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ABSTRACT
This paper challenges claims that global warming outranks other threats facing humanity
through the foreseeable future (assumed to be 2085–2100). World Health Organization and
British government‐sponsored global impact studies indicate that, relative to other factors,
global warming’s impact on key determinants of human and environmental well‐being should
be small through 2085 even under the warmest Intergovernmental Panel on Climate Change
(IPCC) scenario. Specifically, over 20 other health risks currently contribute more to death and
disease worldwide than global warming. Through 2085, only 13% of mortality from hunger,
malaria and extreme weather events (including coastal flooding from sea level rise) should be
from warming. Moreover, warming should reduce future global population at risk of water
stress, and pressures on ecosystems and biodiversity (by increasing net biome productivity and
decreasing habitat conversion). That warming is not fundamental to human well‐being is
reinforced by lower‐bound estimates of net GDP per capita. This measure adjusts GDP
downward to account for damages from warming due to market, health and environmental
impacts, and risk of catastrophe. For both developing and industrialized countries, net GDP per
capita—albeit an imperfect surrogate for human well‐being—should be (a) double the current
U.S. level by 2100 under the warmest scenario, and (b) lowest under the poorest IPCC scenario
but highest under the warmest scenario through 2200. The warmest world, being wealthier,
should also have greater capacity to address any problem, including warming. Therefore, other
problems and, specifically, lowered economic development, are greater threats to humanity
than global warming.
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INTRODUCTION
Some scientists and policymakers claim that global warming is among the most, if not the most,
important issue facing mankind.1,2,3,4 U.N. Secretary General Ban Ki‐moon, for example, calls
global warming “the most important priority for human beings,”5 echoing similar statements by
other world leaders, past and present.6,7,8 Such claims have obvious implications for the
allocation of society’s always‐scarce resources to address the many challenges that humanity
faces. However, there are no scientific studies that justify such claims at the global scale.
Justification must necessarily be based on a showing that the net global impact of warming
exceeds that of other problems now and through the foreseeable future. I will, consistent with
other studies, assume that the foreseeable future extends to 2085‐2100.9,10 This is probably
optimistic because emission scenarios are driven by socioeconomic assumptions and
projections which arguably “cannot be projected semi‐realistically for more than 5–10 years at
a time.”11
Although most impact studies have been undertaken at less‐than‐global scales, some, e.g., the
so‐called Fast Track Assessments (FTAs) sponsored by the British Government,12,13,14 are indeed
global in scale.15 The individual FTAs projected the global impacts for hunger,16,17 malaria,18,19
water resources,20,21 coastal flooding,22,23 forests and land cover24,25 through 2085. However,
like many other impact studies, each FTA study was restricted to one or two determinants of
human or environmental well‐being. Thus one must synthesize results of several analyses to
better understand the full scope of global warming.
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Even where studies estimate global impacts, they do not always attempt to put the impact of
warming in the context of the other factors affecting the determinant(s) being studied,
although there are exceptions.26 This makes it difficult to resolve whether global warming is
indeed the most important problem facing humanity.* Nevertheless, such studies can illuminate
this issue because every impact study necessarily estimates future impacts both with and
without global warming. This allows us to estimate the contribution of global warming to total
future impact for each determinant. Results for key determinants could then be synthesized to
determine the importance of warming relative to other risks. Unfortunately most impacts
assessments place little emphasis on addressing this issue.

The Curious Disinterest of Impacts Scientists in Placing Warming in its Wider
Context
Parry et al.’s 2001 paper defining critical climate change threats and targets illustrates the
tendency in the literature to place little emphasis on comparing the relative magnitude of the
impacts of climate change with those from other factors. The authors emphasized that
unmitigated climate change would place “additional millions at risk.”15 However, they
overlooked the fact that for three of the four determinants examined, many more millions, if
not billions, would be at risk even absent any climate change.

*

In contrast to most impacts studies, integrated assessments and cost‐benefit analyses are often global in scale
and cover a wide variety of sectors, but they too restrict themselves to an examination of global warming (e.g., the
Stern Review),45 once again precluding any comparative analysis.
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For instance, although climate change would increase the population at risk (PAR) for malaria
by as much as 320 million in 2085, PAR in the absence of warming would be 8,800 million.15,27
That is, climate change would contribute less than 4% to the total PAR for malaria. Similarly,
warming would contribute 23% to total hunger in 2085 (91 million out of 391 million), assuming
carbon fertilization (see below). By comparison, for coastal flooding, the one determinant for
which future population at risk (PAR) is projected to be dominated by warming, PAR would
increase from 13 million to 94 million.
But perhaps the most remarkable aspect of Parry et al. was that, it only reported “the number
of people living in water‐stressed countries … which would experience a reduction in water
availability due to climate change” (p. 181, footnote 1). Thus it reported that warming would
increase water shortage for over 3 billion people in 2085. But it ignored the numbers for whom
warming would reduce water stress. In fact, the underlying analysis20 indicated that the net
global population under water stress could decline by more than 2 billion.27 While there is
probably an asymmetry in terms of human well‐being between increasing and decreasing water
stress, readers (including policy makers) are owed both set of numbers, so that they can judge
for themselves whether and how to balance these countervailing effects. Equally important,
the water‐stressed population was estimated at 6.5 billion, even if there were no warming.
Thus, considering the various determinants in aggregate, other factors are likely to be more
important than warming for the period of analysis (through 2085).27 Despite its policy
relevance, this information was not presented in Parry et al. although, judging from the article’s
title, policymakers were apparently among its desired audience.15
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Similarly, the IPCC’s Fourth Assessment Report (AR4) Summary for Policy Makers (SPM) pays
scant attention to how the impacts of warming compare in magnitude to other factors, despite
comments on its drafts that this omission be rectified.28* Perhaps its disinterest stems from its
almost singular focus on the adverse impacts of climate change.†
So, curiously, while policymakers proclaim that warming is (among) the most important
problems facing humanity, impacts scientists seem largely uninterested in pursuing that issue

*

One comment, for example, stated,
“[G]lobal impact assessments undertaken by Parry et al. (1999, 2004) indeed indicate that large numbers
will be thrown at risk for hunger because of CC; however, they also indicate that many more millions
would be at risk whether or not climate changes... Policy makers are owed this context. Withholding this
nugget of information is a sin of omission. Without such information, policy makers would lack necessary
information for evaluating response strategies and the trade‐offs involved in selecting one approach and
not another. One consequence of using Parry et al.’s results to compare population at risk for hunger with
and without climate change is that it indicates that measures to reduce vulnerability to current climate
sensitive problems that would be exacerbated by CC could have very high benefit‐cost ratios. In fact,
analyses by Goklany (2005a) using results from Parry et al. (1999) and Arnell et al. (2002) suggests that
over the next few decades, vulnerability reduction measures would provide greater benefits, more
rapidly, and more surely than would reactive adaptation measures or, for that matter, any mitigation
scheme.” (Ref. 28, Comment E‐SPM 148, p. 28).

To which, the IPCC writing team responded thus,
“This whole text, from lines 11 to 26, has been deleted. Tables SPM‐1 and SPM‐2 give greater insights into
risks of hunger etc, with full confidence range from negative to positive changes.”
But, in fact, Tables SPM‐1 and 2 provided no comparison of populations at risk with and without climate change.
†

Consider the following comment‐and‐response on the SPM’s “second order” draft:
COMMENT: “C. With respect to the entries related to water stress, we note that Arnell’s (1999) analyses
of the global impact of CC on water stress indicates that fewer people might be under stress (if one
measures stress by counting the number of people living in areas where annual water availability drops
below 1,000 m3), although the number of countries with water‐stressed (sic) populations might increase.
This result is confirmed by Arnell (2004). Moreover, neither study accounts for any adaptations.”
[Emphasis in the original.]
“D. It is disingenuous to report the population ‘new water stressed’ without also noting that as many, if
not more, may no longer be water stressed (if Arnell’s analyses are to be trusted).”
RESPONSE: “C and D. These water stress numbers represent those becoming newly water stressed and
reflect the infrastructure costs associated with meeting the demand where less water is available.” [Ref.
28, Comment E‐SPM‐168, p. 32.]
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despite having ready access to relevant information. Nevertheless, some studies have explicitly
addressed whether global warming is the most important problem facing humanity.29

Existing Studies Comparing Climate Change with Other Risk Factors
The few studies that have attempted a comparative analysis on a global scale covering multiple
determinants show that other, non‐climate change related problems are larger in magnitude
today and likely to remain so through the foreseeable future. Perhaps the first such study, by
Goklany in 2000,30 was largely based upon information contained in the IPCC’s Second
Assessment Report. It focused on various critical determinants of human and environmental
well‐being, specifically, food security, deforestation, biodiversity, and human health.
This analysis was redone27 using the Fast Track Assessment (FTA) results12,13 on the global
impact of climate change on food security, malaria, water resources, coastal flooding, global
land cover, and coastal wetlands. These FTA results were also factored into the IPCC’s Third
Assessment Report. 31 This analysis was revised 9,10 yet again, after FTA results were updated
using the IPCC scenarios developed in its Special Report on Emission Scenarios (SRES)32 for
inclusion into the Fourth Assessment Report (AR4). 33 These studies reaffirmed the conclusions
from the previous comparative studies.27,30 More recently, van Vuuren et al., based on an
analysis of future malaria, water stress, energy use, sea level rise and agriculture, concluded
that, “While climate change may have an impact on millions of people, other challenges are
likely to influence people and governance more significantly.”34
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In the following, I will build upon these studies to determine whether climate change is among
the most important problems facing humanity, with the focus on death and disease from a
variety of factors, including hunger, malaria, and extreme weather events (including coastal
flooding from sea level rise); water shortage; and threats to ecosystems and biodiversity. This
paper, however, does not address hypothesized low‐probability but potentially high
consequence outcomes such as a shutdown of the thermohaline circulation or the melting of
the Greenland and Antarctica Ice Sheets, which have been deemed unlikely to occur in the
foreseeable future.35,36,37
To address the question posed in the title of the paper, the analysis must necessarily be
undertaken at a global level. However, I will disaggregate some impacts to developing and
industrialized countries because developing countries are probably more vulnerable to global
warming and, therefore, likely to bear a disproportionate share of the damages.31,33
The analysis presented here relies largely on projected impacts of global warming into the
future. However, in order to place its results in context, I will briefly discuss the uncertainties
and, more significantly, systematic biases that beset such projections.

