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Executive summary

Between 1990 and 2017, the cumulative age-
standardised death rate (ASDRs) from climate-
sensitive diseases and events (CSDEs) dropped
from 8.1% of the all-cause ASDR to 5.5%, while
the age-standardised burden of disease, meas-
ured by disability-adjusted life years lost (DALYs)
declined from 12.0% to 8.0% of all-cause age-
standardised DALYs. Thus the burdens of death
and disease from CSDEs are small, and getting
smaller.

But readers of the 2019 report of the Lan-
cet Countdown (hereafter ‘the Countdown'), a
partnership of 35 academic institutions and UN
agencies, established by the prestigious Lancet
group of medical journals and supported by the
equally-esteemed Wellcome Trust to track pro-
gress on the health impacts of climate change,
may well be left with the opposite impression,
particularly if they do not delve beyond the
Executive Summary, the section most likely to
be read by busy policymakers or their advisors.
Not once does it mention that cumulative an-
nual rates of death and disease from CSDEs are
declining, and declining faster than the corre-
sponding all-cause rates. The Countdown also
fails to provide adequate context for the reader
to judge the burdens of mortality or disease
posed by CSDEs, individually or cumulatively,
relative to other public-health threats. In fact, it
even suggests that the health effects of climate
change are‘worsening’ But the data do not sup-
port that claim. Moreover, an analysis of the text
makes it clear that the Countdown conflates es-
timates of increasing exposure, ‘demographic
vulnerability;, and increased ‘suitability’ of dis-
ease transmission with actual health effects.

In addition to overlooking the diminishing
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overall significance of CSDEs for public health,
the Countdown chooses to focus instead on
CSDEs that have, contrary to the general trend,
become more prevalent. As a case in point, den-
gue, a mosquito-borne tropical disease, was re-
sponsible for 40,000 deaths in 2017. This seems
a lot, but it represents only 1.4% of the cumula-
tive 2.8 million deaths from CSDEs or 0.07% of
the 55.9 million people who died globally from
all causes that year. Yet dengue gets more at-
tention in the Countdown than malaria, another
mosquito-borne tropical disease, which was
responsible for fifteen times as many (620,000)
deaths.

Because of its failure to provide context, the
Countdown fails to give the reader or policymak-
ers a balanced account of public-health threats
and, therefore, risks distorting public health pri-
orities. Without proper context, a molehill may
well be mistaken for a mountain. Context is thus
essential to help policymakers keep perspective
and focus on larger and more important public-
health problems.

Regarding context, much of this critique
examines trends since 1990. This is because the
data from the Institute for Health Metrics and
Evaluation, on which the Countdown primar-
ily relies, commences in that year. However,
the declines in death and disease rates from
CSDEs since 1990 are only a small proportion
of longer-term declines across the globe. In the
USA, one of the few places with good long-term
data, death rates from dysentery, typhoid, para-
typhoid, other gastrointestinal diseases, and
malaria — all water-related diseases and there-
fore, almost by definition, climate-sensitive —
declined 99-100% between 1900 and 1970.
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The problems caused by the Countdown'’s
omission of context are exacerbated by its per-
sistent use of supposed proxies and surrogates
for health impacts, which they argue should in-
crease the prevalence of various CSDEs. Howev-
er, the Countdown used these ‘proxies’ without
verifying whether they really are proxies; in oth-
er words, that they exhibit reproduce historical
trends for mortality and morbidity. For example,
the Countdown claims that the number of —and
exposure and vulnerability to — heatwaves and
other extreme weather events (EWEs) is increas-
ing. However, long-term data show that death
rates from all EWEs - extreme temperatures,
droughts, floods, landslides, wildfires, storms,
fog — have declined by 98.9% since the 1920s.
So increased risk and/or vulnerability, even
if accurately determined, do not necessarily
translate into higher rates of death and disease.

The Countdown'’s attempt to show that food
security is threatened by higher temperatures is
similarly problematic. Its claims are based on a
construct called ‘global crop growth duration,
which is used as a ‘proxy’ for crop yield. For the
five crops considered, the Countdown estimates
that crop growth duration has been trending
downwards for the past several decades. Actual
data show that yields have been increasing over
the same period, so crop growth duration is not
a proxy for yield. Unfortunately, the Countdown
does not yield to reality on this score.

The Countdown also claims that ‘malaria
suitability continues to increase in highland ar-
eas of Africa, with the 2012-17 average 29.9%
above [a 1950s] baseline’ Nevertheless, not-
withstanding any increase in the Countdown'’s
estimated ‘malaria suitability, ASDR for malaria
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in all portions of sub-Saharan Africa (SSA) has
declined between 30% and 67% over the pe-
riod 1990-2017. Notably, the largest decline
in ASDR for malaria (67%) was for eastern SSA
(which includes the East African Highlands).
This decline exceeded that for the all-cause
ASDR for that area (which was 42%) over that
period. Notwithstanding the Countdown’s esti-
mated increase in ‘malaria suitability, malaria is
a diminishing problem compared to other pub-
lic-health issues in that area.

The Countdown also suggests that we are
at increasing risk from other climate-sensitive
phenomena, such as wildfires and Vibrio, a bac-
teria that may cause gastrointestinal infections.
However, globally, the area burnt by wildfires
and the mortality burden from diarrheal diseas-
es have both declined substantially.

Finally, the Countdown also claims that la-
bour productivity has decreased due to high-
er temperatures, but value added per worker
has actually increased, and incomes, perhaps
the best measure of labour productivity, have
grown virtually everywhere in real terms.

