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1 Overview and key findings

This Supplemental Declaration is an update of the Petition for Rulemaking filed on September 5, 2018 by
Nature’s Trust Rhode Island with the Rhode Island Department of Environmental Management, hereinafter
the Petition. This document contains an update of the scientific findings that form the basis of the Petition.
This update provides further support and adds increased urgency to the conclusions contained in the Petition.

The Petition asserted that:1

. . . prompt action is necessary to protect the rights and common welfare of present and future
generations of Rhode Islanders by implementing an enforceable, effective greenhouse gas reduction
strategy that is based on the best available science and to ensure that Rhode Island does its share
to restore the concentration of greenhouse gases in the atmosphere to safe level s. Moreover,
the consequent rule is necessary to ensure that the worst impacts of climate change and ocean
acidification are avoided and do not cause further, catastrophic and irreversible harm to present
and future generations of Rhode Islanders.

Petitioners stated goal was and remains “to ensure that Rhode Island does its fair share to reduce
greenhouse gas emissions.”2 Petitioners reiterate that the term “fair share,” was used in the Petition with
the qualification that it ignores the grave ethical problem that the industrialized countries of the world have
already vastly over-spent their “fair share.” This was shown explicitly in the Petition; see, for example, the
pie charts in Fig. 1, on page 28,3 and the density-equalizing cartogram in Fig. 224of the Petition.

As this is a crucial issue, Petitioners revisit the matter here and mention that in the run-up to the 2015
Conference of the Parties (COP 21), which ultimately produced the Paris Agreement, Oxfam put out a
media briefing with a figure reproduced here in Fig. 1. The briefing stated:5

Key Point 1: The poorest half of the global population are responsible for only around 10% of global
emissions yet live overwhelmingly in the countries most vulnerable to climate change — while the
richest 10% of people in the world are responsible for around 50% of global emissions.

In the more than half a year that has passed since the filing of the Petition, the scientific community has
seen an outpouring of new climate studies and assessments. A list of those we have reviewed is provided in
section 20.1, on page 29.

The new information provided in this Supplemental Declaration leads to the same conclusions as the
Petition but with more certainty, namely that there is an urgent need for significantly more and quicker
action to respond to the clear and present danger of a climate catastrophe. Some studies published in
reputable science journals even suggest that latest Special Report of the Intergovernmental Panel on Climate
Change (IPCC)—discussed in more detail in section 3, page 7—underplays the fact that global warming is
accelerating, as is discussed on page 6 of section 2.

That means that while Rhode Island should move expeditiously, with other states where it can. But
neither considerations of economic feasibility, lack of joint action or current plan should delay the State in
taking appropriate action.

Throughout this Supplemental Declaration, detailed references to the Petition are included to show how
recent research presented here is related to assertions contained in the Petition.

Petitioners made the following assertion:6

Science informs us that the increase in atmospheric carbon dioxide (CO2) concentrations has
already contributed significantly to warming the global climate system and has acidified the
oceans, causing serious adverse effects to human health, safety, welfare and natural systems of
the earth.

Following these well-documented facts, and consistent with what Petitioners asserted7 the conclusion
stands that:

1See Petition of Youth and Young Adult Petitioners and Sisters of Mercy Ecology, Mercy Ecology Inc., and Nature’s Trust
Rhode Island to the Rhode Island Department of Environmental Management. Sept. 4, 2018. url: https://naturestrustri.

org/wp-content/uploads/2018/11/RIDEMPetition-20180904-FINAL-amended.pdf, p. ii or follow this link.
2Id., cover page.
3See Id., p. 28 or follow this link.
4See Id., p. 120 or follow this link.
5Extreme Carbon Inequality. Oxfam. url: https://www-cdn.oxfam.org/s3fs-public/file_attachments/mb-extreme-

carbon-inequality-021215-en.pdf (visited on Mar. 5, 2019).
6See supra note 1, p. 1 or follow this link.
7See 2. Key Point, Id., p. 17 or follow this link.
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Figure 1: Percentage of CO2 emissions by world population

Key Point 2: CO2 emissions are still increasing exponentially—in the technical, scientific sense of the
word—at a rate of 2%–2.5% per year as they have been since the beginning of the Industrial Revolution.
See section 2, page 5. Sea level rise is accelerating accordingly.

Indeed, as Petitioners asserted, the climate catastrophe is advancing at an ever-increasing pace:8

In many cases, these developments are accelerating and have outpaced projections of how quickly
increased atmospheric carbon dioxide concentrations will impact our climate, and how quickly
we might reach tipping points that would make it impossible to return to safe climate conditions.

Petitioners asserted that surprises are to be expected9 in the development of the global climate system
and that melting of the Greenland Ice Sheet is “particularly disconcerting”10 in this respect. This concern
is heightened by the fact that:

Key Point 3: There has been a dramatic increase of the melting of the Greenland Ice Sheet, the main
contributor to global sea level rise. See section 5.1, page 9.

Petitioners drew attention to the potential surprises in section A.6.27.11 Under the same heading Peti-
tioners singled out the potentially far-reaching collapse of the Atlantic Meridional Overturning Circulation,
as discussed in section A.7.12,13

Key Point 4: The slowdown of the Atlantic Meridional Overturning Circulation has serious implications
for the climate of northern Europe. In addition, the drop in oxygen content of the ocean has serious
implications for marine life, as further discussed in this in section 6.3, page 12.

8See supra note 1, p. 1 or follow this link.
9See surprises in the index of Id., p. 195; or follow this link.

10See Id., p. 97 or follow this link.
11See Id., p. 108 or follow this link.
12See Id., p. 109 or follow this link].
13See AMOC in the index of Id., p. 193; or follow this link.
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Petitioners asserted14 that it was necessary to deal with climate change on a decadal time-scale, because
this is clearly the time-scale of the developments taking place at the North and South Poles. The same
applies to the Third Pole, the region of the Hindu Kush Himalaya mountain region and the Tibetan Plateau,
which is the source of the ten major river systems that provide irrigation, power and drinking water for over
1.3 billion people in Asia – nearly 20% of the world’s population.15

Given the accelerating rate of climate change, and in view of the danger of destabilizing e.g. the Arctic,
Antarctic, and the Gulf Stream Petitioners asserted that:16

These effects in turn are driving the acceleration of the disruption of the global climate system.
The pertinent timescale is decadal.

This led Petitioners to assert that prompt action must be taken on a timescale commensurate with the
one implied by these observations, a requirement consistent with:

Key Point 5: Use of the 100-year time horizon17 in to estimate the global warming impact of methane
is incompatible with the policy recommendations put forth by the Intergovernmental Panel on Climate
Change (IPCC) in its latest report. For details see section 17, page 27.

Indeed, Intergovernmental Panel on Climate Change (IPCC) unambiguously vindicates Petitioners’ as-
sertions:

Key Point 6: In its Special Report issued on October 8, 2018,18 the Intergovernmental Panel on Climate
Change (IPCC) stated that “[l]imiting global warming to 1.5 ◦C would require rapid, far-reaching and
unprecedented changes in all aspects of society . . . ,” as discussed in more detail in section 3, page 7.

A key provision sought by Petitioners is that

The State of Rhode Island shall not exceed its share19 of the global emissions budget of 500 GtCe.20

and that carbon equivalents be defined in terms of the instantaneous global warming potential21 of methane.

Key Point 7: CO2 budgets restrict the total amount of CO2 that can be emitted into the atmosphere.
Such budgets are based on the observation that to good approximation only the total amount of
CO2 emitted into the atmosphere matters, but that the time and place of emission are irrelevant.
In particular, with respect to short-lived greenhouse gases, this rule of thumb ignores the fact that
budgets do depend on the emission pathway followed. See section 15, page 26 and also Key Point 6,
page 3.

Petitioners asserted22 that the dangers associated with the continued and increased use of fossil fuels
will necessitate “negative emissions,” methods—biological, chemical or physics—to remove CO2 from the
atmosphere.

Key Point 8: With greenhouse gas emissions still increasing and far outside the range considered safe
for human and many other forms of life on earth, the issue of drawing CO2 out of the atmosphere is
crucial. A new report by the National Academies of Sciences produced a thorough study devoted to
this problem of so-called negative emissions.23 For a summary and recommendations see section 16,
page 26. See Conclusion 2 on page 26 for technologies ready for large-scale deployment.

In the context of national security, Petitioners quoted a response by Secretary of the Navy Richard
Spencer on the Arctic, on April 19, 2018: “The damn thing melted.”24 Further scientific research supports
this dangerous development:

14See glossary term “cumulative global emissions,”supra note 1, p. 11 or follow this link.
15What is The Third Pole? thethirdpole.net. url: https://www.thethirdpole.net/en/about/ (visited on Feb. 5, 2019).
16See supra note 1, p. 2 or follow this link.
17See “time horizon,” Id., p. 15 or follow this link and “global warming potential,” Id., p. 12 or follow this link
18Summary for Policymakers of IPCC Special Report on Global Warming of 1.5 ◦C approved by governments. Intergov-

ernmental Panel on Climate Change (IPCC). Oct. 8, 2018. url: https://www.ipcc.ch/site/assets/uploads/2018/11/pr_

181008_P48_spm_en.pdf (visited on Jan. 1, 2019).
19See “share,” supra note 1, p. 15 or follow this link.
20See “GtCe,” Id., p. 13 or follow this link.
21See “instantaneous global warming potential,” Id., p. 13 or follow this link.
22See 1.Key Point, Id., p. 16 or follow this link.
23See negative emissions in the index of Id., p. 194; or follow this link.
24See 10. Key Point, Id., p. 21 or follow this link.
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Key Point 9: Surface air temperatures in the Arctic, the “weather kitchen”25 of the northern hemi-
sphere, continued to warm at twice the rate of the rest of the globe. For further details see section 5.2,
page 10, section 8, page 14, and section 6.1, page 11.

Also directly related to matters of national security is the following observation:

Key Point 10: Among the most scientifically intractable problems associated with climate change are
matters of war and peace. For recent studies on the concomitant threat multipliers such as breakdown
of the rule of law, the increased local support for terrorist groups, and forced mass migration see
section 7, page 13, 8, page 14, and section 9, page 15.

In section A.6.19.1 Petitioners raised the question “Can food sources keep up with climate change?”26

The following has clear implications for migratory pressure and potential breakdown of the rule of law.

Key Point 11: Climate shocks threaten food security and pose a serious threat to societal stability and
peace. For details see section 11, page 18 and section 7, page 13.

Key Point 12: Bioenergy is produced mainly from food and energy crops grown on land dedicated to
food production. It is time to rethink the mandated and subsidized27 corn-based ethanol car fuel
policy. For further details see section 11.1, page 18.

Many of the assertions made by Petitioners were based on Volume I of the Fourth National Climate
Assessment. After filing of the Petition, Volume II became available. Some of of its findings are reviewed in
this update.

Key Point 13: Substantial and sustained efforts to reduce greenhouse gas emissions and regional ini-
tiative are required to prepare for anticipated impacts of climate change. Refer to section 10, page 17
for the key points of the Fourth National Climate Assessment, Volume II.

Petitioners asserted that “adverse changes in the climate can amplify themselves, a process known as
positive feedback.” If the amplification exceeds a critical magnitude, run-away climate change may result.
Continuing research corroborates this and adds more credence to the assertion that:28

We are now well into a war for the survival of our property, our progeny, and our fellow human
beings on today’s front-lines of climate change.

Recent research further focuses on this danger:

Key Point 14: High-latitude ecosystems contain vast reservoirs of soil organic matter. These are vul-
nerable to climate warming. As a consequence, the Arctic has the potential to become a strong,
positive feedback source of carbon dioxide (CO2) to the global atmosphere. For further details see
section 6.2, page 11.

Petitioners made it clear that “Federal and state governments have been aware of the health issues
associated with climate change for many years.”29 The prestigious medical journal the Lancet continues to
provide further details on these impacts.

Key Point 15: The Lancet published its latest report in the Countdown series, which discusses the
potential of the impending climate catastrophes “to disrupt core public health infrastructure and
overwhelm health services.” For more see section 9, page 15.