UNCERTAINTIES AND SYSTEMATIC BIASES IN IMPACTS ASSESSMENTS
A substantial share of the uncertainty associated with impacts assessments in general and the
FTAs in particular stems from the fact that impacts estimates are derived using a series of linked
models. Each model in this series is driven by a set of assumptions, the uncertain outputs of
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the previous model (if any), or both.9 To compound matters, many of these models have not
been verified and validated using empirical, “out‐of‐sample” data, that is, data that were not
used to develop, calibrate or otherwise fine tune the models.36 It may be argued with some
justification that complex models may not be verifiable31,38 but that does not change the fact
that the models have not been verified. Therefore, their results should be considered to be
inherently uncertain.
The first step in developing impacts estimates is to formulate assumptions regarding the
evolution of the socioeconomic drivers of greenhouse gas (GHG) emissions (namely,
population, economic growth, and technological change) spanning the duration of the analysis,
which for the SRES was from 1990 (the base year) through 2100.32 These assumptions are then
fed into emissions models to develop emissions scenarios over the 1990–2100 time frame.
However, as noted, our ability to accurately forecast socioeconomic factors for longer than a
few years is questionable, at best.11
Nevertheless, in the third step these emission scenarios are used to drive coupled atmosphere‐
ocean general circulation models (AOGCMS, i.e., climate models) to estimate spatial and
temporal changes in climatic variables spanning the period of the analysis. Notably, the finer
the geographic scale, the larger the uncertainties in these estimates. This is particularly true for
precipitation (Ref. 37, pp. 600–01), which is a key determinant of the abundance, health and
distribution of critical natural resources (e.g., water, food, forests, pasture and other
vegetation) that sustain virtually all living species. Unfortunately, these climatic changes must
necessarily be estimated at relatively fine scales because the distribution and status of these
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natural resources are spatially heterogeneous (as are the socioeconomic factors that determine
autonomous adaptation, a critical step in impacts assessments).39 But, as noted by the US
Climate Change Science Program, “modern AOGCMs generally simulate continental and larger‐
scale mean surface temperature and precipitation with considerable accuracy, but the models
often are not reliable for smaller regions, particularly for precipitation.”40 Moreover, models
often disagree over whether specific areas will experience additional precipitation (Ref. 37,
Chapter 11; Ref. 39, p. 151; Ref. 40), which casts doubt on whether they should be used as
predictive (as opposed to diagnostic) tools.
Notwithstanding these shortcomings, these climatic changes serve as inputs to the fourth set of
models, namely, biophysical models, to project location‐specific temporal biophysical changes
(e.g., crop or timber yields).
If these biophysical changes have socioeconomic consequences or if they could otherwise elicit
autonomous adaptive responses, the outputs of these biophysical models should be fed into a
next set of models to calculate the socioeconomic impacts. In theory, these models should
include a “feedback” module to account for autonomous adaptations. Feedbacks should be
based on future adaptive capacity and other factors affecting adaptation (see below).31,39
While the first four steps in the process of impacts estimation lead to an accumulation of
uncertainties, this step, for practical purposes, systematically biases the estimates in the
direction of overestimating net negative impacts of climate change. This is because the
feedback modules used at this step, if any, fail to consider adequately society’s capacity to
adapt autonomously to either mitigate or take advantage of climate change impacts.9,41 This
9

violates the IPCC’s methodological guidelines for impact assessments, which require
consideration of autonomous or automatic adaptations.39 These adaptations depend on,
among other things, adaptive capacity, which should advance with time due to the assumption
of economic growth embedded in each IPCC emission scenario.9,41,42,43 However, these
advances are rarely accounted for fully in impacts assessments.9,10,41,43 Consequently, the
assessments are internally inconsistent because future adaptive capacity does not reflect the
future economic development used to derive the emission scenarios that underpin global
warming estimates. Adaptive capacity should also increase because of secular technological
change, i.e., the accretion of technology (including knowledge) over time. But that too is usually
not fully incorporated, if at all, in most impact assessments.9,41,43 Hence these assessments
overestimate negative impacts while simultaneously underestimating positive impacts.41,43

Future Net GDP per Capita under the IPCC’s SRES Scenarios
How much is GDP per capita projected to increase under the various IPCC scenarios, and what
difference might that make to adaptive capacity and projected impacts?
Table 1 lists the characteristics and assumptions used to develop the IPCC’s four main scenarios
in its Special Report on Emission Scenarios (SRES).21,25,44 The scenarios are arranged from the
warmest to the coolest from left to right. The table indicates that under each IPCC scenario,
future GDP per capita, a surrogate for wealth, should be much higher for developing and
industrialized countries than it was during the baseline year (1990). However, the Table 1
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estimates are for the situation prior to any global warming. Therefore, it is conceivable that
damages from climate change could reduce future GDP per capita to below baseline or current
levels.
Figure 1 provides lower‐bound estimates of developing and industrialized countries’ net
(average) GDP per capita for 1990, 2100 and 2200 for the four main IPCC SRES scenarios after
accounting for reductions in GDP due to climate change.42 This is calculated for each scenario
by subtracting from the GDP per capita in the absence of warming (from Table 1), the Stern
Review’s 95th percentile (upper bound) estimates of losses in GDP due to unmitigated
warming.45 But to quote Tol (2008), the Stern Review’s central estimate “lies beyond the 95th
percentile—that is, it is an outlier.”46 Moreover, the Stern Review’s central estimate, like other
studies, overestimates the costs/damages from global warming partly because it too does not
fully account for increases in future adaptive capacity.47
Figure 1 indicates that net average GDP per capita of developing countries in 2100 would range
from $10,000 (in 1990 US$) for the A2 (poorest) scenario to $62,000 for the A1FI (richest‐but‐
warmest) scenario. For context, consider that in 2006 GDP per capita for industrialized
countries was $19,300; the United States, $30,100; and developing countries, $1,500.42 That is,
net GDP per capita for today’s developing and industrialized countries should be much higher in
2100 (and 2200) than it is currently or, for that matter, was during the baseline year (Figure 1).
This conclusion should be robust since net GDP per capita was calculated using the upper
bound estimate of the losses in GDP from climate change from a study which already had a
tendency to overestimate impacts.
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Factors Affecting Adaptation
Greater economic development, i.e., net GDP per capita, should translate into higher adaptive
capacity because an increase in economic resources ought to increase access to both the
technologies and the human capital needed to cope with change, whether that change is due to
global warming or any other agency.41,48 In addition, several factors that advance human
capital—e.g., educational attainment, improved health, expenditures for health and
research49—are also correlated with increases with GDP per capita.41,48 This may partly be due
to the fact economic development and human capital reinforce each other and partly because
factors that enhance one also enhance the other.41,48 Moreover, if existing technologies are
inadequate for coping with change, wealthier societies have a greater capacity to research,
develop, and deploy needed new technologies. A case in point is the world’s response to
HIV/AIDS. Once a mysterious new disease that spelled almost certain death for its victims, it is
now a disease that is manageable, particularly in the wealthier world. The effort to tame this
disease was spearheaded by, and accomplished at considerable cost to, the wealthier nations,
who then have made the fruits of this exercise available to poorer countries (Ref. 43, p. 21; Ref.
48, pp. 67–68). Arguably, this was enabled by the greater wealth and human capital available to
the wealthier countries. This would be consistent with the notion that wealthier societies are
more resilient to adversity in general.
Another important factor contributing to adaptive capacity that is often ignored in impact
assessments is, as noted, secular technological change (Ref. 33, Chapter 17; Refs 9, 41, 43).
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Long‐term projections that neglect economic development and secular technological change
generally overstate future negative impacts on critical aspects of human well‐being, often by an
order of magnitude or more.43,48 For example, the FTA’s malaria study assumed static adaptive
capacity between baseline and projection years (1990–2085).19 Applying the same assumption
to project U.S. deaths in 1970 from various water‐related diseases—dysentery, typhoid,
paratyphoid, other gastrointestinal disease, malaria—using data from 1900 implies freezing
death rates at 1900 levels. But, in fact, from 1900–1970 they declined by 99.6%–100.0%.43
Similarly, because of the increase in adaptive capacity globally, global death rates from extreme
weather events have declined by 98% since the 1920s.50 Simplistic projections that do not fully
account for economic and technological development are the major reason why highly
publicized projections from The Limits to Growth and The Population Bomb, for instance, failed
the reality test.43,48
Another factor is the unequal distribution of wealth or access to resources. The more skewed
this distribution, the more it could diminish a society’s capacity to cope with adverse
situations.51 This is because the greater the inequality in a society the less the access to
resources for people at the lower end of the income distribution relative to those at the upper
end (Ref. 120) and, therefore, the less their relative ability to cope with adversity. This is
obscured when one focuses on average GDP per capita and ignores income distribution.*
Moreover, as illustrated by the death tolls following Hurricane Katrina and the 2003 European
*