All thisindicates that, contrary to the Count-
down'’s claim that the world may be ‘struggling
to cope with warming that is occurring faster
than governments are able or willing to re-
spond;, mankind is actually reducing most CSDE
risks more, and coping with them better, than
with some other, larger health threats. (And as
the current pandemic demonstrates, some of
those health threats are considerably bigger,
more certain, and much closer at hand.)

While CSDEs are major public health prob-
lems, their significance is diminishing.
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1. Introduction

Overlooking context seems to be a hallmark of cli-
mate science. In this paper on the Lancet Countdown’s
2019 report on the health impacts of climate change,
| provide missing context regarding the burden of
death from various climate-sensitive diseases and
events (CSDEs), individually and cumulatively, relative
to the overall burden from all causes. | also examine
trends in these burdens.

This paper for the most part examines trends
since 1990. This is because the data on which the
Countdown primarily relies, and which provides read-
ily accessible age-standardised rates of death and dis-
ease, commences in that year.! The improvements in
public health since the 1990s are, however, just the
latest chapter in a longer story that starts in the 18th
century, if not earlier. As reflected in life-expectancy
data, death rates began to decline slowly, but un-
steadily, in the now-developed countries of Western
Europe and North America in the mid- to late-18th
century. By the mid- to late-19th century these de-
clines had become steadier, and despite occasional
setbacks (due to wars and, notably, the Spanish flu),
long-term improvements set in. By the latter half of
the 20th century, these improvements had diffused
across the now-developing world.

Much of this long-term decline in death rates was
due to reductions in undernutrition, and water-, vec-
tor- and food-borne diseases, most of which are infec-
tious; generally, they are also sensitive to climate and
meteorological factors. The reductions were driven by
a wide variety of causes, including:?

« increased food supplies and better nutrition

« the spread of immunisation

- greater knowledge of the germ theory of dis-
ease

- wider adoption of practices such as sanitation,
hygiene, water filtration, chlorination, pasteurisa-
tion of milk, and medical interventions (e.g. sulfa
drugs and antibiotics).

The combination of these factors caused US
death rates from dysentery, typhoid, paratyphoid,
other gastrointestinal disease, and malaria - all water-
related diseases, and which are therefore, almost by
definition, climate-sensitive - to decline by 99-100%
between 1900 and 1970.2 Thus the overall reductions
in the rates of death and disease since 1990 for CSDEs
documented in this critique are probably a fraction of
the overall improvement.
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2. Climate-related death and dis-
ease: the need for context

The closest the Countdown comes to providing context
regarding the relative magnitude of the public health
problem posed by CSDEs is in its Figure 5, reproduced
here as Figure 1. This figure, which occupies half a page,
is buried about a quarter of the way into the paper. It con-
sists of seven panels, which show global trends from 1990
to 2017 in mortality rates from all causes and each of six
CSDEs - dengue, diarrheal diseases, forces of nature (FON),
heat and cold (H&C) exposure, malaria, and undernutri-
tion - for six regions of the world. Altogether there are 42
data series graphed. The y-axis for each panel represents
the global mortality rate per 100,000 population. But the
y-axis scale is different for each of the panels. It extends
from 600 to 1400 for all causes, 0 to 2 for dengue, 0 to
150 for diarrheal diseases, 0 to 10 for FoN, 0 to 10 for H&C
exposure, 0 to 150 for malaria, and 0 to 40 for undernutri-
tion. So only a dedicated and studious reader would, first-
ly, come across it and, secondly, recognise that dengue,
for instance, is only about 0.07% of the all-causes total, or
only one-fifteenth as deadly as malaria. In such circum-
stances, a picture may well be worth less than the prover-
bial thousand words; the Countdown’s Figure 5 may be
more obfuscatory than illuminative. Also, note that it does
not attempt to put cumulative mortality burden from all
CSDEs into the context of overall mortality burden orin a
longer temporal context. To my mode of thinking, these
are extraordinary oversights.

Figure 2 is based on data from the Global Burden of
Disease 2017 study from the Institute for Health Metrics
and Evaluation (IHME), the source used by the Countdown.
It shows the trends between 1990 and 2017 in the crude
global death rate from CSDEs and from other causes un-
related to climate. The cumulative crude death rate from
the seven CSDEs shrank from 9.8% of the total (all-cause)
burdenin 1990 to 5.1%in 2017.In other words, the cumu-
lative mortality burden of CSDEs is small relative to the
all-cause burden, and getting smaller. This observation
would surprise many, if not most, readers of the Count-
down.

There are seven categories of CSDE underlying the
total shown in Figure 2. These account for climate-sen-
sitive diseases much more comprehensively than the
Countdown'’s Figure 5, as shown by a detailed analysis of
each category:

«  Enteric infections. Figure 2 accounts for more cli-
mate-sensitive diseases than the Countdown. The lat-
ter only considers diarrheal diseases in this category,
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Figure 1: The Lancet Countdown's Figure 5.

Original caption: Global trends in all-cause mortality and mortality from selected causes as estimated by the
Global Burden of Disease 2017 study for the 1990-2017 period, by WHO region.

1000
. Non-climate-related

. Climate-related

800

600

400

200

1990 1995 2000 2005 2010 2015

Figure 2: Climate-related deaths are a small proportion of all-cause
fatalities.
Data per IHME (2019).



which in 2017 were responsible for 89% of deaths from
enteric infections.* The remaining 11% are from typhoid,
paratyphoid, and invasive non-typhoidal Salmonella,
each of which is potentially sensitive to temperature,
rainfall and the nutritional status of the population (in
other words, they are sensitive to climate and weather).
For context, those 11% of deaths from enteric infections
exceed the combined deaths from the last three catego-
ries listed below — exposure to H&C, FoN, and malignant
melanoma.

