cost of the Climate Change Act
23 Humlum The State of the Climate in 2016
24 Curry et al. Assumptions, Policy Implications and the Scientific Method
25 Hughes The Bottomless Pit: The Economics of CCS
26 Tsonis The Little Boy: El Niño and Natural Climate Change
27 Darwall The Anti-development Bank
28 Booker Global Warming: A Case Study in Groupthink
29 Crockford The State of the Polar Bear Report 2017
30 Humlum State of the Climate 2017
31 Darwall The Climate Change Act at Ten
32 Crockford The State of the Polar Bear Report 2018
33 Svensmark Force Majeure: The Sun's Role in Climate Change
34 Humlum State of the Climate 2018
35 Peiser (ed) The Impact of Wind Energy on Wildlife and the Environment
36 Montford Green Killing Machines
37 Livermore Burnt Offering: The Biomess of Biomass
38 Kelly Decarbonising Housing: The Net Zero Fantasy
39 Crockford The State of the Polar Bear Report 2019
40 Darwall The Climate Noose: Business, Net Zero and the IPCC's Anticapitalism
41 Goklany The Lancet Countdown on Climate Change: The Need for Context
42 Humlum The State of the Climate 2019
43 Alexander Weather Extremes: Are they caused by Global Warming?
44 Constable Hydrogen: The Once and Future Fuel?
45 Kessides The Decline and Fall of Eskom: A South African Tragedy
46 Goklany Impacts of Climate Change: Perception and Reality

The GWPF is a registered charity, number 1131448.

For further information about the Global Warming Policy 
Foundation, please visit our website at www.thegwpf.org.