Pogge’s argument120 that a nation’s growth trajectory is better characterized by using gross national income (GNI)
per capita rather than GDP per capita has substantial merit, although it may be better still to use real consumption
rather than income, particularly if large transfer payments are involved or if a substantial share of income is
derived from the informal sector.121,122 For the purpose of this paper, however, these arguments are academic
since the SRES scenarios provide future projections of GDP but not GNI or consumption levels.
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heatwave, adaptive capacity is not sufficient.52 Such capacity has to be deployed and used. Lack
of sufficient social capital or political will may preclude full use of available adaptive capacity,
which may be exacerbated by miscalculations of risk or poor judgment.53 Other important
factors include the responsiveness of authorities to public concerns, and corruption.54,55,56
However, future trends in these factors and their effects on adaptation are generally not
projected as part of impacts assessments. Accordingly, I will assume that they will stay
unchanged, although if the environmental transition hypothesis is valid, political will should
increase with the level of economic development (Ref. 43, pp. 4–5; Ref. 48, pp. 105–111). This
would be consistent with: (a) studies which suggest that increases in economic insecurity or
unemployment are associated with declines in support for environmental policies in general
and global warming control policies in particular;57,58 (b) the lack of enthusiasm for greenhouse
gas emission targets and timetables at least among many decision‐makers of major emitting
developing countries in the BRIC (Brazil, Russia, India and China) group;59,60 and (c) the
diminishing support in today’s economically uncertain times for greenhouse gas controls and a
decline in concern over climate change in several major industrialized countries (e.g., Japan,
Canada, Russia, the U.S., U.K. and other countries in Western Europe).61,62,63,64,65
A decline in support for relatively expensive measures at a time of real or perceived decline in
economic well‐being should, however, not be misconstrued as implying that poorer populations
care less about the environment. It might merely reflect the fact that these populations are
pragmatic about opportunity costs that might affect their well‐being. It also suggests that
populations favor relatively high discount rates in that they give greater weights to short term
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economic prospects than longer term impacts of climate change. Both of these possibilities are
entirely consistent with the environmental transition hypothesis.*
The uncertainties and biases associated with projected impacts in general also extend to the
FTA studies to one degree or another. Nevertheless, I will use their results in the following
analysis because they are global in scope and provide impact estimates for key determinants of
well‐being. Third, they have been peer‐reviewed, and generally reflect the state‐of‐the‐art.
Fourth, they have figured prominently in the international debate over global warming.
Specifically, their results informed the IPCC’s Third and Fourth Assessments and the Stern
Review.31,33,45
However, despite the likelihood that FTAs overestimate impacts due to their inadequate
treatment of adaptive capacity, I will not adjust the FTA results downward. Thus, my results are
based on overestimates of the impacts of warming.

CONTRIBUTION OF CLIMATE CHANGE TO MORTALITY FROM VARIOUS HEALTH
RISKS
Ranking Global Warming Based on Current Impact on Death and Disease

*

Under the environmental transition hypothesis, as populations become wealthier and gain access to greater
human capital, “they are better able to afford and employ cleaner technologies” for cleaning up the environment
(Ref. 43, p. 5; see, also, Ref 48, pp. 106‐109).
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The World Health Organization annual report for 2002 (WHO 2002) provided estimates of
death and disease attributable to global warming and 25 other health risks based on its Global
Burden of Disease study for 2000.66 Although there are uncertainties associated with these
estimates, they are derived using a common and consistent approach, which allows one to
broadly rank these health risks based on their contribution to the global burden of either death
or disease.67
The burden of disease is estimated using lost “Disability‐Adjusted Life Years” (DALYs).68 It is
designed to combine both mortality and morbidity into one indicator. The higher the number of
lost DALYs the greater the burden of disease. This widely used summary measure of population
health is also used by the public health community and other organizations to compare the
health burden of different diseases, evaluate cost‐effectiveness of interventions, and identify
priorities,69,70 despite reservations on the part of some analysts.71,72
The methodology for global warming is described in McMichael et al.,73 which attributes
154,000–166,000 deaths and 5.5 million DALYs lost to warming in 2000. These estimates have
been propagated widely via numerous review articles74,75,76,77 and the IPCC’s latest (fourth)
assessment report (Ref. 33, p. 407), despite the fact that McMichael et al. acknowledges that its
methodology did not “accord with the canons of empirical science [because] it would not
provide the timely information needed to inform current policy decisions on GHG emission
abatement, so as to offset possible health consequences in the future” (Ref. 73, p. 1546). That
is, the policy agenda trumped rigorous science. Nevertheless, WHO (2002) indicates that global
warming would be outranked by at least twenty other health risk factors.78
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WHO (2009) updates WHO (2002) estimates of death and disease for 2004 for 24 risk factors,
including global warming.79 It attributes 141,000 deaths (0.2% of all deaths) and 5.4 million lost
DALYs (0.4% of all disease) in 2004 to global warming, slightly lower than previous estimates.
According to WHO (2009), global warming exacerbates death and disease from 37 health
outcomes or conditions, e.g., diarrhea, malaria, and undernutrition (see Table 2). These
conditions are not new to mankind. They are poverty‐related, and are absent or have been
virtually eliminated from the industrialized world.80 Global warming apparently exacerbates
existing poverty‐related health risks rather than creates new health risks.
Notably, neither stroke nor cardiovascular disease is listed in Table 2. But data from
industrialized countries show that more people die in winter than in summer (see Table
3).81,82,83,84,85,86,87 substantially due to seasonal increases in deaths from these two conditions
during the colder months.88,89 Table 3 shows that excess winter mortality* for just two
countries—the U.S. (108,500 in 2008) and Japan (50,887, 2006–07 average)—exceeds WHO
(2009)’s estimate of annual deaths worldwide from global warming (159,000 vs. 141,000).
Several studies suggest that this phenomenon may also exist in warmer areas of the world and
in developing countries, e.g., Kuwait,90 Tunisia,87 Hong Kong,87 and, possibly, São Paolo,91 Cuba92
and Hawaii.93
Notwithstanding the fact that WHO (2009) ignores any potential reductions in excess winter
mortality, Figure 2 uses its results to rank the 24 health risk factors.80 It shows that global
*

Excess winter mortality is based on the difference in the average daily mortality for the four coldest months of
the year compared to the rest of the year. Calculations for England and Wales are done using the meteorological
year rather than calendar year starting in August of the previous year.82
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warming ranks second‐last based on global mortality (left hand panel) or last based on the
global burden of disease, i.e., lost DALYs (right hand panel). The rankings are unchanged if one
focuses only on developing countries. Considering only industrialized countries, global warming
would be ranked 23rd based on mortality and 21st based on the burden of disease. However, the
24 risk factors account for only 73% and 52% of global mortality and lost DALYs in 2004,
respectively. A more complete accounting would have involved additional risks which, if
anything, would probably have dropped global warming even lower in the rankings.
Thus, WHO (2009) reaffirms the earlier result, namely, numerous other health risks currently
outrank global warming.

Health Risks: Global Warming vs. Poverty80
Poverty has a much larger adverse public health impact than global warming.
An analysis of the sensitivity of the disease burden to poverty for the 24 risk factors studied in
WHO (2009) indicates that 99.4% of the death and disease attributed to the ten most sensitive
risk factors were in developing countries (Ref. 80).* These risks are: global warming,
underweight (largely synonymous with chronic hunger); zinc deficiency; Vitamin A deficiency;
unsafe sex; unsafe water, sanitation and hygiene; unmet contraceptive needs; indoor smoke
from solid fuels; sub‐optimal breast feeding; and iron deficiency. Cumulatively, WHO (2009)

*

Sensitivity was determined for each risk factor using the ratio of its disease burden per capita for low‐income
countries to that of lower‐middle‐income countries.80
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attributes 11.4 million deaths and 384 million lost DALYs to these ten poverty‐related risks,
which are 70–80‐times larger than global warming. That is, current health effects of warming
range from small to trivial compared with many other poverty‐related health risks (see Figure
2). Second, a small increase in poverty would lead to a disproportionately large increase in
death and disease in general.
Equally important, the global warming burden is the most sensitive to poverty. According to
WHO (2009), only 100 (or 0.08%) of the 141,300 global deaths from warming in 2004 occurred
in industrialized countries. Similarly, only 0.06% of the disease burden from warming was in
industrialized countries. Thus, a reduction in poverty should drastically reduce warming’s health
impact.
Moreover, improvements in public health, for which life expectancy is perhaps the best
surrogate, are associated with greater economic development.41,43,48 Global life expectancy had
been stuck for millennia at around 25 years but, as shown in Figure 3, it finally began to
increase in the late 18th century along with economic development (measured by GDP per
capita).48,94 Concurrently, CO2 emissions also started rising.95,96 Global life expectancy currently
is 69 years.97
That global improvements in public health are associated with increases in CO2 emissions is
hardly surprising: Since the start of the Industrial Revolution economic growth has been largely
underwritten by greater energy use in all sectors of human activities, including the agricultural,
manufacturing, transportation, service, and residential sectors. Willy‐nilly, the increase in
energy usage for the past two centuries is practically synonymous with fossil fuels. The long
19

term increase in life expectancy can, in effect, be viewed as a result of sustained reductions in
poverty due to economic growth, and associated technological improvements directly or
indirectly related to public health.41,43,48 Hence, if greenhouse gas emission controls reduce
economic growth, that would retard poverty reduction. 27,30,98,99 For example, according to one
estimate,80 increased biofuel production since 2004 may have increased deaths by 192,000 and
disease by 6.7 million lost DALYs (in 2010) by modestly increasing poverty.*
Because the health impact of poverty‐related health risks is 70–80 times greater than for
warming, it may be several decades before such increases in death and disease from emission
controls are offset by any reductions from lower warming, especially considering the inertia of
the climate system.