« Tropical diseases:® In 2017, 86% of deaths in this cat-
egory were from malaria and 5.6% from dengue. The
Countdown examines only deaths from malaria and den-
gue in its Figure 5. Thus, it excludes about 8% of annual
deaths from this category. The 8% includes (in decreas-
ing order) deaths from schistosomiasis, Chagas disease,
Leishmaniasis, and yellow fever.”

+  Protein-energy malnutrition (undernutrition): This cat-
egory is identical to that used by the Countdown.

«  Encephalitis: This category is not included in the
Countdown'’s Figure 5, nor is it mentioned elsewhere in
the Countdown.

«  Exposure to heat and cold: This is the same as in the
Countdown’s Figure 5.

«  Exposure to forces of nature: This category includes
weather and climate, but the Countdown excludes
deaths from geophysical events from this category, as
do Figures 2 and 3 in this paper. However, Figures 6 and
7 do not, because the age distribution used in IHME’s
age-standardisation was not readily available. However,
any error introduced due to this simplification should be
minor because of the relatively small number of deaths
from geophysical events. From 1990-2017, on average
there were fewer than 30,000 annual deaths from geo-
physical causes, or about 1% of the 2.8 million deaths
from all CSDEs in 2017.8

«  Malignant melanoma: This category is the same as in
Countdown'’s Figure 5.

Figure 3 is a redrawing of Figure 2, but showing only the
CSDEs, so that one can better see their individual trends
and relative contributions. It shows that the contribution
to the crude death rate from FoN and H&C (which together
include all extreme weather events) is minor, amounting to
about 2.1% of all CSDE deaths in 2017. It also shows that
the cumulative crude death rate for CSDEs declined by 56%
between 1990 and 2017. The four largest contributors to
CSDEs - enteric infections, tropical diseases, undernutrition,
encephalitis - all declined. These four categories (excluding
dengue) represent 94.4% of cumulative deaths from CSDEs
in 2017. But because of the Countdown’s emphasis on den-
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Figure 3: Burden of mortal-
ity from CSDEs, 1990-2017.

The FoN group excludes deaths
from geophysical causes per EM-
DAT (2019). Data per IHME (2019).
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Figure4: The Lancet Count-
down's Indicator 1.3.
Source: p. 1845.
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gue, which has apparently become more prevalent in the interim
(along with certain forms of Vibrio), many a reader may get the
impression that mortality and morbidity from CSDEs are increas-
ing. Dengue gets more than twice as many mentions as malaria
in the full text of the Countdown, including two in the Executive
Summary (versus none for malaria), despite accounting for only
one-fifteenth as many deaths in 2017. Moreover, some mentions
of malaria include claims that climate is becoming more suitable
for it,° which may mislead a reader into thinking that malaria may
be increasing (more on this below).

Figure 4, a screenshot from the Countdown, illustrates how
the lack of context may mislead a reader.

Indicator 1.3: global health trends in climate-sensitive
diseases

Headline finding: although mortality due to diarrhoeal diseases,
malnutrition, and malaria is improving, mortality due to dengue
is rising in the regions most affected by these diseases

Specifically, the Countdown text fails to mention that in 2017
there were 2.42 million deaths from diarrheal diseases, undernu-
trition and malaria, and only 40,000 from dengue. Absent such
context, a reader may fail to appreciate that positive trends far
outweigh negative ones. Another way it creates a false impression
that CSDEs are increasing is by emphasising factors that may ex-
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Figure 5: The Lancet Count-
down's Indicator 1.4.
Source: p. 1845.

Figure 6: Age-standardised
death rates, 1990 and 2017.

(a) CSDEs versus other causes (b)
CSDEs by type. The ASDRs for the
FoN category includes deaths
from geophysical causes. Hence,
for that category, they are over-
estimates but, as noted above,
the contribution of geophysical
events to deaths in 1990 and 2017
is relatively minor. Source: IHME
(2019).

acerbate diseases — increasing exposure or suitability for disease
transmission, for example. However, in the real world, these do not
necessarily translate into increased mortality or morbidity, assum-
ing exposure calculations are accurate.

For example, consider the remarks in Figure 5, another ex-
cerpt from the Countdown report."

Indicator 1.4: climate-sensitive infectious diseases
Indicator 1.4.1: climate suitability for infectious disease
transmission—headline finding: suitability for disease
transmission has increased for dengue, malaria, V cholerae and
other pathogenic Vibrio species. The number of suitable days per
year in the Baltic for pathogenic Vibrio transmission reached
107 in 2018, the highest since records began, and two times
higher than the early 1980s baseline

Yet, as shown in Figure 3, crude death rates for enteric infections
(which include diarrheal diseases such as cholera and other Vibrio-
caused diseases), and tropical diseases (which include malaria)
have declined substantially. And as we will see below, age-stand-
ardised death rates (ASDRs) from diarrheal diseases and malaria
have also declined.

The trends in crude death rates in Figures 2 and 3 do not ac-
count for the changing age distribution over time, so they may un-
derestimate the improvement in health status. Figure 6 therefore
shows the equivalent ASDRs.

Figure 6a reaffirms the finding that death rates from CSDEs
are small relative to the total rate from all causes, and are becom-
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Figure 7: Age-standardised
burden of disease, 1990
and 2017.