Petitioners in section A.2.630 emphasized “the environmental justice dangers that threaten the community
near the Port of Providence, which has a disproportionately large fraction of children under age five.”

Key Point 16: There is a strong correlation between poverty and asthma, and that the latter is preva-
lent in communities of color, which makes them particularly susceptible to the effects of climate change.
For details see section 12.3, page 21, section 12.3.1, page 22, and section 13, page 23.

25See supra note 1, p. 91 or follow this link.
26See Id., p. 98 or follow this link.
27Renewable Fuel Standard Program. Environmental Protection Agency. url: https://www.epa.gov/renewable-fuel-

standard-program/overview-renewable-fuel-standard (visited on Jan. 6, 2019).
281. Key Point supra note 1, p. 24 or follow this link.
29See Id., p. 39 or follow this link.
30See Id., p. 49 or follow this link.
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In section A.5,31 Petitioners asserted that the science of attributing extreme events such as hurricanes
and wildfires is rapidly improving. This progress is further documented in this update.

Key Point 17: Attribution science, the ability to link extreme weather events with anthropogenic cli-
mate change, is continuing to improve.32

Petitioners provided numerous references of the literature and reports based on it with evidence to the
effects of extreme events caused by climate change. See for instance section A.6.1533 The military has been
aware of this for a long time, as has the insurance industry.

Key Point 18: Insurance and reinsurance companies are acutely aware of the dramatically increasing
costs of natural disasters, such as wildfires and hurricanes in particular. See section 19, page 29.

2 Carbon dioxide emissions continue their 250-year exponential
increase

The Petition drew attention to the exponential increase in CO2 emissions going back to the Industrial
Revolution.34 In a recent publication, Jackson et al. provide a 2018 update of this centuries-long trend:35

Recent reports have highlighted the challenge of keeping global average temperatures below 2◦C
and—even more so—1.5 ◦C ( . . . ). Fossil-fuel burning and cement production release 90% of
all CO2 emissions from human activities. After a three-year hiatus with stable global emissions
( . . . ), CO2 emissions grew by 1.6% in 2017 to 36.2 Gt (billion tonnes), and are expected to grow a
further 2.7% in 2018 (range: 1.8%–3.7%) to a record 37.1 ± 2 Gt CO2 ( . . . ). Additional increases
in 2019 remain uncertain but appear likely because of persistent growth in oil and natural gas
use and strong growth projected for the global economy. [references omitted throughout]

The Rhodium group in its latest report finds similar preliminary estimates for 2018 and adds:36

Natural gas-fired generation increased by 166 billion kWh during the first ten months of the year.
That’s three times the decline in coal generation and four times the combined growth of wind
and solar.

These preliminary estimates are in line with the forecast by the British Met Office, which in a recent
press release stated that:37

During 2019 Met Office climate scientists expect to see one of the largest rises in atmospheric
carbon-dioxide concentration in 62 years of measurements. The Met Office CO2 forecast is based
on a combination of factors including rising anthropogenic emissions and a relative reduction in
the uptake of carbon-dioxide by ecosystems due to tropical climate variability.

That sea level rise would follow a similar exponentially accelerating trajectory should not come as a
surprise. Indeed, in a recent publication entitled “Climate-change-driven accelerated sea-level rise detected
in the altimeter era” Nerem et al. describe the significance of their findings as follows:38

Satellite altimetry has shown that global mean sea level has been rising at a rate of ∼3 ± 0.4
mm/y since 1993. Using the altimeter record coupled with careful consideration of interannual
and decadal variability as well as potential instrument errors, we show that this rate is accelerating
at 0.084 ± 0.025 mm/y2, which agrees well with climate model projections.

31supra note 1, p. 60 or follow this link
32See attribution in the index of Id., p. 193; or follow this link.
33See Id., p. 78 or follow this link.
34See exponential growth in the index of Id., p. 193; or follow this link.
35R. B. Jackson et al., “Global energy growth is outpacing decarbonization.” In: Environmental Research Letters 13.12

(2018), p. 120401. doi: 10.1088/1748-9326/aaf303. url: http://stacks.iop.org/1748-9326/13/i=12/a=120401.
36Preliminary US Emissions Estimates for 2018. Rhodium Group. Jan. 8, 2019. url: https://rhg.com/research/

preliminary-us-emissions-estimates-for-2018/ (visited on Jan. 11, 2019).
37Press Office, Faster CO2 rise expected in 2019. Met Office. url: https://www.metoffice.gov.uk/about-us/press-

office/news/weather-and-climate/2019/2019-carbondioxide-forecast (visited on Mar. 5, 2019).
38R. S. Nerem et al., “Climate-change-driven accelerated sea-level rise detected in the altimeter era.” In: Proceedings of the

National Academy of Sciences (2018). issn: 0027-8424. doi: 10.1073/pnas.1717312115. eprint: http://www.pnas.org/

content/early/2018/02/06/1717312115.full.pdf. url: http://www.pnas.org/content/early/2018/02/06/1717312115.
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We note that the acceleration reported in this paper exceeds, almost by a factor of two, the acceleration
corresponding to a 2.5% yearly exponential growth. Fasullo and Nerem find that “elevated rates of [sea level]
rise are projected to continue in regions that are susceptible to tropical cyclones, exacerbating associated
impacts in a warming climate.”39

These finding are consistent with results obtained by Mora et al.:40

We found traceable evidence for 467 pathways by which human health, water, food, economy,
infrastructure and security have been recently impacted by climate hazards such as warming,
heatwaves, precipitation, drought, floods, fires, storms, sea-level rise and changes in natural land
cover and ocean chemistry.

The prestigious, usually measured science journal Nature recently published a comment entitled Global
warming will happen faster than we think.41 The scientific community is clearly to waking up to the reality
of “exponential growth.” Indeed, referring to the latest report by the Intergovernmental Panel on Climate
Change (IPCC), discussed in more detail in section 3, page 7, the Xu et al. state:

But the latest IPCC special report underplays another alarming fact: global warming is acceler-
ating. Three trends — rising emissions, declining air pollution and natural climate cycles — will
combine over the next 20 years to make climate change faster and more furious than anticipated.

In a recent study Cheng et al. confirm this trend and show that the rate of ocean warming for the upper
2000 m has accelerated in recent decades.42

In January 2019, Australia was experiencing a record-breaking, extended heat wave. It is too early for
an attribution study to make a connection with climate change of this particular weather extreme. However
that may be, both the annual mean temperature anomaly and the annual sea surface anomalies are consistent
with the 2%–2.5% trend discussed in this section. Fig. 2 shows a plot of the time series of these anomalies
of the Australian Bureau or Meterorology.43

In addition to performing model studies, one can study ancient geological events that mark the history
of the earth. The Petition discussed paleo-climatic extinction events in section A.4.44 A recent study
of one such event, the Permian–Triassic extinction, aka the Great Dying of 250 million years ago. Penn
et al. in a recently studied this event in great detail. They conclude, as the journal Science sum it up,
that “increased marine temperatures and reduced oxygen availability were responsible for a majority of the
recorded extinctions. Because similar environmental alterations are predicted outcomes of current climate
change, we would be wise to take note.”

Humanity may see in the future what the earth looked like in the past. A recent study by Burke et al.45

reveals that during the last two centuries humans have been reversing a 50 million-year cooling trend. The
purpose of the study was to find analogs of the climate that can be expected to prevail on earth according
to possible warming scenarios. The authors find that:

As the world warms due to rising greenhouse gas concentrations, the Earth system moves toward
climate states without societal precedent, challenging adaptation. . . .

Both the emergence of geologically novel climates and the rapid reversion to Eocene-like climates
may be outside the range of evolutionary adaptive capacity.

Conditions without geologic precedent prevalent in eastern and southeastern Asia, northern Australia
and the coastal Americas46 will in all likelihood result in virtually unpredictable, global security challenges,
as further discussed in section 7, page 13.

39J. T. Fasullo and R. S. Nerem, “Altimeter-era emergence of the patterns of forced sea-level rise in climate models and
implications for the future.” In: Proceedings of the National Academy of Sciences (2018). issn: 0027-8424. doi: 10.1073/

pnas . 1813233115. eprint: http : / / www . pnas . org / content / early / 2018 / 11 / 26 / 1813233115 . full . pdf. url: http :

//www.pnas.org/content/early/2018/11/26/1813233115.
40C. Mora et al., “Broad threat to humanity from cumulative climate hazards intensified by greenhouse gas emissions.” In:

Nature Climate Change 8.12 (2018), pp. 1062–1071. issn: 1758-6798. doi: 10.1038/s41558- 018- 0315- 6. url: https:

//doi.org/10.1038/s41558-018-0315-6.
41Y. Xu, V. Ramanathan, and D. G. David G. Victor, “Global warming will happen faster than we think.” In: Nature 564

(2018), pp. 30–32. doi: 10.1038/d41586-018-07586-5. url: https://www.nature.com/articles/d41586-018-07586-5.
42L. Cheng et al., “How fast are the oceans warming?” In: Science 363.6423 (2019), pp. 128–129. issn: 0036-8075. doi:

10.1126/science.aav7619. eprint: http://science.sciencemag.org/content/363/6423/128.full.pdf. url: http:

//science.sciencemag.org/content/363/6423/128.
43Australian climate variability & change – Time series graphs. Australian Bureau of Meteorology. url: http://www.bom.

gov.au/climate/change/#tabs=Tracker&tracker=timeseries (visited on Jan. 27, 2019).
44See supra note 1, p. 55 or follow this link.
45K. D. Burke et al., “Pliocene and Eocene provide best analogs for near-future climates.” In: Proceedings of the National

Academy of Sciences 115.52 (2018), pp. 13288–13293. issn: 0027-8424. doi: 10.1073/pnas.1809600115. eprint: https:

//www.pnas.org/content/115/52/13288.full.pdf. url: https://www.pnas.org/content/115/52/13288.
46Id., p. 13290.
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Figure 2: Annual land and sea surface temperature anomalies

3 Intergovernmental Panel on Climate Change (IPCC) 2018 Spe-
cial Report: unprecedented global emission reduction efforts
are required

In its latest report47,48 the Intergovernmental Panel on Climate Change (IPCC) responds to the invitation
contained in the Paris Agreement “to provide a Special Report in 2018 on the impacts of global warming
of 1.5◦C above pre-industrial levels and related global greenhouse gas emission pathways.” This invitation
stems from the decision of the 21st Conference of Parties (COP 21) of the United Nations Framework
Convention on Climate Change (UNFCCC) to adopt the Paris Agreement.

“Clock ticking on climate action” reads a headline in the prestigious science journal Nature.49 Indeed, the
Intergovernmental Panel on Climate Change (IPCC) report emphasizes that “unprecedented global efforts”
are required. The report also mentions that overshoot, in the sense that the temperature temporarily would
exceed the 1.5◦C target, poses a serious risk:50

There is no single ‘1.5◦C warmer world’ (high confidence). In addition to the overall
increase in GMST (global mean surface temperature), it is important to consider the size and
duration of potential overshoots in temperature. Furthermore, there are questions on how the

47M. R. Allen et al. In: Global warming of 1.5◦C. An IPCC Special Report on the impacts of global warming of 1.5◦C above
pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response
to the threat of climate change, sustainable development, and efforts to eradicate poverty. Ed. by V. Masson-Delmotte et al.
World Meteorological Organization, Geneva, Switzerland, 2018. Chap. IPCC, 2018: Summary for Policymakers, pp. 1–32. url:
https://report.ipcc.ch/sr15/pdf/sr15_spm_final.pdf.