Future Global Warming Health Impacts in Perspective
There are no studies that project future death and disease for a group of health risks that also
includes global warming. Consequently, Goklany10,78 drew upon the Fast Track Assessments
(FTAs) to estimate warming’s contribution to total mortality in 2085 from “key areas of risk”,

*

It has been argued that the health co‐benefits of GHG reductions (e.g., due to reduction in traditional air
pollutants such as particulate matter) are substantial and would improve the benefit‐cost ratio of GHG emission
reductions. While this is true, the problem with this argument is that societies are already capturing these benefits
at a fraction of the cost of GHG reductions, and it would make eminent sense if they were captured on their own
merits rather than through reductions in GHGs. The argument is akin to insisting that one should be happy to
spend $100,000 on an over‐priced white elephant, if it is bundled with a TV worth $1,000. So why pay, in effect,
$99,000 for the white elephant, unless it can be shown that it is worth at least $99,000? To sustain the argument
that it makes sense to buy both TV and white elephant, one has to be able to show that once the costs and
benefits of the TV by itself have been subtracted from the costs and benefits of the entire package, the residual
benefits would exceed the residual costs.
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specifically, hunger, malaria, and extreme weather events (for which coastal flooding was used
as a surrogate).* However, as already emphasized, there are substantial uncertainties and
systematic biases that tend to overestimate impacts associated with the FTA estimates

Contribution of Global Warming to Future Deaths from Key Climate‐sensitive
Health Risks
Figure 1 suggests that even if one assumes no technological improvements after 1990, adaptive
capacity for the average developing country should in 2100 substantially exceed current levels
under any IPCC scenario.41,42 Moreover, regardless of the scenario, there should be few, if any,
people living in absolute poverty as currently defined ($1.25 per day in 2005 US dollars, or $456
per year). In fact, ceteris paribus, absolute poverty is most likely to be eradicated under the
wealthiest scenario (A1FI), which is also the warmest scenario. Under this scenario, net GDP per
capita in developing countries ($62,000) in 2100 would be double the U.S.’s in 2006 ($30,000).42
Thus, all else being equal, by the latter part of this century, death and disease from global
warming should be substantially diminished, if not eliminated, because warming worsens
poverty‐related health risks instead of creating new ones (see Table 2). The FTA studies,

*

To put these risks in context, in 2004, hunger (approximated by “underweight” in Figure 2) accounted for 2.2
million deaths and malaria for 890,000 deaths. On average (2000–04), there were 19,000 deaths from all extreme
weather events (Ref. 52). Malaria accounted for the bulk of deaths (83%) attributed in 2004 collectively to malaria,
tropical diseases, dengue, Japanese encephalitis, trachoma, and intestinal nematode infections (Ref. 119). Hence
malaria can be considered to be a proxy for a wide variety of tropical vector‐borne diseases.
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however, largely miss this reduction because of their inadequate treatment of increases in
adaptive capacity.
For example, the FTA’s malaria study essentially froze adaptive capacity at base year (1990)
level through 2085.19 However, Tol and Dowlatabadi have estimated that malaria is functionally
eliminated if average GDP per capita exceeds $3,100 (also in 1990 US$).98 Therefore, by 2085,
malaria should be virtually eliminated (as should most, if not all, 37 health conditions listed in
Table 2).
The FTA’s hunger analysis17 is probably less prone to systematic error. It allows for increases in
fertilization and irrigation because of economic development, and modest annual yield
increases from the base year. However, it does not consider any new post‐early‐1990s
technologies that could be designed to specifically cope with or take advantage of climate
change.9 But agricultural technologies have already evolved substantially since then. Consider,
for example, the penetration of genetically modified crops, and improvements in precision
agriculture even in developing countries.100,101,102 Consider also the spectacular advances in
communications, a key determinant of adaptive capacity (particularly with respect to extreme
weather events and weather‐related human activities, e.g., farming): From 1990–2009,
Internet users in Sub‐Saharan Africa increased from 0 to 74 million, and cell phone users went
from 0% to 37% of the population.97
Disregarding the FTAs’ tendency to systematically overestimate net adverse impacts, Goklany
used their results to estimate the future (2085) contribution of global warming to mortality
from malaria, hunger, and extreme weather events (using coastal flooding as a surrogate).78
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Specifically, he used (a) the FTA’s estimates of populations at risk (PARs) in the base year (1990)
from hunger,17 malaria,18* and coastal flooding,23 and (b) the corresponding mortality estimates
for the early 1990s from the WHO (for hunger and malaria) and the International Disaster Data
Base (EM‐DAT) (for extreme weather events) to estimate the coefficients of proportionality
between the respective PARs and deaths.78 These coefficients were then applied to the FTA’s
corresponding PAR estimates for these health risks with (and without) global warming to
estimate mortality for 2085 with (and without) warming under each scenario.103
Summing the mortality estimates with and without climate change from these climate‐sensitive
health risks, Goklany estimated that global warming would contribute no more than 7%–13%
to total mortality from malaria, hunger, and extreme weather events in 2085 (see Figure 4).78
The above calculation used Parry et al.’s hunger results that included CO2 fertilization, which
indicated that in 2085 climate change would be responsible for 21% of the total PAR for hunger
under the A1FI scenario.17 [This compares to 14% estimated by Fischer et al.104 and 11%–14%
estimated by Tubiello and Fischer105 in 2080, both under the A2 (poorest‐but‐most‐populous)
scenario.] Long and coworkers contend that yield increases due to CO2 fertilization should be
half that estimated by Parry et al. because its estimates were based on growth chambers
studies which consistently overestimate yield increases relative to FACE experiments.106,107,108
They argue that the scale of growth chambers is unrealistically small and they lack the
*

Because van Lieshout et al.19 which reported on the more recent FTA study for malaria, neglected to provide
estimates of the populations at risk (PAR) of malaria in the absence of global warming, Goklany (Ref. 78) used the
results of the previous FTA malaria study.18 That study provided estimates of PAR in 2085 in (a) the absence of
warming and (b) a warming of 3.2 °C. Per Refs. 9 and 10, it was also assumed that the additional population at risk
due to global warming varies with the square of the global temperature change in order to develop estimates
consistent with the temperature increases estimated under the various IPCC scenarios.
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“potentially limiting influence of pests, weeds, nutrients, competition for resources, soil water
and air quality, [which] may overestimate field responses on the farm.”107 However, much of
farming is devoted to controlling exactly these kinds of negative influences on yields. And such
control would be more feasible as societies become wealthier (see Figure 1) and technology
advances. Also, it is unclear whether the CO2 distribution around plants in a FACE set‐up
realistically represents the distribution in a higher CO2 world, and whether that would affect
results.
Also, Bloom et al. showed that CO2 enrichment inhibited the assimilation of nitrate into organic
nitrogen compounds which may be largely responsible for carbon dioxide acclimation, and
decrease in photosynthesis and growth of C3 plants.109 But this may also be addressed through
more intensive fertilizer management. Regardless, if these assessments are correct, then at
least a portion of the overestimation of PAR for hunger due to the imperfect treatment of
adaptive capacity could be offset.
To summarize, warming is unlikely to be among the most important risks to public health now
or in the foreseeable future.

WATER STRESS
The possibility of water shortages leading to droughts and hunger are recurring themes in the
climate change literature.31,33 However, several global impact studies indicate that warming
may reduce net global PAR for water stress.
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Deaths from droughts are probably the best indicator of the socioeconomic impact of such
water shortages. However, since the 1920s despite a more‐than‐tripling of the global
population, deaths and death rates from droughts have declined by 99.97% and 99.99%,
respectively.50
Yet another concern is access to safer water. But between 1990 and 2008, although global
population increased 27%, the percentage of global population with such access increased from
76.8% to 86.8%. This translates into an additional 1.8 billion people gaining access to safer
water over this period.110,111 Simultaneously, 1.3 billion more people got access to improved
sanitation.
Even in Sub‐Saharan Africa the population with access to improved water sources increased
from 48.9% to 59.7% from 1990–2008, which translates into 240 million additional people.
Such improvements attest to the fact that despite any warming, climate‐sensitive indicators of
human well‐being can and have advanced. That is, human adaptive responses have more than
offset any possible deterioration from warming.
Regarding the future, Figure 5 provides estimates of the global PAR for water stress in 2085
from the FTA water resources analysis.21 It displays changes in PAR due to climate change alone
and total PAR after climate change. Despite totally ignoring autonomous adaptations which,
therefore, overestimates net adverse impacts, the FTA study indicates that warming could, as
previously noted, reduce net global PAR for water stress.78 This occurs because warming
should increase global precipitation, and although some areas may receive less precipitation,
other, more populated areas are, serendipitously, projected to receive more.
25

Other studies, e.g., Oki and Kanae’s review of global freshwater impact studies, also suggest a
net decline in water stress due to warming112. Similarly, Alcamo et al.26 found that by 2050,
relative to current conditions, water stress would increase in 62%–76% of total global river
basin area but decrease in 20%–29% under the A2 and B2 scenarios. However, in only 10% of
the area would climate change be the principal cause of the increasing stress. In the other 90%,
it would be higher water withdrawals. On the other hand, climate change would be the major
factor in most of the area (approximately 50–80%) experiencing decreasing stress.
More recently, van Vuuren et al.34 found that net PAR for water stress would decline in 2100
under a scenario corresponding to a global temperature increase of 3.5 °C above the 1960‐1990
average. This analysis also ignored changes in adaptive capacity which, as noted, overestimates
increases in the water‐stressed population while underestimating declines. Using a similar
methodology, Arnell et al.’s (2011)113 results also show that the net increase in the water‐
stressed population from 2000 to 2100 would be dominated by non‐climate change factors by
at least three to one (relative to warming). They also show that climate change may not
increase the net water‐stressed population through 2100 (relative to “no climate change”).
Similarly, even after mitigation to limit the average global temperature increase to 2°C, the net
water‐stressed population may be higher relative to the “no climate change” case. Equally
importantly, mitigation may actually increase the net water‐stressed population over the
unmitigated climate change scenario.
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Thus warming is not the paramount determinant of the population at risk of water stress
through the foreseeable future. More significantly, climate change may over the foreseeable
future solve more water‐related problems than it would create.