Disability adjusted life years lost,
(DALYs) per 10 million. (a) CSDEs
versus other causes (b) CSDEs by
type. Several of the CSDE types
have DALYs close to zero, particu-
larly for 2017, and are not shown.
Source: IHME (2019).

ing smaller. Between 1990 and 2017 the ASDR from all CSDEs
declined by 54%, while the all-cause ASDR reduced by 32%. As
shown in Figure 6b, the ASDRs for enteric infections and tropical
disease have declined by 55% and 48%, respectively.”> Notably,
the ASDR for malaria (not shown in the figure) declined by 24%
over this period. Therefore, despite the Countdown'’s claim that ‘cli-
mate suitability for disease transmission’ for malaria has increased
(see Figure 5), actual ASDR from malaria has declined.

Figure 7 provides a similar breakdown of the age-standard-

ised rate for the burden of disease. It shows that:

« Climate-sensitive diseases now contribute a smaller por-
tion of the all-cause disease burden than they used to. This
remarkable decline is neither noted in the text of the Count-
down's Executive Summary nor discussed under ‘Indicator 1.5:
Global health trends in climate-sensitive diseases’ or ‘Indicator
1.6: Climate-sensitive infectious diseases! However, those por-
tions of the Countdown noted that mortality from dengue and
malignant melanoma — minor contributors to the cumulative
disease burden from CSDEs - increased.

« Contrary to claims in the Countdown's Executive Summary
that the world may be ‘struggling to cope with warming that
is occurring faster than governments are able, or willing to
respond;' the world is not only coping with most of the in-
creasing risks of CSDEs, it is actually reducing most such risks,
and is coping with CSDEs better than it is with other, larger
health threats.

Figure 7 also shows that the most consequential climate-

sensitive diseases and events in terms of public health are enteric
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infections, tropical diseases, and undernutrition, in that order. The
burdens of death and disease from encephalitis, exposure to heat
and cold, forces of nature, and malignant melanoma are essen-
tially within the noise level of deaths from all causes or cumula-
tive CSDEs. This is remarkable given the coverage hot and cold
extremes and deaths from forces of nature get in the media and
the Countdown. Together, these two factors contributed just 2% of
CSDE deaths in 2017, themselves only 6% of all-cause deaths.

Note that, given the very similar declining patterns for the
burdens of death and disease, in the rest of this report only the
burden of death is shown in the figures.

3. Claimsregarding health impacts in the
Executive Summary
According to the Countdown'’s Executive Summary:

A child born today will experience a world that is more than four
degrees warmer than the pre-industrial average, with climate
change impacting human health from infancy and adolescence
to adulthood and old age. Across the world, children are among
the worst affected by climate change. Downward trends in glob-
al yield potential for all major crops tracked since 1960 threaten
food production and food security, with infants often the worst
affected by the potentially permanent effects of undernutrition
(indicator 1.5.1). Children are among the most susceptible to di-
arrhoeal disease and experience the most severe effects of den-
gue fever. Trends in climate suitability for disease transmission
are particularly concerning, with nine of the ten most suitable
years for the transmission of dengue fever on record occurring
since 2000 (indicator 1.4.1). Similarly, since an early 1980s base-
line, the number of days suitable for Vibrio (a pathogen respon-
sible for part of the burden of diarrhoeal disease) has doubled,
and global suitability for coastal Vibrio cholerae has increased by
9.9%."

An analysis of statements in the above passage is revealing.

Children are the worst affected

The Countdown paper makes two strong claims about the effects
of climate change on children:

Sentence 2:‘Across the world, children are among the worst af-
fected by climate change!

Sentences 4 and 5:'Children are among the most susceptible to
diarrhoeal disease and experience the most severe effects of
dengue fever. Trends in climate suitability for disease transmis-
sion are particularly concerning, with nine of the ten most suit-
able years for the transmission of dengue fever on record occur-
ring since 2000 (indicator 1.4.1)!

These statements may be true, but the Countdown Executive Sum-
mary fails to note that the effect of climate-sensitive diseases on
children’s health is diminishing rapidly. It also informs the read-
er that the number of days suitable for Vibrio - one of the many
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Figure 8: Global trends in
diarrheal deaths and dis-
eases, 1990-2017.

ASDR by age group. Source: IHME
(2019).
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pathogens contributing to diarrheal diseases - has doubled and
that the suitability of Vibrio cholerae, in particular, has increased
by 10%." So, is the burden of death and disease from diarrheal
diseases increasing for children?

Figure 8 shows that between 1990 and 2017 the burdens of
death and disease from diarrheal diseases declined substantially
for all ages, and also for children aged 1-4, 5-9 and 10-14, de-
spite any increase in temperature. ASDR from diarrheal diseases
for all ages declined by 57%, substantially more than the 15% de-
cline from all causes. Corresponding declines for children aged
1-4 years, in particular, were even larger (63% and 72% from all
causes and diarrheal diseases, respectively); for children between
5-9 years, the declines were almost the same (57.1% and 57.3%,
respectively); and for children between 10-14 years, they declined
more from diarrheal diseases than from all-causes (57.1% and
52.0%, respectively). This shows that while diarrheal diseases may
theoretically be exacerbated by climate change, their ASDR has
overall declined more than the all-cause ASDR anyway. This sug-
gests that there are other, more controllable factors to which their
extent and severity is more sensitive. It also shows that if current
trends continue, unless economic progress is inhibited, perhaps
through an unintended consequence of controlling energy usage,
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by the time the next century rolls in, the public health toll of diar-
rheal diseases may well be minimal. Diarrheal diseases are, after
all, one of the original diseases of poverty and under plausible sce-
narios the world will be substantially wealthier by 2100.