48M. R. Allen et al. In: Global warming of 1.5◦C. An IPCC Special Report on the impacts of global warming of 1.5◦C above
pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response
to the threat of climate change, sustainable development, and efforts to eradicate poverty. World Meteorological Organization,
Geneva, Switzerland, 2018. Chap. IPCC, 2018: Technical Summary, pp. 1–46. url: https://www.ipcc.ch/site/assets/

uploads/sites/2/2018/12/SR15_TS_High_Res.pdf.
49J. Tollefson, “IPCC says limiting global warming to 1.5 ◦C will require drastic action.” In: Nature 562 (Oct. 8, 2018),

pp. 172–173. doi: 10.1038/d41586-018-06876-2. url: https://www.nature.com/magazine-assets/d41586-018-06876-

2/d41586-018-06876-2.pdf.
50Allen et al., supra note 48, p. 36.
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stabilization of an increase in GMST of 1.5◦C can be achieved, and how policies might be able to
influence the resilience of human and natural systems, and the nature of regional and subregional
risks. Overshooting poses large risks for natural and human systems, especially if the temperature
at peak warming is high, because some risks may be long-lasting and irreversible, such as the loss
of some ecosystems (high confidence). The rate of change for several types of risks may also have
relevance, with potentially large risks in the case of a rapid rise to overshooting temperatures, even
if a decrease to 1.5◦C can be achieved at the end of the 21st century or later (medium confidence).
If overshoot is to be minimized, the remaining equivalent CO2 budget global emissions budget
available for emissions is very small, which implies that large, immediate and unprecedented
global efforts to mitigate greenhouse gases are required (high confidence).

Fugitive methane plays a central role in the Petition.51 The 2018 Special Report confirms the importance
of fugitive methane:52

Though CO2 dominates long-term warming, the reduction of warming short-lived climate forcers
(SLCFs), such as methane and black carbon, can in the short term contribute significantly to
limiting warming to 1.5◦C above pre-industrial levels. Reductions of black carbon and methane
would have substantial co-benefits (high confidence), including improved health due to reduced
air pollution.

As Joyce Msuya sums up the current situations in the United Nations’ Emissions Gap Report 2018:53

The message is clear: we need to make an almost existential change, the solutions are there, and
we have no excuse.

And yes, it is still possible to bridge the emissions gap to keep global warming below 2◦C.
However, the opportunity to bridge the 1.5 ◦C gap is dwindling. We can also see that the kind
of unprecedented action we urgently need is not happening yet: in fact, global CO2 emissions
did increase in 2017 after a few years of stagnation. [emphasis added]

4 Release of the latest Global Environment Outlook (GEO-6)

The latest Global Environment Outlook (GEO-6) from the United Nations Environment Program, was
released in March 2019.54 As Meanwhile, GEO-6 makes abundantly clear, the health of the planet and its
people are highly on biodiversity, which is at serious risk. It’s impossible to do justice to this 700+ page
document. We restrict ourselves to a summary published by Gupta et al. who state:55

GEO-6 assesses the different earth system components (air, land, freshwater, oceans, and biodi-
versity) but considers each separately. Here, we integrate knowledge on the health of the planet
and humans across these components and rank the impacts.

. . . .

We conclude that biodiversity is the worst affected component, followed by air, oceans, freshwater,
and land (figure; appendix). The irreversibility of biodiversity loss (from genes to ecosystems,
including, for example, pollinators) at all levels reflects an ongoing major extinction event. These
losses are exacerbated by the spread of invasive species and the rising illegal trade in wildlife,
timber, and fisheries. The impacts on air, including climate change, are ranked second, because
global warming has already exceeded 0.8–0.9◦C in relation to preindustrial levels and the 1.5 ◦C
mark will be crossed in the 2030s if policies are not drastically changed and new technologies
implemented. Outdoor air pollution exceeds WHO guidelines for 90% of city dwellers, especially
in middle-income and low-income countries, but is reversible. Severe household air pollution
occurs in low-income homes of the global south, but is also reversible. The impact on the
oceans ranks third because the oceans are severely affected by melting sea ice (resulting in sea
level rise), increasing water temperatures (affecting global weather patterns), biodiversity loss

51See fugitive methane in the index of supra note 1, p. 193; or follow this link.
52Allen et al., supra note 48, p. 42.
53A. Olhoff and J. Christensen, eds., Emissions Gap Report 2018. United Nations Environment Programme, Nov. 2018. url:

http://wedocs.unep.org/bitstream/handle/20.500.11822/26895/EGR2018_FullReport_EN.pdf, p. XIII.
54UN Environment, 2019. doi: 10.1017/9781108627146. url: https://wedocs.unep.org/bitstream/handle/20.500.11822/

27539/GEO6_2019.pdf.
55J. Gupta et al., Communicating the health of the planet and its links to human health. url: https://www.thelancet.com/

action/showPdf?pii=S2542-5196%2819%2930040-3 (visited on Mar. 16, 2019).
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and loss of fish stocks, coral bleaching events, low-oxygen zones, and increasing chemical and
plastic pollution. Effects on freshwater health are ranked fourth and include climate change
(changing rainfall patterns and melting glaciers), groundwater pumping beyond recharge levels,
chemical and waste pollution (antimicrobial compounds, endocrine disruptors, microplastics and
nanoplastics, and nutrients), and biological pollution (spread of pathogens). Finally, ranked fifth,
the health of land is affected through land degradation, transformation, and chemical and waste
pollution. The costs of the degrading health of land is estimated at US$20 trillion per year. Most
of the effects on oceans and land and many of the effects on freshwater are only partly reversible.

5 Disconcerting developments of the cryosphere

In its foreward The Arctic in a new state a recent UN report entitled Global Linkages the authors write:56

Change is clearly accelerating in the Arctic, and it has global implications for us all. We all have
a stake in this future, but none more than the young people who are coming of age, living in the
midst of this change.

This section contains some of the developments that form the basis of this observation.

5.1 Accelerated melting of the Greenland Ice Sheet

Melting of the Greenland Ice Sheet, a main contributor to global sea level rise is the topic of a recent study
published in Nature.57 The Petition mentions that the Greenland Ice Sheet “contains the equivalent of 7.4
meters (24 feet) of global sea level rise.”58 ScienceDaily sums up this recent study as follows:59

Surface melting across Greenland’s mile-thick ice sheet began increasing in the mid-19th century
and then ramped up dramatically during the 20th and early 21st centuries, showing no signs of
abating, according to new research published Dec. 5, 2018, in the journal Nature. The study
provides new evidence of the impacts of climate change on Arctic melting and global sea level
rise.

As Nature reports:60

Vicious cycle
The latest analysis also suggests that warming is altering the structure of the ice sheet’s top
layer. Thawing and refreezing sets up a vicious cycle: bright snow is replaced by darker patches
of ice that absorb more heat from the Sun, further warming Greenland.

The earth’s climate system is a complex system in which global warming produces unexpected effects.
As findings of a study by Reinmann et al.61 show, changes in winter climate that decrease the snow cover
and, as a consequence, increase the occurrence of severe soil frost are likely to lead to a substantial increased
decline of economically important and ecologically dominant tree species. This also will reduce the efficacy
of the forests as a carbon sink in the northeastern United States.

Oltmanns et al. have found that over the period from 1979–2012, ncreased rainfall over is responsible for
significant and rapid melting of the surface Greenland Ice Sheet.62 The change in the nature of the surface
results in a decrease of the albedo and may trigger dynamic instabilities of the ice sheet.63

56T. Schoolmeester et al., Global Linkages—A graphic look at the changing Arctic. UN Environment and GRID-Arendal,
2019. url: https://wedocs.unep.org/bitstream/handle/20.500.11822/27687/Arctic_Graphics.pdf (visited on Mar. 14,
2019), p. 7.

57L. D. Trusel et al., “Nonlinear rise in Greenland runoff in response to post-industrial Arctic warming.” In: Nature 564.7734
(2018), pp. 104–108. issn: 1476-4687. doi: 10.1038/s41586-018-0752-4. url: https://doi.org/10.1038/s41586-018-0752-

4.
58supra note 1, p. 112 or follow this link.
59Greenland ice sheet melt ’off the charts’ compared with past four centuries. ScienceDaily. Dec. 5, 2018. url: https:

//www.sciencedaily.com/releases/2018/12/181205133942.htm.
60J. Tollefson, “Greenland is losing ice at fastest rate in 350 years.” In: Nature (Dec. 5, 2018). doi: 10.1038/d41586-018-

07617-1. url: https://www.nature.com/articles/d41586-018-07617-1/.
61A. B. Reinmann et al., “Declines in northern forest tree growth following snowpack decline and soil freezing.” In: Global

Change Biology 0.0 (2018), pp. 1–11. doi: 10.1111/gcb.14420. eprint: https://onlinelibrary.wiley.com/doi/pdf/10.1111/

gcb.14420. url: https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.14420.
62M. Oltmanns, F. Fiammetta Straneo, and M. Tedesco, “Year-round triggers of melt over Greenland.” In: The Cryosphere

13 (2019), pp. 815–825. doi: 10.5194/tc-13-815-2019. url: https://www.the-cryosphere.net/13/815/2019/tc-13-815-

2019.pdf, p. 815.
63Id., p. 822.
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5.2 Arctic Report Card 2018

The 2018 Arctic Report Card is based on 14 contributions representing the collective effort of an international
team made up of National Oceanic and Atmospheric Administration (NOAA) staff and 81 researchers from
12 countries.64 The Arctic has changed dramatically. As a result of the warming of the atmosphere and
the ocean, the region is no longer returning to the extensively frozen state of recent past decades. In 2018,
Arctic sea ice remained younger, thinner, and covered less area than in the past.

The observed fragility of the sea ice has serious implications for the albedo65 of the earth. That is, the
rate at which the earth reflects sun energy back into space will be reduced until the earth has warmed up
sufficiently to restore the balance of incoming and outgoing energy flows. Together with the melting of the
Greenland Ice Sheet (see section 5.1, this brings us closer to potential tipping points66 of the climate system.

In addition, the 2018 Arctic Report Card lists the following key points:

• Surface air temperatures in the Arctic continued to warm at twice the rate relative to the
rest of the globe. Arctic air temperatures for the past five years (2014-18) have exceeded all
previous records since 1900.

• In the terrestrial system, atmospheric warming continued to drive broad, long-term trends
in declining terrestrial snow cover, melting of the Greenland Ice Sheet and lake ice, increas-
ing summertime Arctic river discharge, and the expansion and greening of Arctic tundra
vegetation.

• Despite increase of vegetation available for grazing, herd populations of caribou and wild
reindeer across the Arctic tundra have declined by nearly 50% over the last two decades.

• In 2018 Arctic sea ice remained younger, thinner, and covered less area than in the past.
The 12 lowest extents in the satellite record have occurred in the last 12 years.67

• Pan-Arctic observations suggest a long-term decline in coastal landfast sea ice since mea-
surements began in the 1970s, affecting this important platform for hunting, traveling, and
coastal protection for local communities.

• Spatial patterns of late summer sea surface temperatures are linked to regional variability
in sea-ice retreat, regional air temperature, and advection of waters from the Pacific and
Atlantic oceans.

• In the Bering Sea region, ocean primary productivity levels in 2018 were sometimes 500%
higher than normal levels and linked to a record low sea ice extent in the region for virtually
the entire 2017/18 ice season.

• Warming Arctic Ocean conditions are also coinciding with an expansion of harmful toxic
algal blooms in the Arctic Ocean and threatening food sources.

5.3 Accelerated melting of the Antarctic Ice Sheet

A recent satellite study by Rignot et al. found that the yearly rate of ice loss over the last four decades
increased by a factor of six.68 The acceleration of the rate itself increased by almost a factor of three. In the
case of exact exponential increase these two factors would be the same, but roughly speaking one can think
of the melting as being the equivalent of exponential behavior with a decrease of the ice sheet in the range
of 2.75%–4.5% per year corresponding to a doubling time of 15–30 years. As a consequence, melting of the
Antarctic Ice Sheet is expected to be leading to multi-meter sea level rise in the next two or three centuries.