ECOLOGICAL IMPACTS
Despite concerns about the ecological impacts of warming, the FTA studies suggest that it may
actually reduce existing stresses on ecosystems and biodiversity through 2085–2100.
Table 4, provides FTA results for 2085–2100 regarding the variation in three specific ecological
indicators across the different IPCC scenarios.23,25 One indicator is the net biome productivity (a
measure of the terrestrial biosphere’s net carbon sink capacity). The second indicator is the
area of cropland (a crude measure of the amount of habitat converted to human use; the lower
it is, the better is it for maintaining biodiversity and ecosystems). Such land conversion to
agriculture is perhaps the single largest threat to global terrestrial biodiversity.114,115 The third
indicator is the global loss of coastal wetlands relative to 1990 levels.
The table shows that biosphere’s sink capacity under each scenario would be higher in 2100
than in the base year (1990), largely due to higher CO2 concentrations and because these
effects were not projected to be overridden by the negative effects of higher temperatures
over that period. For the same reasons, global sink capacity would be higher for the A1FI and
A2 scenarios.
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Partly for the same reasons and its lower population compared to other scenarios, the amount
of cropland in 2100 would be lowest for the A1FI world. This is followed by the B1 and B2
worlds. [Levy et al. did not provide cropland estimates for the A2 scenario.] Thus, through 2100
the warmest (A1FI) scenario would have the least habitat loss and, therefore, pose the smallest
risk to terrestrial biodiversity and ecosystems, while the B2 scenario would pose the greatest
risk to habitat, biodiversity and ecosystems.
Regarding coastal wetlands, although losses due to sea level rise (SLR) are substantial, the
contribution of global warming to total losses in 2085 are smaller than losses due to subsidence
from other man‐made causes.23 Table 4 shows that wetland losses are much higher for the A1FI
and A2 scenarios than for the B1 and B2 scenarios. This is, however, due mainly to the
assumption that the first two scenarios would have higher non‐climate change related
subsidence (Ref. 23, p. 76) but this assumption is questionable.9

SYNTHESIS OF IMPACTS ON KEY DETERMINANTS OF WELL‐BEING
The foregoing analysis compared the impacts of global warming through the foreseeable future
against the impacts of other factors on key determinants of human and environmental well‐
being.
Regarding human health, WHO (2009) estimates indicate that global warming is presently
outranked by at least 22 other health risk factors (Figure 2). By 2085, despite using impacts
estimates that tend to overestimate net negative impacts, warming is projected to contribute
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less than one‐seventh of the total mortality from hunger, malaria and extreme weather events
even under the warmest IPCC scenario (Figure 4). Thus, global warming is unlikely to be the
most important health risk facing mankind through the foreseeable future notwithstanding
claims to the contrary.75,78
With respect to water stress, despite massive population growth, the share of global population
with access to safe water and improved sanitation currently continues to increase, and deaths
from drought have declined by 99.9% since the 1920s. In the future, water‐stressed populations
may increase, but largely due to non‐climate change factors. Moreover, warming, by itself, may
reduce net water‐stressed population (Figure 5). Aggressive mitigation to limit the global
temperature increase to 2 °C may, furthermore, increase net water‐stressed population,
relative to the “unmitigated climate change” case.113
Regarding ecological impacts through 2100, global warming might (a) increase net biome
productivity, which translates into greater vegetation and net carbon sink capacity; and (b)
decrease the amount of habitat converted to human use, which would reduce pressures on
biodiversity and ecosystems (Table 4). However, coastal wetlands are projected to be further
reduced, but more because of non‐climate change factors than climate change (Table 4).
These results also indicate that if climate were to be rolled back and frozen at its 1990 level—
something that is infeasible with current technology without also risking rolling back economic
development and increasing poverty to levels corresponding to pre‐World War II levels*—then

*

Assuming it takes, say, four decades for global temperatures to reach equilibrium with CO2 levels, stabilizing
climate at 1990 levels implies limiting CO2 levels at the 1950 level. However, global population has much more
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in 2085, mortality from malaria, hunger and extreme weather events would be reduced by no
more than 13%, the net water‐stressed population might increase globally, and threats to
biodiversity and ecosystems might, likewise, increase.
Thus, in aggregate, although climate change may be important, other factors would have a
much greater net adverse impact on human and environmental well‐being through the
foreseeable future.

FUTURE NET GDP PER CAPITA AND HUMAN WELL‐BEING IN A WARMING WORLD
The above conclusion is reinforced by estimates of future net GDP per capita. Figure 1 indicates
that net GDP per capita in both developing and industrialized countries should be highest under
the richest‐but‐warmest (A1FI) scenario and lowest under the poorest‐but‐most‐populous (A2)
scenario at least through 2200.
It has been shown elsewhere, that improvements in a variety of direct or indirect indicators of
human well‐being are correlated with GDP per capita.41,43,48 These indicators include life
expectancy, infant mortality, food supplies per capita, absence of malnutrition, educational
attainment, access to safe water and sanitation, health expenditures, and research and
development expenditures. For most of these indicators, the relationship is logarithmic in GDP
per capita. Notably, the UN Development Program’s (UNDP’s) most commonly used Human
than doubled since then (Figure 3). Thus, stabilizing climate at 1990 levels would require reducing CO2 emissions
per capita—and GDP per capita—to pre‐World War II levels, which risks reducing economic development and
increasing the share of population in absolute poverty also to pre‐World War II levels, barring a clean technology
revolution that has, so far, eluded humanity. See Figure 3.

30

Development Index (HDI)116— which was developed as an indicator of human well‐being that
would supplement, if not supplant, GDP per capita117—is also correlated with (a) GDP per capita
with a correlation coefficient of 0.74, and (b) logarithm of GDP per capita with a coefficient of
0.94 (based on cross country data for 2009).118 This is to be expected because not only is the
logarithm of per capita GDP (or income) a component of HDI, the other two components are
life expectancy and an educational factor,* both of which are themselves correlated with the
logarithm of GDP per capita.41,48
Accordingly, GDP per capita should itself serve as an approximate indicator for human well‐
being. And since the Stern Review estimates include losses from market effects, non‐market
effects from environmental and public health impacts, and the risk of catastrophe, the net GDP
per capita shown in Figure 1 should also serve as a useful but imperfect indicator of human
well‐being that fully considers the effects of unmitigated warming.
In any case, because climate change impacts assessments as a rule do not provide projections
of life expectancy and educational factors that could be employed to estimate HDI, future net
GDP per capita, despite its imperfections, is perhaps the best one can do for an indicator of
future human well‐being that also accounts for the impacts of warming.
Figure 1, therefore, indicates that if humanity has a choice, it ought to strive for the
developmental path corresponding to the richest scenario notwithstanding any associated
global warming.
*

The HDI has evolved over time. Until 2010 the wealth factor was based on GDP per capita, when it was replaced
by gross national income per capita. The education factor was also modified in 2010. This factor is currently
derived from a combination of adult literacy and gross enrollment in schools.115
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This should, moreover, have additional knock‐on benefits. First, adaptive capacity should be
highest under the wealthiest scenario, ceteris paribus.41 Thus, society’s ability to cope with (or
take advantage of) any global warming ought to be highest under this scenario. [Note that the
upper bound estimates of damages from unmitigated climate change are already factored into
the derivation of net GDP per capita.] Second, the health impact of global warming should be
least under the richest scenario because this impact is related to poverty, and poverty is most
likely to be eliminated—and eliminated sooner—under this scenario. Third, many health risks
that currently rank higher than global warming are also poverty‐related (Figure 2). More
importantly, the cumulative contribution of various poverty‐related diseases to global death
and disease is 70–80 times greater than warming. But these diseases are also most likely to be
eradicated under the wealthiest‐but‐warmest scenario. Fourth, mitigative capacity should also
be highest under the wealthiest scenario.41
Finally, the wealthiest scenario should also have the highest adaptive and mitigative capacities
to address not just climate change but any other problem. As shown elsewhere,41,43,48 the
determinants of human well‐being improve with economic and technological development. The
relationship is somewhat more complex for environmental determinants: initially these
determinants deteriorate, but then go through an “environmental transition” after which they
begin to improve, with development.43,48 This is why the wealthiest countries generally have a
cleaner environment, greater reversion of agricultural lands to nature and, de facto, more
stringent environmental protections than developing countries (consistent with the notion that
wealthier countries have greater political will). Given the projections of net GDP per capita
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(Figure 1), all countries are more likely to be on the right side of the environmental transition by
2100, particularly under the warmest scenario.
A corollary to this is that if greenhouse gas policies effectively increase poverty, e.g., by slowing
economic growth or increasing the prices of basic needs (such as food to adequately fulfill the
body’s energy requirements or fuel to maintain safe ambient conditions) then the resulting
mortality increases might, given the climate system’s inertia, exceed any reductions in these
health effects due to GHG reductions for decades.
A case in point is biofuels. Much of the increase in biofuel production is the result of policies
designed to displace fossil fuel consumption, partly due to the perceived need to limit GHG
emissions. This has had the unintended consequence of increasing food prices and, indirectly,
hunger and poverty in developing countries. The increase in poverty due to increased biofuel
production since 2004 in response to such policies is estimated to have increased deaths in
2010 by 192,000 and disease by 6.7 million lost DALYs78 which exceeds the 141,000 deaths and
5.4 million lost DALYs attributed to warming.79
To summarize, climate change is not the world’s most important problem. Other problems have
a larger negative impact on human and environmental well‐being. Reduced economic
development, in particular, would be a bigger problem, especially for developing countries. And
if climate change policies compromise such development, they too can become problems
despite the best of intentions. On the other hand, greater economic and technological
development would help society deal not only with climate change, but other, higher priority
problems simultaneously.
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Table 1: Characteristics and Assumptions of Various Scenarios. Sources: Ref. 9, based on Refs. 21, 25,
and 44.
Scenario
A1FI

A2

B2

B1

7.9

14.2

10.2

7.9

525‐550

243

235

328

$52,600

$13,000

$20,000

$36,600

Industrialized countries

$107,300

$46,200

$54,400

$72,800

Developing countries

$66,500

$11,000

$18,000

$40,200

Rapid

Slow

Medium

Medium

Very high

High

Medium

Low

fossil intensive

regionally
diverse

“dynamics as
usual”

high
efficiency

Low‐medium

Medium‐high

Medium

High

CO2 concentration in 2085

810

709

561

527

Global temp change (°C) in
2085

4.0

3.3

2.4

2.1

Sea level rise (cm)

34

28

25

22

Population in 2085 (billions)
GDP growth factor, 1990–
2100
GDP/capita in 2085,
Global average
GDP/capita in 2100

Technological change
Energy use
Energy technologies
Land use change

Notes: (1) GDP and GDP/capita are in 1990 U.S. dollars. (2) Global temperature change is based on the
HadCM3 climate model.
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Potential Outcomes
Diarrheal diseases
Malaria
Lower respiratory infections
Measles
Pertussis
Protein‐energy malnutrition
Other unintentional injuries
Other infectious diseases
Tetanus
Birth asphyxia and birth trauma
Neonatal infections and other
Meningitis
Syphilis
Tuberculosis
Upper respiratory infections
Prematurity and low birth weight
Diphtheria
Leishmaniasis
Dengue
Japanese encephalitis
Chlamydia
Gonorrhoea
Other STDs
Poliomyelitis
Hepatitis B
Hepatitis C
Trypanosomiasis
Chagas disease
Schistosomiasis
lymphatic filariasis
Onchocerciasis
Leprosy
Trachoma
Ascariasis
Trichuriasis
Hookworm disease
Other intestinal infections
Otitis media
TOTAL

Mortality

Lost DALYs (000s)

64.9
27.0
16.7
6.2
5.6
5.0
3.0
2.4
2.3
2.1
2.0
1.9
0.9
0.4
0.2
0.2
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2,174.9
1,041.0
592.1
217.1
211.5
476.4
166.9
89.6
76.6
92.5
70.4
82.9
32.1
13.9
7.8
5.9
7.4
3.5
2.6
2.4
1.5
0.6
3.4
0.5
3.5
0.3
0.3
0.1
0.2
18.1
0.0
0.7
0.0
5.5
0.0
0.0
0.1
1.7

141.3

5,403.9

Table 2: Deaths and lost DALYs attributed to global warming by disease
or injury outcomes for the year 2004. Source: Ref. 79.
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Table 3: Excess Winter Mortality in Various Industrialized Countries. Sources: Refs. 81–87.