But remarkably, unless a reader is willing to wade through the
weeds of the Countdown report, they will not learn of the reduc-
tion in death and disease from diarrheal diseases, undernutrition
and malaria. A reader of Sentence 4 may well be lulled into think-
ing that the ASDRs for diarrheal diseases and dengue are of the
same order of magnitude; the relative magnitudes can only be
discerned well into the main report.'® Specifically, on p. 1845, the
discussion of Indicator 1.3 suggests that malaria has declined, but
even then, it says almost in the same breath that dengue has in-
creased, and it fails to discuss the differences in the magnitudes of
the burdens.



Figure9: Trends in deaths:
diarrheal diseases and den-
gue, 1990-2017.

ASDR for all ages and children age
1-4. Other age groups not shown
to avoid cluttering the figure.
Source: IHME (2019).
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Figure 9 illustrates trends in deaths from diarrheal diseases
and dengue, in total and for children aged 1-4 years; deaths from
dengue are at least an order of magnitude smaller. By comparison
with diarrheal diseases, any increase in the burdens of death and
disease for dengue are essentially lost in the noise.

Threats to food security

Sentence 3:'Downward trends in global yield potential for all ma-
jor crops tracked since 1960 threaten food production and food
security, with infants often the worst affected by the potentially
permanent effects of undernutrition (indicator 1.5.1)’

The claim that food production and food security is threatened
is based on a theoretical construct, ‘global yield potential, rather
than trends in actual global yield or food supplies. In fact, yields
for virtually all crops have increased. Figure 10a illustrates this for
cereal yields, which have increased steadily. This is true for the
world as a whole, and for India, China, the least-developed coun-
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Figure 10: Cereal yields and food supplies.

(a) Cereal yields; (b) food supplies per capita. LDCs, Least-developed coun-
tries; LIFDCs, low-income food-deficit countries. Source: FAOSTAT (2019).
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tries (LDCs) and the low-income food-deficit countries (LIFDCs).
The increases in yields have helped boost food supplies per capita
(Figure 10b) and reduced chronic hunger and undernutrition over
the long term." In turn, death and disease from protein-energy
malnutrition (or undernutrition) have declined substantially (see
Figures 3 and 6).

Away from the Executive Summary, in its subsection discuss-
ing Indicator 1.5.1, the Countdown report acknowledges that food
production has increased, but its headline finding is that ‘global

Figure 11: The Lancet

. Indicator 1.5: food security and undernutrition
Countdown's Indicator 1.5. g

Indicator 1.5.1: terrestrial food security and undernutrition—
Source: p. 1847. headline finding: data from all major crops tracked—maize,
wheat, rice, and soybean—showed that increases in temperature
have reduced global crop yield potential

crop yield potential” has declined (see Figure 11, which is a screen-
shot from the Countdown).

It goes on to note that the number of undernourished ‘ap-
pears to have been increasing since 2014, driven by challenges
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Figure 12: The Countdown's Figure 9.

Original caption: Change in global crop growth duration as a proxy for crop yield. Dashed
line = the average change in crop duration of the 1981-2010 baseline. Grey line = annual
global area-weighted change. Blue line=running mean over 11 years (5 years forward, 5 years
backward).
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Figure 13: Yields for key
crops, 1961-2017.
Source: FAO (2019).
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to access, availability, and affordability of food. But what do chal-
lenges to access, availability and affordability have to do with
climate change? And to the extent these challenges are due to
meteorological conditions, how does the Countdown divine it is
due to a change in climate rather than weather? Unfortunately,
the Countdown is not forthcoming on these questions.

The Countdown'’s notion that food production is dropping, or
will drop, is based on estimates of crop growth duration, which it
explains is ‘a proxy for yield potential for maize, wheat, rice and
soybean, and is based on the time taken in a year to accumulate a
reference period (1981-2010) accumulated thermal time. A reduc-
tion in crop growth duration means the crop matures too quickly
with lower seed yield''® This text is accompanied by a five-panel
figure showing that growth durations for these crops have been
declining since the 1970s, if not earlier. The figure is reproduced
above as Figure 12. The original caption in the Countdown reads,
‘Change in global crop growth duration as a proxy for crop yield.
But why use a proxy when actual yield data are readily available
on the web from the UN Food and Agriculture Organization (FAO)?

Figure 13 plots actual yield data from 1961 through 2017 for
the same crops as were used in Figure 12: maize, wheat, soybean
and rice. This show that yields for each have actually increased,
and more or less steadily.
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Itis also pertinent to ask why, if the Countdown wanted to use
the change in global crop growth duration as a proxy for yields or
yield potential, it did not verify whether it was a valid proxy, by as-
sessing how well the two measures tracked each other. This would
be normal practice if the scientific method were followed. Any
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Figure 14: Malaria in sub-

Saharan Africa, 1990-2017.

Trend in ASDR for different areas.
Source: IHME (2019).
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comparison between Figures 12 and 13 would have shown that
crop growth duration, while interesting, is not a good proxy for
crop yield. Perhaps it was more important to advance a narrative
than subject an assumed proxy to a rigorous test, and confirma-
tion bias may indeed have played a role: as the Countdown text ac-
companying the five-panel figure notes, an estimated downturn
in crop yield potential ‘resonates’ with the notion that higher tem-
peratures reduce yields. (Or perhaps it was an effort to convince
the reader that the Countdown was familiar with ‘sound’ science.)
Specifically, the Countdown text notes (emphasis added):"

Globally, crop yield potential for maize, winter wheat, and soy-
bean has reduced in concert with increases in temperature (Fig-
ure 8), challenging efforts to achieve [Sustainable Development
Goal] 2 to end hunger by 2030. This data resonates with a meta-
analysis of the literature by Zhao and colleagues, which suggests
that global yields of these four key crops are reduced respectively by
6%, 3.2%, 7.4%, and 3.1%, globally for each 1°C increase in global
mean temperatures.