64National Oceanic and Atmospheric Administration (NOAA), Arctic Report Card 2018. Ed. by E. Osborne, J. Richter-
Menge, and M. M. Jeffries. 2018. eprint: ftp://ftp.oar.noaa.gov/arctic/documents/ArcticReportCard_full_report2018.

pdf. url: https://www.arctic.noaa.gov/Report-Card, p. 3.
65See albedo in the index of supra note 1, p. 193; or follow this link.
66See tipping point in the index of Id., p. 195; or follow this link.
67This refers to the satellite record from 1979 to the present.
68E. Rignot et al., “Four decades of Antarctic Ice Sheet mass balance from 1979–2017.” In: Proceedings of the National

Academy of Sciences (2019). issn: 0027-8424. doi: 10.1073/pnas.1812883116. eprint: https://www.pnas.org/content/

early/2019/01/08/1812883116.full.pdf. url: https://www.pnas.org/content/early/2019/01/08/1812883116.
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6 Geographical zones of special concern

6.1 Arctic amplification

So-called arctic amplification was mentioned in the Petition, but further research has confirmed a trend that
has been obvious for some time. A comprehensive U.N. report about the Arctic explains:69

Warmer temperatures in the Arctic resulted in a record low in the winter sea ice extent between
2015–2018. Indeed, under a medium- or high-emission scenario, projected temperature changes
for the Arctic will follow a winter warming trend at least double the rate for the northern
hemisphere. This means that even if countries manage to cut GHG [greenhouse gas] emissions to
the targets outlined in the 2015 Paris Agreement on climate change, winter temperatures in the
Arctic will still be 3 to 5 ◦C higher by 2050 and 5 to 9 ◦C higher by 2080, relative to 1986–2005
levels. In fact, even if we stopped all emissions overnight, winter temperatures in the Arctic will
still increase by 4 to 5 ◦C compared to the late twentieth century. This increase is locked into
the climate system by GHGs already emitted and ocean heat storage. [references suppressed
throughout]

Note that the authors use the term “locked in,” while the Petition uses “baked in” in numerous places.70

It is not understood in detail what the is causing Arctic amplification but there may several causes such as
change of the albedo (the rate of reflection of sunlight back into space) of the region and release of CO2 and
CH4 by melting of the permafrost . All of this may have unexpected and far-reaching consequences for the
global climate system; see section ??, page ??.

6.2 Tundra and permafrost are warming, increasing the risk of run-away climate
change

The Arctic plays is a vital role in the climate system of the Earth. As Commane et al. put it:71

High-latitude ecosystems contain vast reservoirs of soil organic matter that are vulnerable to
climate warming, potentially causing the Arctic to become a strong source of carbon dioxide
(CO2) to the global atmosphere.

Release of the CO2 in this vast reservoir may trigger a state shift in the climate system.72 However, the
Arctic is more than ice and permafrost, in fact it contains a lot of vegetation that plays a central role in the
carbon cycle and the energy balance of the earth. Indeed as Bjorkman et al. sum it up:73

The tundra is warming more rapidly than any other biome on Earth, and the potential rami-
fications are far-reaching because of global feedback effects between vegetation and climate. A
better understanding of how environmental factors shape plant structure and function is crucial
for predicting the consequences of environmental change for ecosystem functioning.

Science Daily contains a non-technical discussion of this work.74

An international team of 48 scientists studied the temperature of permafrost across the globe and found
that ground temperature “increased in all permafrost zones on Earth, that is continuous and discontinuous
permafrost in the Northern Hemisphere, as well as permafrost in the mountains and in Antarctica.”75 More
details and the implications are described citing from the introduction of this report in Nature entitled
Permafrost is warming at a global scale:76

69Schoolmeester et al., supra note 56, p. 13.
70see 4. Keypoint, supra note 1, p. 18 or follow this link.
71R. Commane et al., “Carbon dioxide sources from Alaska driven by increasing early winter respiration from Arctic tundra.”

In: Proceedings of the National Academy of Sciences 114.21 (2017), pp. 5361–5366. issn: 0027-8424. doi: 10.1073/pnas.

1618567114. eprint: https://www.pnas.org/content/114/21/5361.full.pdf. url: https://www.pnas.org/content/114/21/

5361.
72See tipping point in the index of supra note 1, p. 195; or follow this link.
73A. D. Bjorkman et al., “Plant functional trait change across a warming tundra biome.” In: Nature 562.7725 (2018),

pp. 57–62. issn: 1476-4687. doi: 10.1038/s41586-018-0563-7. url: https://doi.org/10.1038/s41586-018-0563-7.
74Taller plants moving into Arctic because of climate change. ScienceDaily. Sept. 26, 2018. url: https://www.sciencedaily.

com/releases/2018/09/180926140816.htm.
75B. K. Biskaborn et al., “Permafrost is warming at a global scale.” In: Nature Communications 10.1 (2019), p. 264. issn:

2041-1723. doi: 10.1038/s41467-018-08240-4. url: https://doi.org/10.1038/s41467-018-08240-4, p. 2.
76Id., p. 2.
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One quarter of the Northern Hemisphere and 17% of the Earth’s exposed land surface is underlain
by permafrost, that is ground with a temperature remaining at or below 0 ◦C for at least two
consecutive years. The thermal state of permafrost is sensitive to changing climatic conditions
and in particular to rising air temperatures and changing snow regimes. This is important,
because over the past few decades, the atmosphere in polar and high elevation regions has warmed
faster than elsewhere8. Even if global air temperature increased by no more than 2 ◦C by
2100, permafrost may still degrade over a significant area. Such a change would have serious
consequences for ecosystems, hydrological systems, and infrastructure integrity. Carbon release
resulting from permafrost degradation will potentially impact the Earth’s climate system because
large amounts of carbon previously locked in frozen organic matter will decompose into carbon
dioxide and methane. [references omitted throughout]

Melting of permafrost has the potential to lead to vast greenhouse gas emissions and, as a consequence, has
far-reaching implications for the carbon budget, as discussed in more detail in section 15, page 26.

Walter Anthony et al. show that release of permafrost carbon as greenhouse gases, in the form of CO2

and CH4, is likely to amplify climate warming beyond the projections of most current earth system model:77

Permafrost carbon feedback (PCF) modeling has focused on gradual thaw of near-surface per-
mafrost leading to enhanced carbon dioxide and methane emissions that accelerate global climate
warming. These state-of-the-art land models have yet to incorporate deeper, abrupt thaw in the
PCF. Here we use model data, supported by field observations, radiocarbon dating, and re-
mote sensing, to show that methane and carbon dioxide emissions from abrupt thaw beneath
thermokarst lakes will more than double radiative forcing from circumpolar permafrost-soil car-
bon fluxes this century.

The projected permafrost emissions due to the process discussed by these authors are relatively small, but
they may make future cuts to CO2 emissions much more difficult.78

6.3 Atlantic Ocean: oxygen decline and Atlantic Meridional Overturning Cir-
culation slowdown

As Claret et al. report, major changes in oxygen contents of the northwest Atlantic have been observed.79

The changes have serious implications for marine life and are related to, and once again corroborate the
slowdown of the Atlantic Meridional Overturning Circulation discussed in the Petition.80 As the authors
mention:81

Our results provide strong evidence that a major, centennial-scale change of the Labrador Current
is underway, and highlight the potential for ocean dynamics to impact coastal deoxygenation over
the coming century.

The oceans are a sink for anthropogenic CO2. It turns out that between 1994 and 2007 the North Atlantic
Ocean has absorbed 20% less CO2 than predicted. This is likely to due to the climate-change driven slowdown
of the North Atlantic Atlantic Meridional Overturning Circulation.82

6.4 The “Third Pole”

Global warming will have a serious impact on the extended Hindu Kush Himalaya region as the following
two key findings of chapter 7 of a recent assessment of the region summarizes:83

77K. Walter Anthony et al., “21st-century modeled permafrost carbon emissions accelerated by abrupt thaw beneath lakes.”
In: Nature Communications 9.1 (2018), p. 3262. doi: 10.1038/s41467-018-05738-9. url: https://doi.org/10.1038/s41467-
018-05738-9.

78Id., p. 7.
79M. Claret et al., “Rapid coastal deoxygenation due to ocean circulation shift in the northwest Atlantic.” In: Nature Climate

Change 8 (Oct. 1, 2018), pp. 868–872. issn: 1758-6798. doi: 10.1038/s41558-018-0263-1. url: https://doi.org/10.1038/

s41558-018-0263-1.
80See Atlantic Meridional Overturning Circulation in the index of supra note 1, p. 193; or follow this link.
81Claret et al., supra note 79.
82N. Gruber et al., “The oceanic sink for anthropogenic CO2 from 1994 to 2007.” In: Science 363.6432 (2019), pp. 1193–1199.

issn: 0036-8075. doi: 10.1126/science.aau5153. eprint: http://science.sciencemag.org/content/363/6432/1193.full.pdf.
url: http://science.sciencemag.org/content/363/6432/1193.

83P. Wester et al., eds., The Hindu Kush Himalaya Assessment—Mountains, Climate Change, Sustainability and People.
Springer Nature Switzerland AG, Cham., 2019. url: https://link.springer.com/content/pdf/10.1007%2F978-3-319-

92288-1.pdf, p. 211.
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3. Glaciers have thinned, retreated, and lost mass since the 1970s, except for parts of the
Karakoram, eastern Pamir, and western Kunlun. Trends of increased mass loss are projected
to continue in most regions, with possibly large consequences for the timing and magnitude
of glacier melt runoff and glacier lake expansion. Glacier volumes are projected to decline
by up to 90% through the 21st century in response to decreased snowfall, increased snowline
elevations, and longer melt seasons. Lower emission pathways should, however, reduce the
total volume loss.

4. There is high confidence that permafrost will continue to thaw and the active layer (sea-
sonally thawed upper soil layer) thickness will increase. Projected permafrost degradation
will destabilize some high mountain slopes and peaks, cause local changes in hydrology, and
threaten transportation infrastructure.

7 Climate change exacerbates security risks

A recent worldwide assessment by the US intelligence community has a section on the environment and
climate change. We quote:84

• Global environmental and ecological degradation, as well as climate change, are likely to fuel
competition for resources, economic distress, and social discontent through 2019 and beyond.
Climate hazards such as extreme weather, higher temperatures, droughts, floods, wildfires,
storms, sea level rise, soil degradation, and acidifying oceans are intensifying, threatening
infrastructure, health, and water and food security. Irreversible damage to ecosystems and
habitats will undermine the economic benefits they provide, worsened by air, soil, water,
and marine pollution.

• Extreme weather events, many worsened by accelerating sea level rise, will particularly affect
urban coastal areas in South Asia, Southeast Asia, and the Western Hemisphere. Damage
to communication, energy, and transportation infrastructure could affect low-lying military
bases, inflict economic costs, and cause human displacement and loss of life.

• Changes in the frequency and variability of heat waves, droughts, and floods—combined
with poor governance practices—are increasing water and food insecurity around the world,
increasing the risk of social unrest, migration, and interstate tension in countries such as
Egypt, Ethiopia, Iraq, and Jordan.

• Diminishing Arctic sea ice may increase competition—particularly with Russia and China—
over access to sea routes and natural resources. Nonetheless, Arctic states have maintained
mostly positive cooperation in the region through the Arctic Council and other multilateral
mechanisms, a trend we do not expect to change in the near term. Warmer temperatures
and diminishing sea ice are reducing the high cost and risks of some commercial activities
and are attracting new players to the resource-rich region. In 2018, the minimum sea ice
extent in the Arctic was 25 percent below the 30-year average from 1980 to 2010.

Climate-related security risks have major implications for war, peace, and security. Climate change has
exacerbated Iraq’s well-known problems, as one of the Middle East’s countries most vulnerable to climate
impacts provides material for a case study of how climate change acts as a “threat multiplier”85,86 and the
mutual amplification of risks of the above challenges.

The report from the Expert Working Group on Climate-related Security Risks of the Stockholm Interna-
tional Peace Research Institute (SIPRI) highlights five vital, current and emerging risks. These contribute
to:87

1. Diminished agricultural livelihoods increase local support for terrorist groups;

2. Insufficient governance capacity to address and respond to climate change and environmental
degradation;

84D. R. Coats, Worldwide threat assessment of the US Intelligence Community. Senate Select Committee on Intelligence,
Jan. 2019. url: https://www.intelligence.senate.gov/sites/default/files/documents/os-dcoats-012919.pdf (visited on
Feb. 8, 2019), p. 23.