Excess Winter
Mortality

Basis

Years for data

Source

(deaths per year)
US

108,500

2008

2008

US NCHS (2009,2010)85,86

Canada

10,266

2007

2007

Statistics Canada (2011)87

England &
Wales

25,400

winter of
2009‐2010

2009‐2010

UKONS (2011)82

Australia

6,779

2008

2008

Australian Bureau of
Statistics (2009)83

New Zealand

1,532

2008

2008

Statistics New Zealand
(2010)84

Japan

50,887

avg

2006‐07

Falagas et al. (2009) 81

France

24,938

avg

1995‐2006 exc
2004

Falagas et al. (2009) 81

Italy

37,498

avg

1950‐2007

Falagas et al. (2009) 81

Spain

23,645

avg

1960‐70, 1975‐
2007

Falagas et al. (2009) 81

Sweden

4,034

avg

1987‐2007

Falagas et al. (2009) 81

Greece

5,820

avg

1960‐2005

Falagas et al. (2009) 81

Cyprus

317

avg

1996, 1998‐2000,
2002‐2006

Falagas et al. (2009)81

NOTE: Winter months = Jan, Feb, Mar, Dec in Northern Hemisphere; Jun, Jul, Aug, Sep in Southern
Hemisphere
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Table 4: Ecological indicators under different scenarios, 2085‐2100. Sources: Ref. 9, based on Refs. 23,
25, and 44.

Global temperature
increase (ΔT) (in 2085)a

o

C

Baseline

A1FI

A2

B2

B1

1990

(warmest)

0

4.0

3.3

2.4

2.1

(coolest)

Global population (in 2085)a

billions

5.3

7.9

14.2

10.2

7.9

GDP/capita, global average
(in 2085)a

$/capita

3.8

52.6

13.0

20.0

36.6

CO2 concentration (in
2100)b

ppm

353

970

856

621

549

Net Biome Productivity
with climate change (in
2100)b

Pg C/yr

0.7

5.8

5.9

3.1

2.4

Loss of habitat to cropland
with climate change (in
2100)b

% of global
land area

11.6%

5.0%

NA

13.7%

7.8%

Losses due only to % of current
sea level rise area

NA

5 ‐ 20%

3 ‐ 14%

3 ‐ 15%

4 ‐ 16%

Losses due to % of current
other causes area

NA

32 ‐ 62%

32 ‐ 62%

11 ‐ 32%

11 ‐ 32%

% of current
area

NA

35 ‐ 70%

35 ‐ 68%

14 ‐ 42%

14 ‐ 42%

Global losses of coastal wetlands (in 2085)c

Combined losses
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thousands of 1990 US$

$160
$140
$120
$100
$80
$60
$40
$20
$0

$139

Developing

$132

Industrialized

$99

$95

$86
$71

$62

$53

$44
$14
$1

Actual
1990

$10

A1FI

$73

$70

$39

$32

$18

A2

B2
2100

$17

B1

A1FI

A2

B2

B1

2200

Figure 1: : Net GDP per capita, 1990‐2200, after accounting for the upper bound estimates of losses
due to global warming for four major IPCC emission and climate scenarios. For 2100 and 2200, the
scenarios are arranged from the warmest (A1FI) on the left to the coolest (B1) on the right. The average
global temperature increase from 1990 to 2085 for the scenarios are as follows: 4°C for AIFI, 3.3°C for
A2, 2.4°C for B2, and 2.1°C for B1. For context, in 2006, GDP per capita for industrialized countries was
$19,300; the United States, $30,100; and developing countries, $1,500. Source: Ref. 42.

39

Figure 2: Ranking
R
globa
al public heallth priorities based on mo
ortality (rightt hand panel) and disabilitty‐
adjusted life years (DALLYs) lost prem
maturely (leftt hand panel)) in 2004 for 224 health riskk factors. Thee total
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e
bar indicates the maggnitude of deaaths or lost D ALYs globallyy to the speciffic health riskk factor.
For developing countrie
es, the rankingg of global waarming is uncchanged, wheereas for indu
ustrialized cou
untries,
it would rank second lasst on the basiis of deaths, and
a 4th last oon the basis o
of lost DALYs. Source: Ref. 80,
based on Ref.
R 79.
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10,000
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37] The vertical bars indicate the PARs based on the mid‐point estimates of several model runs, while
the vertical lines indicate the range of estimates. Source: Ref. 78.

42

References

1

King DA. Climate Change Science: Adapt, Mitigate, or Ignore? Science 2004, 303:176‐177.

2

Rosenthal E. U.N. Chief Seeks More Climate Change Leadership. New York Times, November 18 2007.

3

Ki‐Moon B. Sustainable development is the only way out of the world’s crisis. Taipei Times. October 24 2008.

4

UPI. U.N. hails Bolivian climate efforts. May 10, 2010. http://www.upi.com/Business_News/Energy‐
Resources/2010/05/10/UN‐hails‐Bolivian‐climate‐efforts/UPI‐53381273499314/print/#ixzz1Mx6OW4VY (accessed
July 7 2011).
5

Gronewold, N. (2011). NATIONS: Ban Ki‐moon way ahead in the U.N. race to replace himself. ClimateWire.
http://www.eenews.net/climatewire/2011/06/07/6/ (accessed June 7 2011).
6

Olsen JM. Clinton: Beware of Global Warming. Orlando Sentinel 2005, May 18.
http://www.orlandosentinel.com/orl‐asecwarming18051805may18,0,4343566.story?coll=orl‐home‐headlines. On
file with author.
7

Cordis News. Reducing global warming is our priority, say Chirac and Blair, November 19 2004. On file with
author.
8

McNicoll T. The President’s Passion Play. Newsweek, February 18 2008. http://www.newsweek.com/id/109547
(accessed December 29 2011).
9

Goklany IM. Is a Richer‐but‐warmer World Better than Poorer‐but‐cooler Worlds? Energy & Environment 2007,
18 (7 and 8):1023–1048.
10

Goklany IM. Is climate change the "defining challenge of our age"? Energy & Environment 2009, 20(3):279‐302.

11

Lorenzoni I, and Adger WN. Critique of Treatments of Adaptation Costs in PAGE and FUND Models. In: Warren,
R. et al. eds. Spotlighting Impacts Functions in Integrated Assessment Models, Tyndall Centre for Climate Change
Research Working Paper 91, Norwich, 2006, 72–79. See p.74.
12

Parry ML, Livermore M., eds. A new assessment of the global effects of climate change. Global Environmental
Change 1999, 9:S1–S107.
13

Arnell NW, Cannell MGR, Hulme M, Kovats RS, Mitchell JFB, Nicholls RJ, Parry ML, Livermore MTJ, White A. The
consequences of CO2 stabilization for the impacts of climate change. Climatic Change 2002, 53:413–46.
14

Parry ML, ed. Special issue: an assessment of the global effects of climate change under SRES emissions and
socio‐economic scenarios. Global Environmental Change 2004, 14:1–99.
15

Parry M, Arnell N, McMichael T, Nicholls R, Martens P, Kovats S, Livermore M., Rosenzweig C, Iglesias A, Fischer
G. Millions at risk: defining critical climate change threats and targets. Global Environmental Change 2001, 11:181–
83.
16

Parry M, Rosenzweig C, Iglesias A, Fischer G, Livermore M. Climate change and world food security: a new
assessment. Global Environmental Change‐Human and Policy Dimensions 1999, 9:S51–S67.
17

Parry ML, Rosenzweig C, Iglesias A, Livermore M, and Fischer G. Effects of climate change on global food
production under SRES emissions and socio‐economic scenarios. Global Environmental Change 2004, 14(1):53–67.

43

18

Martens P, Kovats RS, Nijhof S, De Vries P, Livermore MTJ, Bradley DJ, et al. Climate change and future
populations at risk of malaria. Global Environmental Change 1999, 9:S89–S107.
19

van Lieshout M, Kovats RS, Livermore MTJ, Marten P. Climate change and malaria: analysis of the SRES climate
and socio‐economic scenarios. Global Environmental Change 2004, 14(1):87–99.
20

Arnell NW. Climate change and global water resources, Global Environmental Change 1999, 9:531–549.

21

Arnell NW. Climate change and global water resources: SRES emissions and socio economic scenarios. Global
Environ Change 2004, 14:31–52.
22

Nicholls R. The Impacts of Sea Level Rise.
http://www.metoffice.com/research/hadleycentre/pubs/brochures/B1999/imp_sea_rise.html (accessed
December 4 2002).
23

Nicholls RJ. Coastal flooding and wetland loss in the 21st century: changes under the SRES climate and socio‐
economic scenarios. Global Environmental Change 2004, 14(1):69‐86.
24

White A, Cannell, MGR, Friend AD. Climate change impacts on ecosystems and the terrestrial carbon sink: a new
assessment. Global Environmental Change 1999, 9:S21–S30.
25

Levy PE, Friend AD, White A, Cannell MGR. Modelling the impact of future changes in climate, CO2 concentration
and land use on natural ecosystems and the terrestrial carbon sink. Global Environmental Change 2004, 14 (1):21–
30.
26

Alcamo J, Flörke M, Märker M. Future long‐term changes in global water resources driven by socio‐economic
and climatic changes. Hydrological Sciences Journal 2007, 52 (2):247–275.
27

Goklany IM. Relative Contributions of Global Warming to Various Climate Sensitive Risks, and Their Implications
for Adaptation and Mitigation. Energy & Environment 2003, 14:797–822.
28

IPCC. Government and Expert Review of Second Order Draft Specific Comments, Expert Review Comments,
Summary For Policy Makers. IPCC, Geneva, 2006.
29

Note that in the following I will not discuss the issue of equity, even though it is an important issue. It would be
outside the scope of this paper and, moreover, deserves a treatment of its own. See : O’Brien K, St. Clair AL,
Kristoffersen B, eds. Climate Change, Ethics and Human Security. Cambridge University Press, Cambridge, 2010.
30

Goklany IM. Potential Consequences of Increasing Atmospheric CO2 Concentration Compared to Other
Environmental Problems. Technology 2000, 7S:189‐213.
31

IPCC. Climate change 2001. Impacts, adaptation, and vulnerability, Contribution of working group II to the fourth
assessment report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge,
2001. See pp. 957–8.
32

IPCC. Special Report on Emissions Scenarios. Cambridge University Press, Cambridge, 2000.