The burden of diarrheal disease

Sentence 6:‘Similarly, since an early 1980s baseline, the number
of days suitable for Vibrio (a pathogen responsible for part of the
burden of diarrhoeal disease) has doubled, and global suitability
for coastal Vibrio cholerae has increased by 9.9% '

The number of ‘days suitable for Vibrio’ may have increased, but in
the wider context, deaths from, and the burden of, diarrheal dis-
eases have declined (see Figure 7). So once again there is, coupled
with omitted context, the divergence in trends between a plausi-
ble proxy and reality.
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According to the Countdown, ‘Malaria suitability continues
to increase in highland areas of Africa, with the 2012-17 average
29.9% above [a 1950s] baseline’. However, ASDR for malaria in all
portions of sub-Saharan Africa (SSA), the region most afflicted by
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Figure 15: Development,
1910-2017.

(a) China and (b) India. GDP per
capita (at purchasing power parity
in 2011 international dollars); life
expectancy in years; national CO,
emissions in kilotons of carbon;
population-weighted mean annu-
al PM2.5 exposure in micrograms
per cubic meter. *Population
weighted exposure. Sources:
OWID (2019), WDI (2019), Boden
etal. (2016), PBL (2018).

— Life expectancy (RH scale)
GDP per capita (LH scale)
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this disease, has declined between 30% and 67% from 1990 to
2017 notwithstanding any increase in a theoretical construct such
as ‘malaria suitability’ (see Figure 14).

The largest decline was for the eastern SSA (which includes
the East African Highlands). The 67% decline seen in that part of
the world is larger than the 42% decline in the all-cause ASDR, in-
dicating that despite the estimated increase in‘malaria suitability;
malaria in eastern SSA is of diminishing importance relative to all
the other public health problems facing the population.

Additional health impacts from climate change

Deaths from air pollution
According to the Countdown,?® emissions — principally driven by
fossil fuels and exacerbated by climate change — may have been
responsible for 7 million deaths from global air pollution in 2016,
including 2.9 million deaths from PM2.5 particulates.?’ Seven mil-
lion deaths in 2016 is equivalent to 12.6% of all deaths that year.”
According to the World Health Organization, the source cited by
the Countdown, in 2012 there were 1.03 million deaths due to am-
bient air pollution in China, and 0.62 million in India.?®

If these estimates — based on statistical associations rather
than hard cause-of-death data from death certificates — are accu-
rate, then for 2012, 11.1% of all deaths in China and 6.6% in India
were due to outdoor air pollution.** However, there is no hint of any
decline in life expectancy during the period when carbon dioxide
increased dramatically, which should have coincided with increas-
es in outdoor air pollution. Figure 15 shows that life expectancies
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in China and India increased alongside the population-weighted
PM2.5 exposure increase in the 1990s and early-2000s, and contin-
ued to increase after that. This indicates that deaths from outdoor
air pollution do not substantially decrease life expectancies (if at
all), are overestimated, or they are more than overwhelmed by all
the factors associated with economic development and energy
use that improve life expectancy (e.g. increased ability to switch
from solid fuels to cleaner gas or liquid fuels, especially in the
household), or some combination of these factors.

Further support for this observation comes from a compari-
son of a ranking of Chinese cities by air quality versus one by life
expectancy (both for 2018). It 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
air quality.> Notably, Beijing is 10th by life expectancy but 28th by
air quality. 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 air qual-
ity. Moreover, 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.

Notably, these are among the most industrialised (and urbanised)
areas, not just in China, but in the world. Similarly, in India, Delhi
normally ranks among the top three in terms of life expectancy
but is among the worst in terms of air quality.

Finally, note that both (unadjusted) life expectancies and
health-adjusted life expectancies in India and China continued to
improve through the ramp up of fossil-fuel usage in the 1990s to
the 2010s, notwithstanding the increase or subsequent decrease
in emissions and ambient concentrations of PM2.5 and other pol-
lutants.?

Extreme weather events

The Countdown claims that ‘families and livelihoods are put at risk
from increases in the frequency and severity of extreme weather
conditions...”” Further on, it states:

Populations aged 65 years and older are particularly vulnerable
to the health effects of climate change, and especially to ex-
tremes of heat. From 1990 to 2018, populations in every region
have become more vulnerable to heat and heatwaves...In 2018,
these vulnerable populations experienced 220 million heat-
wave exposures globally, breaking the previous record of 209
million set in 2015 (indicator 1.1.3). Already faced with the chal-
lenge of an ageing population, Japan had 32 million heatwave
exposures affecting people aged 65 years and older in 2018, the
equivalent of almost every person in this age group experienc-
ing a heatwave.?®

Figure 16 shows, however, that since the 1920s, global death
rates from all EWEs (extreme temperatures, droughts, floods,
landslides, wildfires, storms, fog) have declined by 98.9%. Annual

16



Figure 16: Decadal deaths
from extreme weather
events, 1900-2018.

Note that the final data point only
runs to 2018. Source: Goklany
(2020), updated from Goklany

(2009b), using WDI (2019) and EM-

DAT (2019).
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deaths from EWEs have decreased by 96.1% over this period, de-
spite a more-than-tripling of the population. The vast majority of
these reductions occurred before human-induced global warming
became a concern for the public and policymakers (arguably no
earlier than the signing of the 1992 Rio Declaration, and probably
later). This reinforces the fact that autonomous adaptation driven
by wealth and technological change is a natural human response
to perceived threats, and should be incorporated into estimates
of future impacts over multiple decades.” This suggestion is con-
firmed by another paper, which showed that the global mortality
rate from EWEs dropped by a factor of 6.5 between 1980-1989
and 2007-2016.%°

For context, the average global annual death toll from all
EWEs in 2010-2018 was 19,021.3' This is only 0.035% of the current
global all-cause annual death toll of about 56 million;** clearly,
the toll from extreme weather events receives a disproportionate
share of publicity.