85See supra note 1, p. 117 or follow this link.
86See Id., p. 119 or follow this link.
87H. Kawa, C. Born, and P. Nordqvist, Iraq Climate-related security risk assessment. The Expert Working Group on Climate-

related Security Risks, Aug. 2018. url: https://www.eastwest.ngo/sites/default/files/iraq-climate-related-security-

risk-assessment.pdf.
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3. Increased dependence on water flows from riparian neighbours and regional stability;

4. Mass displacement and forced migration; and

5. Heightened communal tensions over access to food and water.

Related studies reach similar conclusions for the Lake Chad Region and Somalia, but the extremely
dangerous links between climate change and conflict remain understudied:88

While this constrains the ability to draw general conclusions, there is context- specific evidence
that climate change can have an effect on the causes and dynamics of violent conflict in the region
when:

(a) it leads to a deterioration in people’s livelihoods;

(b) it influences the tactical considerations of armed groups;

(c) elites use it to exploit social vulnerabilities and resources; and

(d) it displaces people and increases levels of migration.mass migration

Given in particular the security threats associated with an impending climate catastrophe, it seems
reasonable to expect a proliferaation of the study and possibly deployment of extremely risky geoengineer-
ing approaches. Among these is, for instance, delivering sulfates into the lower stratosphere to suppress
anthropogenic radiative forcing.89

7.1 Climate change is causing mass migration and armed conflict

Although it is difficult to establish clear causal connections current research in this area corroborates the
assessment of the US intelligence apparatus cited on page 13, to wit:90

Exploiting bilateral data on asylum seeking applications for 157 countries over the period 2006–
2015, we assess the determinants of refugee flows using a gravity model which accounts for
endogenous selection in order to examine the causal link between climate, conflict and forced
migration. Our results indicate that climatic conditions, by affecting drought severity and the
likelihood of armed conflict, played a significant role as an explanatory factor for asylum seeking
in the period 2011–2015. The effect of climate on conflict occurrence is particularly relevant for
countries in Western Asia in the period 2010–2012 during when many countries were undergoing
political transformation.

It should be noted that the impact of rainfall deficits on US-bound migrationmass migration from rural
Mexico remains to be clarified.91.

8 World Meteorological Organization addresses UN Security Coun-
cil

In its January 25, 2019 update, the World Meteorological Organization writes:92

For the first time in its history, the World Meteorological Organization has addressed the UN
Security Council on the risks to international peace and security posed by climate change and
climate-related disasters.

Professor Pavel Kabat, Chief Scientist of the World Meteorological Organization, stated the following:93

88P. Nordqvist and F. Krampe, “Climate Change and Violent Conflict: Sparse Evidence From South Asia and South East
Asia.” In: SIPRI Insights on Peace and Security 4 (Sept. 2018). url: https://www.sipri.org/sites/default/files/2018-

09/sipriinsight1804.pdf, p. 2.
89W. Smith and G. Wagner, “Stratospheric aerosol injection tactics and costs in the first 15 years of deployment.” In:

Environmental Research Letters 13.12 (2018), p. 124001. url: http://stacks.iop.org/1748-9326/13/i=12/a=124001.
90G. J. Abel et al., “Climate, conflict and forced migration.” In: Global Environmental Change 54 (2019), pp. 239–249. doi:

10.1016/j.gloenvcha.2018.12.003. url: http://tinyurl.com/y5tdalv4.
91Id., p. 240.
92WMO addresses UN Security Council for first time. World Meteorological Organization. Jan. 25, 2019. url: https:

//public.wmo.int/en/media/press-release/wmo-addresses-un-security-council-first-time (visited on Mar. 4, 2019).
93P. Kabat, Briefing to the UN Security Council ministerial debate on: addressing the impacts of climate related disasters

on International Peace and Security. World Meteorological Organization. Jan. 25, 2019. url: https://ane4bf-datap1.s3-

eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/WMO_Briefing_to_UNSC_Final_25_Jan_2019_1.pdf (visited
on Mar. 4, 2019).
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In August 2018, the southwest Indian state of Kerala suffered the worst flooding since the 1920s,
displacing more than 1.4 million people from their homes and affecting more than 5.4 million.
Large parts of western Japan experienced destructive flooding in late June and early July, killing
at least 230 people and destroying thousands of homes. Flooding affected many parts of east
Africa in March and April. This included Kenya and Somalia, which had previously been suf-
fering from severe drought, as well as Ethiopia and northern and central Tanzania. Out of
the 17.7 million Internally Displaced Persons tracked by the IOM [International Organization
for Migration], 2.3 million people were displaced due to disasters linked to weather and climate
events as of September 2018. In Somalia, some 642 000 new internal displacements were recorded
between January and July 2018 by UNHCR [United Nations High Commissioner for Refugees],
with flooding the primary reason for displacement (43%), followed by drought (29%), and conflict
(26%).

The World Meteorological Organization provisional 2018 global climate statement94 is densely packed
with similar information listing extreme events across the globe. Rather than summarizing it, Petitioners
refer to the statement, but draw attention to the following:

In some parts of the world, human mobility can be understood in the context of the relationship
between conflict and climate events, where climate events act as a “threat multiplier.”

For a brief summary of similar national security issues see section 7, page 13.

9 The Lancet Countdown; the impact of climate change on vul-
nerable populations

The Lancet’s Countdown series has been published since 2015. It is the result of a collaboration of 27 major
academic institutions, the UN, and intergovernmental agencies from across the globe.

Fig. 3 is from the 2018 report of this series.95 It gives a schematic overview of the health hazards associated
with climate change and how these disproportionately affect vulnerable populations, such as the young, the
elderly, the infirm, and outdoor workers. An additional impact of these health hazards is to exacerbate
transnational and intergenerational inequality.

94Provisional statement on the State of the Global Climate in 2018. World Meteorological Organization. Feb. 7, 2019. url:
http://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/Draft_Statement_7_February.

pdf?5.6rzIGwBm5lwDSTPbgprB2_EgrjzRVY (visited on Mar. 7, 2019).
95N. Watts et al., “The 2018 report of the Lancet Countdown on health and climate change: shaping the health of nations

for centuries to come.” In: The Lancet (Dec. 2, 2018). issn: 0140-6736. doi: 10.1016/S0140- 6736(18)32594- 7. url:
https://doi.org/10.1016/S0140-6736(18)32594-7, p. 2482.
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Figure 3: The causal pathways between climate change and human health.

The 2018 Countdown report mentions that:96

In 2017, several concerning trends continued, with vulnerable populations being subjected to 157
million heatwave-exposure events, and 153 billion hours of labour being lost because of rising
temperatures, which represents substantial increases from baseline levels (indicators 1.3 and 1.4).

These indicators are:

1. First of all:97

Indicator 1.3: health effects of heatwaves
Headline finding: in 2017, an additional 157 million heatwave exposure events occurred glob-
ally, representing an increase of 18 million additional exposure events compared with 2016

2. Secondly:98

Indicator 1.4: change in labour capacity
Headline finding: in 2017, 153 billion hours of labour (3.4 billion weeks of work) were lost,
an increase of 62 billion hours lost relative to 2000

9.1 Climate change increases migratory pressure

Fig. 4 shows the hours of labor lost because of increasing heat. During the course of an 8-hour work day,
an average, healthy manual laborer may generate an average energy per unit time of around 75 watts. The
activity level specified in Fig. 4 is at the level of heavy labor, namely 400 watts.

96Watts et al., supra note 95, p. 2484.
97Id., p. 2485.
98Id., p. 2485.
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Figure 4: Mean change in total hours of labour lost at the 400 W activity level over the 2000–2017 period
relative to the 1986–2005 baseline

The pressure to migrate out of the wide band circling the earth shown in Fig. 4 is clear; we refer back to
Key Point 10, page 4.

The following is from the concluding section of the report:99

In 2018, many of the global trends previously identified accelerated, both in terms of the health
impacts of climate change, and the mitigation and adaptation interventions being implemented
around the world. The first section of the report made clear that vulnerable populations are
continually exposed to more severe climate hazards, with indicators reporting 157 million heat-
wave exposure events for such groups in 2017, more than 153 billion hours of labour lost due to
rising temperatures, and that climatic conditions are at their most suitable for the transmission
of dengue fever virus since 1950.

. It should also be noted that steps can and should be taken “to make soils more resilient to drought, produce
more food and store emissions.”100

10 Fourth National Climate Assessment—Volume II

10.1 General key points

Volume I of the Fourth National Climate Assessment, which was discussed extensively in the Petition in
section A.6.4,101 presents an assessment of the physical science forming the basis of Volume II of this
report.102

Echoing much of what can also be found in the Summary Findings of the report103 the following National
Oceanic and Atmospheric Administration (NOAA) summary is from Science Daily:104

NOAA is one of 13 federal agencies that contributed significantly to the Fourth National Climate
Assessment.

99Watts et al., supra note 95, p. 2510.
100C. Rumpel et al., “Put more carbon in soils to meet Paris climate pledges.” In: Nature 564 (2018), pp. 32–34. doi:
10.1038/d41586-018-07587-4. url: https://www.nature.com/articles/d41586-018-07587-4.
101supra note 1, page 65 and following pages
102USGCRP, Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II. ed. by

D. Reidmiller et al. U.S. Global Change Research Program, Washington, DC, USA, 2018, pp. 1–1515. doi: 10.7930/NCA4.2018.
url: https://nca2018.globalchange.gov/downloads/NCA4_2018_FullReport.pdf.
103See https://nca2018.globalchange.gov/#sf-1
104New federal climate assessment for U.S. released: Report highlights impacts, risks and adaptations to climate change.

ScienceDaily. Nov. 25, 2018. url: https://www.sciencedaily.com/releases/2018/11/181125113728.htm.
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Key findings of the NCA4, Vol. II Communities

• Human health and safety, our quality of life, and the rate of economic growth in communities
across the U.S. are increasingly vulnerable to the impacts of climate change.

• The cascading impacts of climate change threaten the natural, built and social systems we
rely on, both within and beyond the nation’s borders.

• Societal efforts to respond to climate change have expanded in the last five years, but not
at the scale needed to avoid substantial damages to the economy, environment, and human
health over the coming decades.

• Without substantial and sustained global efforts to reduce greenhouse gas emissions and
regional initiatives to prepare for anticipated changes, climate change is expected to cause
growing losses to American infrastructure and property and impede the rate of economic
growth over this century.

Agriculture and food production

• Rising temperatures, extreme heat, drought, wildfire on rangelands and heavy downpours
are expected to increasingly challenge the quality and quantity of U.S. crop yields, livestock
health, price stability and rural livelihoods.

Ecosystems

• Continued changes to Earth’s climate will cause major disruptions in some ecosystems. Some
coral reef and sea ice ecosystems are already experiencing transformational changes, affecting
communities and economies that rely upon them.

Water and the coasts

• Changes in the quality and quantity of fresh water available for people and the environment
are increasing risks and costs to agriculture, energy production, industry and recreation.

• Climate change will transform coastal regions by the latter part of this century, with ripple
effects on other regions and sectors. Many communities should expect higher costs and lower
property values from sea level rise.

Health

• Climate change threatens the health and well-being of the American people by causing in-
creasing extreme weather, changes to air quality, the spread of new diseases by insects and
pests, and changes to the availability of food and water.

11 Hunger is on the rise

This section discusses aspects of food security. The impact of a warming ocean on fisheries is of particular
importance to Rhode Island. Also to be noted, given the ethanol car fuel policy—mentioned in Key Point 1
on page 4—is the global competition between land dedicated to bioenergy on the one hand, and production
of food and sustainable biosphere carbon storage, on the other.

11.1 Food security is at risk

Fisheries play a vital role in providing food across the globe. Climate change is profoundly changing habitats
for all forms of ocean life. Free et al. in a recent study found that an overall reduction in fish stocks has
occurred over the past 80 years. Some species will respond positively to warming waters, but the majority
will suffer a negative impacts.105

Also bioenergy which might be a substitute for fossil fuels is having and impact of food security. The
following brief overview is from a report entitled Creating a Sustainable Food Future:106

MENU ITEM: Avoid Competition from Bioenergy for Food Crops and Land

Bioenergy is produced mainly from food and energy crops grown on dedicated land, which in-
creases global competition for land and widens the food, land, and GHG mitigation gaps. Our

105C. M. Free et al., “Impacts of historical warming on marine fisheries production.” In: Science 363 (2019), pp. 979–983.
doi: 10.1126/science.aau1758.
106T. Searchinger et al., SYNTHESIS REPORT: Creating a Sustainable Food Future: A Menu of Solutions to Feed Nearly

10 Billion People by 2050. Ed. by E. Matthews. World Resources Institute, Dec. 2018. url: https://wriorg.s3.amazonaws.

com/s3fs-public/creating-sustainable-food-future_0.pdf, p. 18.
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2050 baseline projection assumes that the share of biofuels from crops in transportation fuel
remains at 2010 levels, but many governments have adopted goals to increase biofuel’s share
fourfold or more. Such an increase globally would supply about 2 percent of total energy use
in 2050 but would increase the food gap from 56 to 78 percent. Still more ambitious goals—to
supply 20 percent of world energy from bioenergy by 2050—would require a quantity of biomass
equal to all the world’s harvested crops, crop residues, forage, and wood in 2000.