33

IPCC. Climate change 2007. Impacts, adaptation, and vulnerability, Contribution of working group II to the fourth
assessment report of the Intergovernmental Panel on Climate Change. In: Parry ML, Canziani OF, Palutikof JP, van
der Linden PJ, eds. Cambridge University Press, Cambridge, 2007.

44

34

van Vuuren DP, Isaac M, Kundzewicz ZW, Arnell N, Barker T, Criqui P, Berkhout F, Hilderink H, Hinkel J, Hof A,
Kitous A, Kram T, Mechler R, Scrieciu S. The use of scenarios as the basis for combined assessment of climate
change mitigation and adaptation. Global Environmental Change 2011, 21:575–591.
35

US Global Change Research Program. 2009. Global Climate Change Impacts in the United States, Cambridge
University Press, 2009. Cambridge University Press, Cambridge, page 18.
36

Goklany IM. 2009. Trapped Between the Falling Sky and the Rising Seas: The Imagined Terrors of the Impacts of
Climate Change. University of Pennsylvania Workshop on Markets & the Environment, December 13 2009.
37

IPCC. Climate Change 2007: The Physical Science Basis. Cambridge University Press, Cambridge, 2007, page 17.

38

Oreskes N, Shrader‐Frechette K, Belitz K. Verification, validation, and confirmation of numerical models in the
earth sciences. Science 1994 4 February;263:641‐6 .
39

Carter TR, Jones RN, Lu X, et al. 2007. New assessment methods and the characterisation of future conditions, p.
136, footnote 2. In: Ref. 33.
40

US Climate Change Science Program. 2008. Climate Models: An Assessment of Strengths and Limitations. U.S.
Climate Change Science Program and the Subcommittee on Global Change Research, Washington, D.C., p 52. See
also p. 3.
41

Goklany IM. Integrated strategies to reduce vulnerability and advance adaptation, mitigation, and sustainable
development. Mitigation and Adaptation Strategies for Global Change 2007;doi:10.1007/s11027‐007‐9098‐1.
42

Goklany IM. Discounting the Future. Regulation 2009 (Spring) 32:36‐40.

43

Goklany IM. Have increases in population, affluence and technology worsened human and environmental well‐
being? Electronic Journal of Sustainable Development 2009, 1(3).
44

Arnell NW, Livermore MJL, Kovats S, et al. Climate and socio‐economic scenarios for global‐scale climate change
impacts assessments: characterising the SRES storylines. Global Environmental Change 14 (2004) 3–20.
45

Stern N. The Economics of Climate Change. Her Majesty’s Treasury, London, 2006.

46

Tol RSJ. The Social Cost of Carbon: Trends, Outliers and Catastrophes. Economics—the Open‐Access, Open‐
Assessment E‐Journal 2008, 2(25):1–24.
47

Carter RM., De Freitas CR, Goklany IM, Holland D, Lindzen RS. Climate change. Climate science and the Stern
Review, World Economics 2007, 8:161–182.
48

Goklany IM. The Improving State of the World. Cato Institute, Washington, DC, 2007. See pp. 214–5.

Becker GS. Human Capital. In: Henderson DR. Concise Encyclopedia of Economics, 2nd ed., 2007.
http://www.econlib.org/library/Enc/HumanCapital.html (accessed December 26 2011).

49

50

Goklany IM. Deaths and Death Rates from Extreme Weather Events: 1900‐2008. Journal of American Physicians
and Surgeons 2009, 14 (4):102–09.
51

Anbarci N, Escaleras M, and Register C A. Earthquake fatalities: the interaction of nature and political economy,
Journal of Public Economics, 2005, 89 (9‐10): 1907‐1933.

45

52

Goklany IM. Death and Death Rates Due to Extreme Weather Events: Global and U.S. Trends, 1900–2006, in The
Civil Society Report on Climate Change, 2007, 12.
53

Castello LD, Gil‐Gonzalez D, Diaz CA‐D, Hernandez‐Aguado I. The Environmental Millennium Development Goal:
progress and barriers to its achievement. Environmental Science & Policy, 2009, doi:10.1016/j.envssci.2009.12.001.
54

Keefer P, Neumayer E, and Plümper T. Earthquake Propensity and the Politics of Mortality Prevention. World
Bank Policy Research Working Paper No. 5182. 2010.
55

Kahn M. The Death Toll from Natural Disasters: The Role of Income, Geography, and Institutions. Review of
Economics and Statistics 2005, 87(2): 271–284.
56

Sen, AK. Poverty and Famine: An Essay on Entitlement and Deprivation, Oxford University Press, Oxford, U.K.,
2010.
57

Scruggs L, and Benegal S. Declining public concern about climate change: Can we blame the great recession?
Global Environmental Change, 2012; DOI: 10.1016/j.gloenvcha.2012.01.002
58

Kahn ME, and Kotchen MJ. Environmental Concern and the Business Cycle: The Chilling Effect of Recession.
National Bureau of Economic Research Working Paper No. 16241, 2010.
59

Broder JM. Climate Talks in Durban Yield Limited Agreement. New York Times 2011, December 11.
http://www.nytimes.com/2011/12/12/science/earth/countries‐at‐un‐conference‐agree‐to‐draft‐new‐emissions‐
treaty.html (accessed December 31 2011)
60

It is unclear whether or to what extent the attitudes of these decision makers are shared by other segments of
their societies. See, for example, Lahsen M. A science‐policy interface in the global South: The politics of carbon
sinks and science in Brazil. Climatic Change 2009;97(3):339‐72.
61

Allen K. Canada Should Be Shunned for Kyoto Ignorance. Der Spiegel. December 14 2011.
http://www.spiegel.de/international/world/0,1518,803670,00.html (accessed January 3 2012).
62

Lang S. Japanese parliamentarians reject an extension to the Kyoto Protocol. Reporting Development Network
Africa. December 6 2011. http://reportingdna.org/blogs/?p=1594 (accessed January 3 2012).
63

Parker L. Blodgett J, Yacobucci BD. U.S. Global Climate Change Policy: Evolving Views on Cost, Competitiveness,
and Comprehensiveness. Congressional Research Service 2010.
http://www.cnie.org/nle/crsreports/10Jul/RL30024.pdf (accessed January 3 2012).
64

National Centre for Social Research. Environment — Concern about climate change: a paler shade of green? The
British Social Attitudes Survey 28: 2011–12 Edition. London, Sage Publications, 2011, pp. 91–110.
65

Puliese A, and Ray J. Fewer Americans, Europeans View Global Warming as a Threat. Gallup April 20 2011.
http://www.gallup.com/poll/147203/fewer‐americans‐europeans‐view‐global‐warming‐threat.aspx (accessewd
January 3 20120.
66

WHO. World health report 2002 statistical annex. WHO, Geneva, 2002.

46

67

Murray CJL, Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S. Comparative quantification of health risks:
conceptual framework and methodological issues. In Comparative Quantification of Health Risks: Global and
Regional Burden of Disease due to Selected Major Risk Factors. Geneva: World Health Organization; 2004, pp.1–38.
68

The global burden of disease is calculated as the cumulative time‐weighted sum over the population of (a) the
number of years lost due to premature death from disease, and (b) the number of years spent in a disabled
condition due to disease, weighted by the severity of the disease. See, e.g., Ref. 67.
69

WHO. The Global Burden of Disease: 2004 Update. Geneva: WHO, 2008, pp. 2‐3.

70

Jamison DT, Breman JG, Meacham AR, Alleyne G, Claeson M, Evans DB, Jha P, Mills A, an Musgove P. Disease
control priorities in developing countries (2nd Edition). New York: Oxford University Press, 2006..
71

An advantage of DALYs, is that they account for mental and neurological conditions. Drawbacks, on the other
hand, include a certain amount of subjectivity introduced via the weighting factors assigned to each health
condition. These weights, moreover, are assumed to be constant across all social, cultural and environmental
contexts. Although this may be egalitarian it has been argued that it is unrealistic, underestimates the burden of
disease in disadvantaged populations while overestimating it in advantaged populations. See, e.g., Reidpath DD,
Allotey PA, Kouame A, and Cummins RA. Measuring health in a vacuum: examining the disability weight of the
DALY. Health Policy and Planning; 2003, 18(4): 351–356
72

It is also argued that DALYs shortchange the role of social, cultural and environmental factors in determining risk
perception which is necessarily a subjective exercise. See, e.g., Finkel AM. Perceiving Others’ Perceptions of Risk:
Still a Task for Sisyphus. Annals of the New York Academy of Science 2008, 1125:121–137.
73

McMichael AJ, Campbell‐Lendrum D, Kovats S, et al. Global Climate Change. In Comparative Quantification of
Health Risks: Global and Regional Burden of Disease due to Selected Major Risk Factors. World Health
Organization, Geneva, 2004, 1543–1649.
74

Patz JA, Campbell‐Lendrum D, Holloway T, Foley JA. Impact of regional climate change on human health. Nature
2005, 438:310–17.
75

Costello A, and University College London‐Institute for Global Health and Lancet Commission. Managing the
health effects of climate change. Lancet 2009, 373:1693–1733.
76

McMichael AJ, Woodruff RF, Hales S. Climate change and human health: present and future risks. Lancet 2006,
367:859–869.
77

Campbell‐Lendrum D, Woodruff R. Comparative Risk Assessment of the Burden of Disease from Climate Change.
Enviromental Health Perspectives 2006, 114:1935–1941.
78

Goklany IM. Global public health: global warming in perspective. Journal of American Physicians and Surgeons.
2009, 14 (3):69–75.