The above estimate (0.035%) also accounts for a small frac-
tion of deaths attributable to temperature deviations from a lo-
cality- or region-specific optimum temperature at which mortality
seems to be at a minimum.* It has long been known that more
people die in colder (winter) months than in summer months in
most temperate areas and, possibly, in some tropical settings as
well2* The Countdown, however, ignores deaths from cold tem-
peratures, which might be reduced due to climate change.

Recent systematic studies of all-cause mortality, some pub-
lished in The Lancet itself, indicate that there is an optimum av-
erage daily temperature at which mortality is minimised. This oc-
curs somewhere between the 60th percentile of the average daily
temperature for some tropical countries to more than the 90th
percentile for some temperate countries.®> Most of these opti-
mum temperatures are clustered in the 78th to the 93rd percen-
tile range.** These studies also indicate that there are about fifteen
times as many deaths attributable to colder-than-optimum than
to warmer-than-optimum days (see Figure 17).

There is substantial evidence of a decline in mortality from
heat in several countries in recent years, suggesting adaptation
and/or acclimation. Gasparrini et al. found that relative risks as-
sociated with high temperatures declined significantly in 2006
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Figure 17: Ratio of deaths
attributable to colder-than-
optimum versus those at-
tributable to warmer-than-
optimum temperatures.

The blue and black ('Total’) bars
are from Gasparrini et al. (2015);
the red from Fu et al. (2018). *The
Total bar is based on the aggre-
gate deaths for countries in blue.
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compared to 1993 in the US, Japan, and Spain; for Canada they
found a decrease, but it was not significant.?” The authors were
unable to make any determination for Australia and South Korea
due to low statistical power, and found ‘little evidence’ of change
for the UK. Interestingly, they found that risk to the US population
‘seems to be completely abated in 2006 for summer temperatures
below their 99th percentile’ A study of the US found that, notwith-
standing any urban heat island effect, there was a 80% decline in
mortality rates on hot days during the 20th century.® Also, some
evidence suggests that societies may adapt better to heat rather
than cold. A study of communities in Japan and Korea found that
relative risk of mortality from heat waves declined over time, but
for cold waves it apparently increased.*®* Another analysis, this time
of ten countries, found that cold-related mortality substantially
exceeded heat-related mortality.** The authors also found that:

Despite a warming trend, heat-related deaths decreased over
the study period in most of the countries studied.

The trends in cold-related mortality were less consistent. Five
countries showed a decrease, and one an increase.

Finally, an analysis of temperature data from 7,000 stations
around the world from 1901-2010, found ‘significant warming
in all seasons but more so in the colder months, that nighttime
temperatures warmed more than daytime, and ‘warming is gener-
ally stronger for the coldest than for the warmest value!*' In other
words, cold extremes, which seem to be more dangerous, are re-
ducing faster than the less dangerous hot extremes are increas-
ing. These changes are consistent with expectations from global
warming. The authors suggest that, ceteris paribus, there should
be a net reduction in mortality due to any global warming.

Labour productivity

According to the Countdown,*? increases in temperatures and
heatwaves have decreased global labour productivity in all sectors
of the economy. The majority of the decrease is in the agricultural
sector, because agriculture is primarily an outdoor activity and
therefore more subject to the elements than other sectors. There
are apparently smaller productivity decreases in the manufactur-
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Figure 18: Value added per
worker in the agriculture,
fishery and forestry sector,
1991-2018.
Source: WDI (2019).

Indonesia
World
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ing and service sectors, in that order. The Countdown’s Figure 3
indicates that India, China and Indonesia are the countries most
affected by the decline in labour productivity. Note, however, that
there is no indication in the Countdown or its Appendix whether
the models used to estimate these changes have been validated
using data that were not employed in developing the model itself;
in other words, against out-of-sample data.

The Countdown's analysis is based on an examination of vari-
ous weather-related factors to estimate ‘heat strain, which is pos-
tulated, not unreasonably, to affect labour productivity. However,
if their calculations are correct, then value added per worker af-
fected should be falling. Figure 18 shows the revevant data (in
constant 2010 US dollars) for the agriculture, forestry and fishing
sectors, in total, and for China, India and Indonesia. They all show a
more-or-less continuous increase from 1991 through to 2018. For
China, value added per worker in 2018 was 5.4 times its 1991 level.
For the world as a whole, and for India and Indonesia in particular,
value added per worker more than doubled over the same period.
An exception seems to be the decline in world value added from
2017 to 2018, although there was concurrently a decline in the
work hours lost for the world. Clearly, there is a lot more to produc-
tivity than outdoor weather conditions.

The increase in labour productivity is likely due, firstly, to in-
creased and/or more efficient use of fossil-fuel-dependent tech-

4
3
o
o
S
5
©
2 r
w .
= -
° 2 S
o —
(@] //
1
O T T T T T
1995 2000 2005 2010 2015

19



nologies such as fertilisers, pesticides, irrigation and diesel-pow-
ered machinery, which collectively boost agricultural yields, for
instance, and allow more work to be done in a shorter period of
time.” Secondly, outdoor weather conditions are increasingly less
relevant to maintaining labour productivity — we use energy to
cool our microenvironment if it’s too warm, or heat it if it's too cold.
Thirdly, it should be noted that economic activity in many areas is
as high as it is in part because of the ability to control workers’
microenvironments. In wealthier countries, agricultural workers
frequently work from air-conditioned cabs in their trucks, tractors
and combine harvesters. If economic growth continues, these ef-
ficiency-enhancing practices should spread to their counterparts
in developing countries. Thus limiting fossil fuel use to mitigate
climate change (or its impacts), as the Countdown seems to favour,
could be counterproductive in terms of maintaining or advancing
labour productivity, as well as general habitability. This is because
without cheap fossil fuels the land would be less productive and,
therefore, more land and labour would be required to maintain
any given level of food production.