In the context of global food security it is important to be aware of the interrelationship of warming,
crops, and insect pests. Warming will result in significant yield losses of grain crops, the main ones of which
are wheat, rice, and corn.107 It should also be noted that steps can and should be taken “to make soils more
resilient to drought, produce more food and store emissions.”108

Besides other climate impacts on food production, elevated CO2 concentrations will negatively influence
dietary intake of iron, zinc and protein.109

It is instructive to consider the effect of what is referred to as the Great Drought (1875 to 18780) which
consisted of concurrent droughts in Asia, Brazil, and Africa. The Great Drought caused widespread crop
failures, and resulted in the the so-called Global Famine, leading to the death of more than 50 million people
and long-lasting impacts on communities. As the authors of a paper that studied the details of these events
point out:110

Climatic conditions that caused the Great Drought and Global Famine arose from natural vari-
ability, and their recurrence, with hydrological impacts intensified by global warming, could again
potentially undermine global food security.

11.2 United Nations report on food security in the world

In a recent report the United Nations shows that the number of undernourished people in the world has
been on the rise since 2014, reaching an estimated 821 million in 2017.111 The report reiterates that:112

There is mounting evidence of and broad consensus on the inequality-driven impacts and risks
related to climate shocks. Vulnerability emerges from the intersection of different inequalities and
uneven power structures and is therefore socially differentiated. For instance, the IPCC Fourth
Assessment Report identified poor and marginalized indigenous peoples in North America and
in Africa as highly vulnerable to climate shocks. [references omitted throughout]

As the report mentions, infants, young children and adolescent girls are often at higher risk and more
vulnerable to climate variability and extremes.113. In addition:114

In agriculture-dependent communities in low-income contexts, droughts have been found to in-
crease the likelihood of violence and prolonged conflict at the local level, which can eventually
pose a threat to societal stability and peace.

11.3 The great food transformation

The EAT-Lancet Commission on healthy diets from sustainable food systems writes in its executive summary
about food in the anthropocene:115

107C. A. Deutsch et al., “Increase in crop losses to insect pests in a warming climate.” In: Science 361.6405 (2018), pp. 916–919.
issn: 0036-8075. doi: 10.1126/science.aat3466. eprint: http://science.sciencemag.org/content/361/6405/916.full.pdf.
url: http://science.sciencemag.org/content/361/6405/916.
108Rumpel et al., supra note 100.
109M. R. Smith and S. S. Myers, “Impact of anthropogenic CO2 emissions on global human nutrition.” In: Nature Climate

Change 8 (Sept. 1, 2018), pp. 834–839. doi: 10.1038/s41558-018-0253-3. url: https://doi.org/10.1038/s41558-018-

0253-3.
110D. Singh et al., “Climate and the Global Famine of 1876–78.” In: Journal of Climate 31.23 (2018), pp. 9445–9467. doi:
10.1175/JCLI-D-18-0159.1. eprint: https://doi.org/10.1175/JCLI-D-18-0159.1. url: https://doi.org/10.1175/JCLI-D-

18-0159.1.
111The State of Food Security and Nutrition in the World 2018. Building climate resilience for food security and nutrition.

FAO, IFAD, UNICEF, WFP and WHO, 2018. url: http://www.fao.org/3/I9553EN/i9553en.pdf (visited on Mar. 14, 2019),
p. iii.
112Id., p. 91.
113Id., p. 91.
114Id., p. 84.
115Food in the Anthropocene. EAT—Lancet Commission on healthy diets from sustainable food systems. Jan. 16, 2019. url:
https://www.thelancet.com/commissions/EAT (visited on Jan. 18, 2019).
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The Commission quantitatively describes a universal healthy reference diet, based on an increase
in consumption of healthy foods (such as vegetables, fruits, whole grains, legumes, and nuts),
and a decrease in consumption of unhealthy foods (such as red meat, sugar, and refined grains)
that would provide major health benefits, and also increase the likelihood of attainment of the
Sustainable Development Goals.

There is strong evidence that food production, with its CO2 and N2O emissions, is among the largest
drivers of global climate change. As Fig. 5 shows, North America is a major contributor due to its consump-
tion of red meat, eggs, poultry, and dairy products.

Figure 5: Food consumption across various geographic regions of the earth

12 Additional, recent climate science results

With respect to extreme weather events we also mention that “climate change so far has enhanced the average
and extreme rainfall of hurricanes Katrina, Irma and Maria, but did not change tropical cyclone wind-speed
intensity.”116 Also note that “[c]ategory 4 landfalling hurricane Harvey poured more than a meter of rainfall

116C. M. Patricola and M. F. Wehner, “Anthropogenic influences on major tropical cyclone events.” In: Nature 563.7731
(2018), pp. 339–346. issn: 1476-4687. doi: 10.1038/s41586-018-0673-2. url: https://doi.org/10.1038/s41586-018-0673-

2.
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across the heavily populated Houston area, leading to unprecedented flooding and damage.”117

Another recent study by Lehmann et al.118 addresses weather extremes and finds that Central/East
United States, Northern Europe, and Russia have experienced extreme rainfall events leading to severe
floods. More specifically,

The global-mean number of record-wet months has significantly increased over the recent decades
and is now nearly 20% higher than would be expected in a stationary climate with no long-term
trends. This signal primarily comes from pronounced changes in the northern middle to high
latitudes where the occurrence of record-wet months has increased by up to 37% regionally. The
tropics have seen opposing trends: More record-wet months in Southeast Asia in contrast to more
record-dry months in Africa.

12.1 Health

Climate change raises serious concerns about environmental justice, one of the guiding principles of the Pe-
tition,119 because of the strong variations of exposure and resilience across populations and communities:120

People and communities are differentially exposed to hazards and disproportionately affected by
climate-related health risks. Populations experiencing greater health risks include children, older
adults, low-income communities, and some communities of color.

12.2 Indigenous Peoples

Volume II of the Fourth National Climate Assessment mentions in section 7 of it Summary Findings:121

Climate change increasingly threatens Indigenous communities’ livelihoods, economies, health,
and cultural identities by disrupting interconnected social, physical, and ecological systems.

Further details can be found in chapter 15.122

12.3 Rhode Island

The chapter of the Fourth National Climate Assessment, Volume II dealing with the Northeast makes clear
that:123

Northeast is projected to be more than 3.6◦F (2◦C) warmer on average than during the prein-
dustrial era. This would be the largest increase in the contiguous United States and would occur
as much as two decades before global average temperatures reach a similar milestone.

The region’s oceans and coasts support a rich maritime heritage and provide an iconic landscape,
as well as economic and ecological services. Highly productive marshes, fisheries, ecosystems,
and coastal infrastructure are sensitive to changing environmental conditions, including shifts in
temperature, ocean acidification, sea level, storm surge, flooding, and erosion. Many of these
changes are already affecting coastal and marine ecosystems, posing increasing risks to people,
traditions, infrastructure, and economies. These risks are exacerbated by increasing demands
on these ecosystems to support human use and development. The Northeast has experienced
some of the highest rates of sea level rise and ocean warming in the United States, and these

117W. Zhang et al., “Urbanization exacerbated the rainfall and flooding caused by hurricane Harvey in Houston.” In: Nature
563.7731 (2018), pp. 384–388. issn: 1476-4687. doi: 10.1038/s41586-018-0676-z. url: https://doi.org/10.1038/s41586-

018-0676-z.
118J. Lehmann, F. Mempel, and D. Coumou, “Increased Occurrence of Record-Wet and Record-Dry Months Reflect Changes

in Mean Rainfall.” In: Geophysical Research Letters 0.0 (). doi: 10 . 1029 / 2018GL079439. eprint: https : / / agupubs .

onlinelibrary.wiley.com/doi/pdf/10.1029/2018GL079439. url: https://agupubs.onlinelibrary.wiley.com/doi/abs/10.

1029/2018GL079439.
119See environmental justice in the index of supra note 1, p. 193; or follow this link.
120J. M. Balbus and G. Luber. In: Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment,

Volume II. ed. by D. Reidmiller et al. U.S. Global Change Research Program, Washington, DC, USA, 2018. Chap. Chapter 14:
Health. doi: 10.7930/NCA4.2018. url: https://nca2018.globalchange.gov/chapter/14/.
121See note 103.
122R. Novak and L. Jantarasam. In: Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assess-

ment, Volume II. ed. by D. Reidmiller et al. U.S. Global Change Research Program, Washington, DC, USA, 2018. Chap. Chapter
15: Tribes and Indiginous Peoples. doi: 10.7930/NCA4.2018. url: https://nca2018.globalchange.gov/chapter/15/.
123E. L. Mecray and L.-A. L. Dupigny-Giroux. In: Impacts, Risks, and Adaptation in the United States: Fourth National

Climate Assessment, Volume II. ed. by D. Reidmiller et al. U.S. Global Change Research Program, Washington, DC, USA,
2018. Chap. Chapter 18: Northeast. doi: 10.7930/NCA4.2018. url: https://nca2018.globalchange.gov/chapter/18/.
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exceptional increases relative to other regions are projected to continue through the end of the
century. [references omitted throughout]

The assessment also focuses on matters of environmentaljustice:124

Underrepresented communities, such as the poor, elderly, language-isolated, and recent immi-
grants, are more vulnerable due to their limited ability to prepare for and cope with extreme
weather and climate events. Service infrastructure in the Northeast is at increasing risk of dis-
ruption, resulting in lower quality of life, economic declines, and enhanced social inequality.
[references omitted throughout]

Health risks caused by to heat take a disproportionate toll on vulnerable populations such as outdoor
workers, young children, and the elderly, as discussed in more detail in the following:125

In the small, coastal northeastern state of Rhode Island (population of about 1 million), maximum
daily temperatures in the summer have trended upwards over the last 60 years such that Rhode
Islanders experienced about three more weeks of uncomfortably hot weather over 2015–2016
than in the 1950s (Figure 18.11, left panel [see Fig. 6]). A recent study looking at visits to
hospital emergency rooms (ERs) found that the risk of heat-related ER visits increased sharply
as maximum daily temperatures climbed above 80◦F (Figure 18.11, middle panel [see Fig. 6]).26
The researchers projected that with continued climate change, Rhode Islanders could experience
an additional 400 (6.8% more) heat-related ER visits each year by 2050 and up to an additional
1,500 (24.4% more) such visits each year by 2095 under the higher scenario (RCP8.5; Figure
18.11 [see Fig. 6], right panel ). Importantly, about 1,000 fewer annual heat-related ER visits
are projected for the end of the century under the lower scenario (RCP4.5) compared to the
higher scenario (RCP8.5), representing the potential protective benefit of limiting greenhouse
gas emissions. Such reductions would also lead to improvements in air pollution and health
starting today.

This is shown in more detail in Fig. 6126

Figure 6: Figure 18.11 of Chapter 18: Northeast of the Fourth National Climate Assessment, Vol. II, 2018.

12.3.1 Asthma in Rhode Island

As the Petition pointed out in section A.2.5:127

Air quality is expected to diminish with climate change, leading to negative impacts on lung
health. Ozone and CO2 contribute to smog, which exacerbates asthma and chronic obstructive
pulmonary disease.