79

World Health Organization (WHO). Global Health Risks. Geneva: WHO; 2009.
http://www.who.int/healthinfo/global_burden_disease/global_health_risks/en/index.html (accessed May 8 2011).
80

Goklany IM. Could Biofuel Policies Increase Death and Disease in Developing Countries? Journal of American
Physicians and Surgeons 16 (1):9–13.

47

81

Falagas ME, Karageorgopoulos DE, Moraitis LI, Vouloumanou EK, Roussos N, Peppas G, Rafailidis PI. Seasonality
of mortality: the September phenomenon in Mediterranean countries. Canadian Medical Association Journal 2009,
181:484–6.
82

UK Office for National Statistics (UKONS). Excess Winter Mortality — Historical Data.
http://www.statistics.gov.uk/statbase/Expodata/Spreadsheets/D7090.xls (accessed 5 May 2011).
83

Australian Bureau of Statistics. 3302.0 — Deaths, Australia, 2008.
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3302.02008?OpenDocument (accessed May 11 2011).
84

Statistics New Zealand. Deaths: Table 2.5 By NZ resident deaths by occurrence year and month.
http://www.stats.govt.nz/browse_for_stats/education_and_training/tertiary%20education/unistats/products‐
and‐services/vital‐stats‐births‐and‐deaths‐data‐package.aspx (accessed June 4 2010).
85

National Center for Health Statistics (NCHS). 2007–08 data from Births, Marriages, Divorces, and Deaths:
Provisional Data for 2008. National Vital Statistics Report 2009, 57 (19), 6 pp.
86

National Center for Health Statistics (NCHS). GMWKIV, Deaths from Each Cause by Month, Race, and Sex: United
States, 1999‐2005. http://www.cdc.gov/nchs/nvss/mortality/gmwkiv.htm (accessed July 28, 2010).
87

Statistics Canada. Table 102‐0502, Deaths, by month, Canada, provinces and territories, annual.
http://www5.statcan.gc.ca/cansim/a05?lang=eng&id=1020502&paSer=&pattern=102‐0502&stByVal=1&csid=
(accessed July 10, 2011).
88

Woodhouse PR. Why Do More Old People Die In Winter? Journal of the Hong Kong Geriatric Society 1993, 3:23–
29.
89

Keatinge WR. Winter Mortality and its Causes. International Journal of Circumpolar Health 2002, 61: 292–99.

90

Douglas AS, al‐Sayer H, Rawles JM, Allan TM. Seasonality of disease in Kuwait. Lancet. 1991, 337(8754):1393–7.

91

For São Paolo, Brazil, which is at the Tropic of Capricorn, Gouveia et al. found a 2.6% increase in all‐cause
mortality per degree increase in temperature above 20 °C for the elderly, but a 5.5% increase per degree drop
below 20 °C, after adjusting for confounding factors such as air pollution; the relationships for children were
similar, but somewhat weaker for adults. See, Gouveia N, Hajat S, Armstrong B. Socioeconomic differentials in the
temperature‐mortality relationship in São Paulo, Brazil. International Journal of Epidemiology 2003; 32:390–397.
92

In Cuba—just south of the Tropic of Cancer—deaths from heart diseases and cerebrovascular diseases
accounted for 37% of all Cuban deaths from 1996–2006. These were highest in the colder months. Marie GC,
González RT, Palanco IM. Seasonal Variation in mortality for five main death causes. Cuba, 1996‐2006. Internet
Journal of Epidemiology 2009, 6 (2).
http://www.ispub.com/ostia/index.php?xmlFilePath=journals/ije/vol6n2/seasonal.xml, (accessed May 6 2011).
93

Mortality from carotid artery disease in Hawaii is 22% higher in the winter. See, Seto TB, Mittleman MA, Davis
RB, Taira DA, Kawachi I. Seasonal variation in coronary artery disease mortality in Hawaii: observational study.
British Medical Journal 1998, 316:1946–47.
94

Maddison A.2010. Statistics on World Population, GDP and Per Capita GDP, 1‐2008 AD.
http://www.ggdc.net/MADDISON/Historical_Statistics/horizontal‐file_02‐2010.xls (accessed May 11 2011).

48

95

Boden TA, Marland G, and Andres RJ. 2010. Global, Regional, and National Fossil‐Fuel CO2 Emissions.
http://cdiac.esd.ornl.gov/trends/emis/overview_2006.html (accessed May 11 2011).
96

CDIAC. Preliminary 2008‐09 Global & National Estimates by Extrapolation.
http://cdiac.ornl.gov/ftp/trends/co2_emis/Preliminary_CO2_emissions_2009.xls (accessed May 11 2011).

97

World Bank. World Development Indicators. http://databank.worldbank.org/ddp/home.do (accessed June 13
2011).
98

Tol RSJ, Dowlatabadi H. Vector‐borne diseases, development & climate change. Integrated Assessment 2001,
2:173–181.
99

Tol RSJ, Yohe GW. Of Dangerous Climate Change and Dangerous Emission Reduction. In Schellnhuber, H.J.,
Cramer, W, Nakicenovic, N., et al. Avoiding Dangerous Climate Change. Cambridge: Cambridge University Press;
2006, pp. 291–298.
100

James C. Global Status of Commercialized Biotech/GM Crops: 2010. International Service for the Acquisition of
Agribiotech Applications (ISAAA) Brief No. 42‐2010, Ithaca, N.Y., 2011.
101

Silva CB, de Moraes MAFD, Molin JP. Adoption and use of precision agriculture technologies in the sugarcane
industry of São Paulo state, Brazil. Precision Agriculture 2010, 12:67‐81, DOI: 10.1007/s11119‐009‐9155‐8.
102

Yan X, Jin J, He P, Liang M. Recent Advances on the Technologies to Increase Fertilizer Use Efficiency.
Agricultural Sciences in China 2008, 7:469–479.
103

Because of increases in adaptive capacity, the coefficients of proportionality should diminish over time, that is,
mortality for a given PAR ought to decline with the passage of time. This, however, should reduce mortality both
with and without climate change. Hence, the assumption of unchanging coefficients assumes that the coefficients
for both with and without climate change would be reduced equally and would, thus, result in no change in the
fraction of deaths due to warming in any future year. See Ref. 10.
104

Fischer G, Shah M, Tubiello FN, van Velhuizen H. Socio‐economic and climate change impacts on agriculture: an
integrated assessment, 1990–2080. Phil. Trans. R. Soc. B 2005, 360:2067–2083.
105

Tubiello F, Fischer G. Reducing climate change impacts on agriculture: Global and regional effects of mitigation,
2000‐2080. Technol. Forecasting Soc. Change 2007, 74:1030–1056.
106

Long SP, Ainsworth EA, Leakey ADB, Nosberger J, Ort DR. Food for thought: lower‐than‐expected crop yield
stimulation with rising CO2 concentrations. Science 2006, 312:1918–1921.
107

Ainsworth EA, Leakey ADB, Ort DR, Long SP. FACE‐ing the facts: inconsistencies and interdependence among
field, chamber and modeling studies of elevated [CO2] impacts on crop yield and food supply. New Phytologist
2008, 179:5–9.
108

Leakey ADB, Ainsworth EA, Bernacchi CJ, Rogers A, Long SP, Ort DR. Elevated CO2 effects on plant carbon,
nitrogen, and water relations: six important lessons from FACE. Journal of Experimental Botany 2009, 60:2859–
2876.
109

Bloom AJ, Burger M, Asensio JSR, Cousins AB. Carbon Dioxide Enrichment Inhibits Nitrate Assimilation in Wheat
and Arabidopsis. Science 2010, 328: 899–903.

49

110

World Bank, World Development Indicators. http://ddp‐
ext.worldbank.org/ext/DDPQQ/member.do?method=getMembers&userid=1&queryId=135 (accessed May 28,
2010).
111

World Resources Institute (WRI). EarthTrends 2010. http://ddp‐
ext.worldbank.org/ext/DDPQQ/member.do?method=getMembers&userid=1&queryId=135 (accessed May 28,
2010).
112

Oki T, Kanae S. Global Hydrological Cycles and World Water Resources. Science 2006, 313:1068–1072.

113

Arnell NW, van Vuuren DP, Isaac M. The implications of climate policy for the impacts of climate change on
global water resources. Global Environmental Change 2011, 21:592–603.
114

Wilcove DS, Rothstein D, Dubow J, Phillips A, Losos E. Quantifying threats to imperiled species in the United
States. BioScience 1998, 48:607–615.
115

Millennium Ecosystem Assessment [MEA]. Synthesis Report. Washington, DC: Island Press; 2005.

116

UN Development Program. 2011. Frequently Asked Questions (FAQs) about the Human Development Index
(HDI). http://hdr.undp.org/en/media/FAQs_2011_HDI.pdf (accessed December 23 2011).
117

Sen A. Assessing Human Development: Special Contribution In: United Nations Development Programme
(1999). Human Development Report 1999. New York: Oxford University Press, 23.
118

UN Development Program. International Human Development Indicators, 2011.
http://hdr.undp.org/en/statistics/hdi/ (accessed November 26 2011).
119

WHO. Disease and injury regional estimates.
http://www.who.int/healthinfo/global_burden_disease/estimates_regional/en/index.html (accessed June 18
2011).
120

Pogge T. Growth and Inequality: Understanding Recent Trends and Political

Choices. Dissent Winter 2008, 66–75.
121

Hagopian K, Ohanian L. The Mismeasure of Inequality. Policy Review 2012, vol. 174.
http://www.hoover.org/print/publications/policy‐review/article/123566.
122

Charmes J. The Informal Economy Worldwide: Trends and Characteristics. Margin: The Journal of Applied
Economic Research 2012, 6:103–132.

50