Wildfires

The Countdown'’s discussions of wildfire rely heavily on informa-
tion that has been cherrypicked, both temporally and geographi-
cally. Specifically, its discussions focus on a limited time period
and limited geography. In essence, it relies on anecdotes without
providing context. In the Executive Summary, it states,

77% of countries experienced an increase in daily population
exposure to wildfires from 2001-14 to 2015-18 (indicator 1.2.1).
India and China sustained the largest increases, with an increase
of over 21 million exposures in India and 17 million exposures in
China over this time period.*

Later, it states that in 2018,’152 countries [experienced] a marked
increase in the daily population exposures to wildfires compared
with baseline (indicator 1.2.1). Note that ‘one exposure’is ‘one per-
son-day’*

But the Earth predates 2001, and the Countdown neglects to
inform the reader that ice-core records, charcoal measured in lake

and marine sediments, and scars on tree-rings show that global
burned area has been declining since around 1850.% Satellite data
confirm the trend indicating that the burned area declined by 24.3
+ 8.8% from 1998 to 2015.%” Also, the American Meteorological So-
ciety’s annual State of the Climate report found that globally, fire
activity during 2018 was ‘the lowest since the start of the record in
1997...This reinforced the long-term downward trend in fire emis-
sions driven by changes in land use in frequently burning savan-
nas.*

Moreover, the Countdown'’s statistics regarding millions of ad-
ditional person-days of exposures are misleading for a variety of
reasons:

+ Increase in exposure does not necessarily translate into
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greater health impacts, as we have already seen.

« India’s average population for 2015-2018 is about 1,200
million. Therefore, there are potentially 438,000 million per-
son-days of exposure each year. The 21 million person-days
of exposure translates to the average person being exposed
0.005% of the time. The Countdown masks this by omitting any
context, which, based on the foregoing, seems to be part of
its modus operandi. Moreover, a ‘measured’ increase over four
years is not necessarily an indicator of climate change rather a
fluctuation due to weather.

« Most countries have seen their populations increase. This
begs the question: how are Countdown’s reported increases
in exposure partitioned between population growth and in-
creasing numbers and/or extent of wildfires? The Countdown
is silent on this.

Finally, how does the Countdown differentiate between changes
due to weather and those due to long-term climate change? The
report is silent on this as well.

4. Conclusion

The contribution of climate-sensitive diseases and events to the
all-cause burden of death and disease is small, and getting smaller.
Between 1990 and 2017, the cumulative ASDR for CSDEs declined
by 54%, while the all-cause ASDR declined by 32%. Consequently,
the ASDR from CSDEs dropped from 8.1% of all-cause ASDR to
5.5%. Over the same period, the age-standardised burden of dis-
ease declined from 12.0% to 8.0% of all-cause age-standardised
DALYs.

The Lancet Countdown overlooks the diminishing significance
of CSDEs for public health and chooses instead to emphasise those




diseases that have become more prevalent today, although their
contributions to death and disease are still relatively minor. Thus,
despite the fact that dengue was responsible for 40,000 deaths
in 2017 (only 1.4% of cumulative mortality from CSDEs, or 0.07%
of all-cause mortality), it gets more attention in the text than ma-
laria, which was responsible for 620,000 - fifteen times as many
— deaths. Needless to say, such disproportionate focus is inappro-
priate for providing the reader with a balanced account of threats
and risks in order to help develop public health priorities.

The Countdown also dwells in several instances on factors that
arguably might have led to an increase in CSDEs but fails to verify
whether their burdens of death or disease in fact increased. For ex-
ample, the Countdown claims that heatwaves and other extreme
weather events are increasing, and that exposure and vulnerabil-
ity to heat is increasing too. However, long-term data indicate that
global death rates from all EWEs have declined by 99% since the
1920s.

Also, with respect to the purported impact of climate change
on food security, the Countdown uses a construct called ‘global
crop growth duration’ as a proxy for crop yield in order to show
that food security is threatened by higher temperatures from cli-
mate change. However, the trend for crop growth duration for the
five crops considered is downward, whereas actual data shows the
opposite: yields have been increasing for most of the last 50 or 60
years. The Countdown should have verified whether and to what
extent crop growth duration is a proxy for yield before relying on
itinits report.

Similarly, the Countdown also implies that we are at increas-
ing risk from other climate-sensitive diseases and events but does
not present any data that mortality and disease burdens have ac-
tually increased from them. It claims that exposures are increas-
ing or conditions are becoming more conducive to their spread
(for example, wildfire, malaria and Vibrio), but global area burnt
by wildfires and ASDRs from malaria and diarrheal diseases have
declined substantially.

The Countdown also claims that labour productivity has de-
creased due to higher temperatures and heatwaves, but value
added per worker has actually increased significantly, and in-
comes have grown virtually everywhere.

All this shows that business-as-usual is quite successful in
mitigating the risks associated with CSDEs, whether they are due
to climate change or merely weather, and that the world is coping
with them better than with other major public health problems.
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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
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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
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present time.
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