124Mecray and Dupigny-Giroux, supra note 123.
125Id.
126Contact Gregory Wellenius (gregory wellenius@brown.edu) for any questions or additional information regarding this figure.
127See supra note 1, p. 38 or follow this link.
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A recent report128 form the RI Department of Health shows that there is a strong correlation between
poverty and asthma, and that the latter is prevalent in communities of color, which makes them particularly
susceptible to the effects of climate change.

13 Environmental justice and environmental racism are serious
problems in Rhode Island

“[T]he terms ‘environmental justice,’ ‘environmental racism,’ and ‘environmental equity’ have become house-
hold words,” as Robert. D. Bullard writes in the preface of the thirds edition of Dumping in Dixie—Race,
Class, and Environmental Quality, published first in 1990.

This terminology acquires new and more urgent meaning in view of climate change. The abstract of a
recent study reads as follows:129

Fine particulate matter (PM2.5) air pollution exposure is the largest environmental health risk
factor in the United States. Here, we link PM2.5 exposure to the human activities responsible
for PM2.5 pollution. We use these results to explore “pollution inequity”: the difference be-
tween the environmental health damage caused by a racial–ethnic group and the damage that
group experiences. We show that, in the United States, PM2.5 exposure is disproportionately
caused by consumption of goods and services mainly by the non-Hispanic white majority, but
disproportionately inhaled by black and Hispanic minorities. On average, non-Hispanic whites
experience a “pollution advantage”: They experience ∼17% less air pollution exposure than is
caused by their consumption. Blacks and Hispanics on average bear a “pollution burden” of 56%
and 63% excess exposure, respectively, relative to the exposure caused by their consumption.
The total disparity is caused as much by how much people consume as by how much pollution
they breathe. Differences in the types of goods and services consumed by each group are less
important. PM2.5 exposures declined ∼50% during 2002–2015 for all three racial–ethnic groups,
but pollution inequity has remained high.

This matter acquires additional, urgent meaning in light of a revelation by DeSmog that Rhode Island
Governor Gina Raimondo’s administration, silencing health and environmental justice concerns, suppressed
a critique of the National Grid natural gas liquefaction facility proposed for the Port of Providence.130

14 Federal policy: evolving from bad to worse

14.1 United States Department of State 2016 present near-meaningless emis-
sions reductions

The Petition discussed projections131 for greenhouse gas emissions submitted by the United States Depart-
ment of State in its 2014 Climate Action Report, the 2014 biennial report submitted to fulfill the nation’s
obligations under the United Nations Framework Convention on Climate Change (UNFCCC). The following
is from the subsequent, 2016 biennial report.

As the data and projections in Fig. 7 show, the United States greenhouse gas reductions are completely
inadequate.132

128Asthma in Rhode Island: Greater Providence Area. Rhode Island Department of Health, Feb. 2019. url: http://tinyurl.

com/RIDOH-asthma-2019 (visited on Mar. 4, 2019).
129C. W. Tessum et al., “Inequity in consumption of goods and services adds to racial–ethnic disparities in air pollution

exposure.” In: Proceedings of the National Academy of Sciences (2019). issn: 0027-8424. doi: 10.1073/pnas.1818859116.
eprint: https://www.pnas.org/content/early/2019/03/05/1818859116.full.pdf. url: https://www.pnas.org/content/

early/2019/03/05/1818859116.
130I. Vardi, Exclusive: Rhode Island Governor Nixed Agency Critiques of LNG Facility, Silencing Health and Justice Concerns.

DESMOD. Mar. 11, 2019. url: https://www.desmogblog.com/2019/03/11/rhode-island-governor-raimondo-silenced-

critique-national-grid-lng-health-justice/ (visited on Mar. 12, 2019).
131Table 4, supra note 1, p. 132.
132Data from Tab. 2, 2016 Second Biennial Report of the United States of America Under the United Nations Framework

Convention on Climate Change. United States Department of State, 2016. url: https://unfccc.int/files/national_

reports/biennial_reports_and_iar/submitted_biennial_reports/application/pdf/2016_second_biennial_report_of_

the_united_states_.pdf (visited on Dec. 30, 2018), p. 33.

March 17, 2019, 14:42, p. 23

http://tinyurl.com/RIDOH-asthma-2019
http://tinyurl.com/RIDOH-asthma-2019
https://doi.org/10.1073/pnas.1818859116
https://www.pnas.org/content/early/2019/03/05/1818859116.full.pdf
https://www.pnas.org/content/early/2019/03/05/1818859116
https://www.pnas.org/content/early/2019/03/05/1818859116
https://www.desmogblog.com/2019/03/11/rhode-island-governor-raimondo-silenced-critique-national-grid-lng-health-justice/
https://www.desmogblog.com/2019/03/11/rhode-island-governor-raimondo-silenced-critique-national-grid-lng-health-justice/
https://unfccc.int/files/national_reports/biennial_reports_and_iar/submitted_biennial_reports/application/pdf/2016_second_biennial_report_of_the_united_states_.pdf
https://unfccc.int/files/national_reports/biennial_reports_and_iar/submitted_biennial_reports/application/pdf/2016_second_biennial_report_of_the_united_states_.pdf
https://unfccc.int/files/national_reports/biennial_reports_and_iar/submitted_biennial_reports/application/pdf/2016_second_biennial_report_of_the_united_states_.pdf


Figure 7: Actual and projected energy consumption of the United Statesand its sources: gas (blue), coal
(green), and oil (orange). [1 EJ (exajoule)≈ 1015 BTU (British thermal unit).]

Note the following:

1. Fracked gas boom 2005—President’s Climate Action Plan claimed credit for this development in 2013;

2. US energy production nearly flat during 1990—2030; and

3. Impact of the shift from coal to gas is summarized in Tab. 1.

Table 1: Summary of data in Fig. 7. Caveat: data ignore fugitive methane

year coal gas CO2

2020 -7% +8% -6%
2030 -9% +10% -8%

14.2 National Highway Traffic Safety Administration: a fatally flawed analysis
of fuel economy

In its recent Draft Environmental Impact Statement, the United States Department of Transportation admits
that a huge increase of the global mean surface temperature is to be expected:133

Global mean surface temperature is projected to increase by approximately 3.48◦C (6.27◦F) under
the No Action Alternative by 2100. Implementing the lowest emissions alternative (Alternative
7) would increase this projected temperature rise by 0.001◦C (0.002◦F), while implementing

133The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Year 2021–2026 Passenger Cars and Light Trucks
(Docket No. NHTSA-2017-0069). US Department of Transportation, Nationalal Highway Traffic Safety Administration, July
2018. url: https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_my2021-26_deis_0.pdf (visited on
Dec. 27, 2018), S-15.
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the highest emissions alternative (Alternative 1) would increase projected temperature rise by
0.003◦C (0.005◦F).

Note the clash between “approximately” and the the three-digit accuracy quoted, a tell-tale sign of lack of
scientific sophistication. In spite of the projected, devastating temperature increase, the administration in
it impact statement has “identified as the Preferred Alternative, would require a 0.0 percent average annual
fleet-wide increase in fuel economy for both passenger cars and light trucks,” in other words business as
usual. A comment by states and cities mentions that the “relies on an analysis that used fundamentally
flawed and unjustified modeling.”134

Indeed the following simple back-of-the-envelope calculation reveals the bias hidden in the artificially
narrow range of options considered. The US is responsible for 15% of current CO2 emissions.135 Of that 34%
of is due to transportation, as shown in Fig. 8.136 The same figure shows that 59% comes from passenger cars
and light trucks. If by 2100 we expect a 3.5◦C temperature increase, 0.1◦C of that is due to US passenger cars
and light trucks which is 30 to 40 times the number mentioned by in the US Department of Transportation
Draft Environment Impact statement.

Figure 8: Contribution of Transportation to U.S. Carbon Dioxide Emissions

14.3 Paris Agreement

The journal Energy Efficiency devoted a recent issue entirely to the problem of keeping the global temperature
increase below 1.5 ◦C above preindustrial levels as is a goal of the Paris Agreement. An editorial review
paper dealing with the papers featured in the issue concludes that:137

Limiting warming to 1.5 ◦C requires, more than ever, a plurality of methods and integrated
behavioral and technology approaches to better support policymaking and resulting policy inter-
ventions.

To underline the importance of the 1.5 ◦goal, we mention a recent study by Vicedo-Cabrera et al.138 The
results of this comprehensive recent study suggest that limiting warming to below 2◦C is likely to prevent

134States and Cities Comments on Docket IDs: EPA-HQ-OAR-2018-0283 / NHTSA-2018-0067. States of California, Con-
necticut, Delaware, Hawaii, Iowa, Illinois, Maine, Maryland, Minnesota, New Jersey, New Mexico, New York, North Carolina,
Oregon, Rhode Island, Vermont, et al., Oct. 26, 2018. url: https://www.mass.gov/files/documents/2018/10/26/States%

20and%20Cities%20Detailed%20Comments_0.pdf (visited on Dec. 29, 2018), p. 49.
135See supra note 1, p. 28 or follow this link.
136Figure S-3 supra note 133, S13.
137L. Mundaca, D. Ürge-Vorsatz, and C. Wilson, “Demand-side approaches for limiting global warming to 1.5 ◦C.” in: Energy

Efficiency (2018). issn: 1570-6478. doi: 10.1007/s12053-018-9722-9. url: https://doi.org/10.1007/s12053-018-9722-9.
138A. M. Vicedo-Cabrera et al., “Temperature-related mortality impacts under and beyond Paris Agreement climate change

scenarios.” In: Climatic Change 150.3 (2018-10-01), pp. 391–402. issn: 1573-1480. doi: 10.1007/s10584-018-2274-3. url:
https://doi.org/10.1007/s10584-018-2274-3.

March 17, 2019, 14:42, p. 25

https://www.mass.gov/files/documents/2018/10/26/States%20and%20Cities%20Detailed%20Comments_0.pdf
https://www.mass.gov/files/documents/2018/10/26/States%20and%20Cities%20Detailed%20Comments_0.pdf
https://naturestrustri.org/wp-content/uploads/2018/09/RIDEMPetition-20180904-FINAL.pdf#page=35
https://doi.org/10.1007/s12053-018-9722-9
https://doi.org/10.1007/s12053-018-9722-9
https://doi.org/10.1007/s10584-018-2274-3
https://doi.org/10.1007/s10584-018-2274-3


large increases in temperature-related mortality in most regions worldwide. The study assumes absence of
changes in demographic distribution and vulnerability. In other words, it ignores the fact that simultaneous
extreme events will have impacts larger than the sum of their parts, as discussed in the Petition.139

Such issues were recently investigated by Sarhadi et al. who state140

We find that, globally, anthropogenic climate forcing has doubled the joint probability of years
that are both warm and dry in the same location (relative to the 1961–1990 baseline).

Even more difficult to model and predict are geopolitical, migration,mass migration and refugee prob-
lems.141. See section 7, page 13.

15 Greenhouse gas emission budgets

The Petition relies heavily on the concept “global emissions budget.”142 In its simplest form this concept
states that “place and time of emission of CO2 have negligible impact on global warming.”143 This assump-
tion provides a powerful conceptual simplification. In that sense is useful, but it should be realized that
it ignores strong, non-linear feedbacks in the climate system and path-dependent tipping points. Indeed, a
recent study investigates one of these potential, run-away feedback loops:144

Here we investigate how emission budgets are impacted by the inclusion of CO2 and CH4 emissions
caused by permafrost thaw, a non-linear and tipping process of the Earth system. . . . We found
that permafrost carbon release makes emission budgets path dependent (that is, budgets also
depend on the pathway followed to reach the target).

The results reported in this paper strongly support the rule proposed in the Petition,145 namely that the
emission budget should be accounted for by means of carbon equivalents defined in terms of the instantaneous
global warming potential.

16 Negative emissions

The National Academies of Sciences, Engineering, and Medicine came out with a consensus study report
entitled Negative Emissions Technologies and Reliable Sequestration: A Research Agenda (2018).146 The
report focuses on technologies that take CO2 out of the atmosphere for storage in geological repositories and
the biosphere. These so-called negative emissions methods have not received as much attention as traditional
mitigation approaches, such as renewable electric power, increased energy efficiency, and carbon capture and
storage of emissions from fossil power plants. The following is a brief summary of the main points of the
report:

Conclusion 1: Negative emissions technologies are best viewed as a component of the mitigation port-
folio, rather than a way to decrease atmospheric concentrations of carbon dioxide only after anthro-
pogenic emissions have been eliminated.

Conclusion 2: Four negative emissions technologies are ready for large-scale deployment: afforesta-
tion/reforestation, changes in forest management, uptake and storage by agricultural soils, and biomass
energy with carbon capture and storage (BECCS).

139Section A.6.27.2 supra note 1, p. 108.
140A. Sarhadi et al., “Multidimensional risk in a nonstationary climate: Joint probability of increasingly severe warm and dry

conditions.” In: Science Advances 4.11 (2018). doi: 10.1126/sciadv.aau3487. eprint: http://advances.sciencemag.org/

content/4/11/eaau3487.full.pdf. url: http://advances.sciencemag.org/content/4/11/eaau3487.
141In this context we refer to the Petition, section A.8 supra note 1, p. 116.
142See global emissions budget in the index of Id., p. 193; or follow this link.
143See Section A 10 and references therein Id., p. 133
144T. Gasser et al., “Path-dependent reductions in CO2 emission budgets caused by permafrost carbon release.” In: Nature

Geoscience 11.11 (2018), pp. 830–835. issn: 1752-0908. doi: 10.1038/s41561-018-0227-0. url: https://doi.org/10.

1038/s41561-018-0227-0; also see the correction in T. Gasser et al., “Author Correction: Path-dependent reductions in CO2

emission budgets caused by permafrost carbon release.” In: Nature Geoscience (2018). issn: 1752–0908. doi: 10.1038/s41561-
018-0273-7. url: https://doi.org/10.1038/s41561-018-0273-7.
145Section 1.2.6-7 supra note 1, p. 7.
146National Academies of Sciences, Engineering, and Medicine, Negative Emissions Technologies and Reliable Sequestration:

A Research Agenda. Washington, DC: The National Academies Press, 2018. isbn: 978-0-309-48449-7. doi: 10.17226/25259.
url: https://www.nap.edu/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-

agenda.
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Conclusion 3: Current negative emissions technologies with direct costs that do not exceed $100/tCO2

can be safely scaled up to capture and store substantial amounts of carbon, but significantly less than
1 GtCO2/y in the United States and 10 GtCO2/y globally.

Conclusion 4: If the goals for climate and economic growth are to be achieved, negative emissions
technologies will likely need to play a large role in mitigating climate change by removing 10 GtCO2/y
globally by midcentury and 20 GtCO2/y globally by the century’s end.

Conclusion 5: Afforestation/reforestation, agricultural soils, forest management, and BECCS [biomass
energy with carbon capture and storage] can already be deployed at significant levels, but limited
per-hectare rates of carbon uptake by agricultural soils and competition with food and biodiversity
for land (for afforestation/reforestation, forest management, and BECCS [biomass energy with carbon
capture and storage]) will likely limit negative emissions from these options to significantly less than
10GtCO2/y, globally.

Conclusion 6: Direct air capture and carbon mineralization have high potential capacity for removing
carbon, but direct air capture is currently limited by high cost and carbon mineralization by a lack of
fundamental understanding.

Conclusion 7: Although their potential for removing carbon is lower than other negative emissions
technologies, coastal blue carbon approaches warrant continued exploration and support. The cost of
the carbon removal is low or zero because investments in many coastal blue carbon projects target other
benefits such as ecosystem services and coastal adaptation. Understanding of the impacts of sea-level
rise, coastal management, and other climate impacts on future uptake rates should be improved.

Conclusion 8: Several carbon mitigation research efforts would also support the advancement of neg-
ative emissions technologies. Research on geologic storage of carbon dioxide is critical to improve
decarbonization of fossil fuel power plants, and also critical for advancing direct air capture and
BECCS [biomass energy with carbon capture and storage]. Similarly, research on biofuels would also
advance BECCS.

Recommendation: The nation should launch a substantial research initiative to advance negative emis-
sions technologies (NETs) as soon as practicable. A substantial investment would (1) improve existing
NETs (i.e., coastal blue carbon, afforestation/reforestation, changes in forest management, uptake and
storage by agricultural soils, and biomass energy with carbon capture and sequestration) to increase
the capacity and to reduce their negative impacts and costs; (2) make rapid progress on direct air
capture and carbon mineralization technologies, which are underexplored, but would have essentially
unlimited capacity if the high costs and many unknowns could be overcome; and (3) advance NET-
enabling [negative emissions technologies enabling] research on biofuels and carbon sequestration that
should be undertaken anyway as part of an emissions mitigation research portfolio.

A study by Fargione et al. demonstrates potential of natural approaches:147

We quantified the potential of natural climate solutions (NCS)— conservation, restoration, and
improved land management interventions on natural and agricultural lands—to increase carbon
storage and avoid greenhouse gas emissions in the United States. We found a maximum potential
of 1.2 (0.9 to 1.6) Pg CO2e year−1, the equivalent of 21% of current net annual emissions of the
United States.

17 Second State of the Carbon Cycle Report elucidates vital con-
cepts of the Petition

The Petition dealt at length with the problem of expressing the impact of different, short- and long-lived
greenhouse gases in a single “currency.” For this purpose the carbon dioxide equivalent is employed.148 In
its critique of the usage of this metric, the Second State of the Carbon Cycle Report notes:149

147J. E. Fargione et al., “Natural climate solutions for the United States.” In: Science Advances 4.11 (2018). doi: 10.

1126 / sciadv . aat1869. eprint: http : / / advances . sciencemag . org / content / 4 / 11 / eaat1869 . full . pdf. url: http :

//advances.sciencemag.org/content/4/11/eaat1869.
148See carbon dioxide equivalent in the index of supra note 1, p. 193; or follow this link.
149USGCRP, Second State of the Carbon Cycle Report (SOCCR2): A Sustained Assessment Report. Ed. by N. Cavallaro

et al. U.S. Global Change Research Program, Washington, DC, USA, 2018, pp. 1–878. doi: 10.7930/SOCCR2.2018. eprint:
https://www.publicgardens.org/file/34791/download?token=uFzDJ8f8. url: https://carbon2018.globalchange.gov/

downloads/SOCCR2_2018_FullReport.pdf, p. 12.
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This semi-arbitrary but common choice of the 100-year analytical time horizon tends to de-
emphasize the near-term climate impacts of CH4 and other short-lived climate forcers. Although
best practices call for reporting GWP20 and GWP100 values together as a pair (Ocko . . . )
or using temporally explicit climate impact accounting that avoids the issue of time horizon
altogether, most of the previous studies available to inform this report evaluated climate impacts
on a GWP100 basis only. [references omitted throughout]

It is abundantly clear that use of the 100-year horizon is not consistent with the policy recommendations
contained in the Intergovernmental Panel on Climate Change (IPCC) Special Report discussed in section 3,
page 7.

The report also contains a detailed study of another vital concept in the Petition, namely embodied
emissions.150 The corresponding CO2 emission flows relevant for consumption-based emissions151 accounting
are shown in Fig. 9 which contains the global carbon flow152,153

Figure 9: Fossil fuel carbon flows from extraction to consumption.

18 The science of attribution is progressing

Climate science has identified extreme weather events that could not have happened without anthropogenic
climate change. In December of 2018,154 the American Meteorological Society published its 2017 report con-
taining a series of attribution studies Explaining Extreme Events of 2011–2017 from a Climate Perspective.155

This report further corroborates the attribution studies discussed in the Petition.156

150See embodied emissions in the index of supra note 1, p. 193; or follow this link.
151See consumption-based inventory in the index of Id., p. 193; or follow this link.
152Fig.D.2.b of R. Birdsey et al. In: Second State of the Carbon Cycle Report (SOCCR2): A Sustained Assessment Report.

Ed. by N. Cavallaro et al. U.S. Global Change Research Program, Washington, DC, USA, 2018. Chap. Appendix D: Carbon
measurement approaches and accounting frameworks, pp. 834–838. doi: 10 . 7930 / SOCCR2 . 2018 . AppD. url: https : / /

carbon2018.globalchange.gov/downloads/SOCCR2_AppD.pdf, p. 837.
153C. Le Quéré et al., “Global Carbon Budget 2018.” In: Earth Syst. Sci. Data 10 (2018), pp. 2141–2194. doi: 10.5194/essd-
10-2141-2018. url: https://www.earth-syst-sci-data.net/10/2141/2018/.
154Heatwaves, Droughts and Floods Among Recent Weather Extremes Linked to Climate Change. American Meteorological

Society. Dec. 10, 2018. url: https://www.ametsoc.org/index.cfm/ams/about- ams/news/news- releases/heatwaves-

droughts-and-floods-among-recent-weather-extremes-linked-to-climate-change/.
155Explaining Extreme Events from a Climate Perspective. American Meteorological Society. Dec. 10, 2018. url: https:

//www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-meteorological-society-bams/explaining-

extreme-events-from-a-climate-perspective/.
156See attribution in the index of supra note 1, p. 193; or follow this link.
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19 2018: the costliest year for natural disasters

Munich Re Group or Munich Reinsurance Company one of the world’s leading reinsurance companies put
out a report stating:157

The costliest natural catastrophesnatural disasters occurred in the United States in 2018 with
one of California’s devastating wildfires and Hurricane Michael topping the list . . . .

According to Munich Re, California saw its worst-ever wildfire season for the second year running. The
report on last year’s natural disasters pointed to “clear indications” that human-made climate change is a
factor in California’s wildfires.158
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Mundaca, L., D. Ürge-Vorsatz, and C. Wilson, “Demand-side approaches for limiting global warming to

1.5 ◦C.” In: Energy Efficiency (2018). issn: 1570-6478. doi: 10.1007/s12053- 018- 9722- 9. url:
https://doi.org/10.1007/s12053-018-9722-9.

National Academies of Sciences, Engineering, and Medicine, Negative Emissions Technologies and Reliable
Sequestration: A Research Agenda. Washington, DC: The National Academies Press, 2018. isbn: 978-
0-309-48449-7. doi: 10 . 17226 / 25259. url: https : / / www . nap . edu / catalog / 25259 / negative -

emissions-technologies-and-reliable-sequestration-a-research-agenda.
National Oceanic and Atmospheric Administration (NOAA), Arctic Report Card 2018. Ed. by E. Osborne,

J. Richter-Menge, and M. M. Jeffries. 2018. eprint: ftp://ftp.oar.noaa.gov/arctic/documents/
ArcticReportCard_full_report2018.pdf. url: https://www.arctic.noaa.gov/Report-Card.

Nerem, R. S. et al., “Climate-change-driven accelerated sea-level rise detected in the altimeter era.” In: Pro-
ceedings of the National Academy of Sciences (2018). issn: 0027-8424. doi: 10.1073/pnas.1717312115.
eprint: http://www.pnas.org/content/early/2018/02/06/1717312115.full.pdf. url: http:
//www.pnas.org/content/early/2018/02/06/1717312115.

New federal climate assessment for U.S. released: Report highlights impacts, risks and adaptations to climate
change. ScienceDaily. Nov. 25, 2018. url: https://www.sciencedaily.com/releases/2018/11/

181125113728.htm.
Nordqvist, P. and F. Krampe, “Climate Change and Violent Conflict: Sparse Evidence From South Asia and

South East Asia.” In: SIPRI Insights on Peace and Security 4 (Sept. 2018). url: https://www.sipri.
org/sites/default/files/2018-09/sipriinsight1804.pdf.

Novak, R. and L. Jantarasam. In: Impacts, Risks, and Adaptation in the United States: Fourth National
Climate Assessment, Volume II. Ed. by D. Reidmiller et al. U.S. Global Change Research Program,
Washington, DC, USA, 2018. Chap. Chapter 15: Tribes and Indiginous Peoples. doi: 10.7930/NCA4.2018.
url: https://nca2018.globalchange.gov/chapter/15/.

Olhoff, A. and J. Christensen, eds., Emissions Gap Report 2018. United Nations Environment Programme,
Nov. 2018. url: http://wedocs.unep.org/bitstream/handle/20.500.11822/26895/EGR2018_

FullReport_EN.pdf.
Oltmanns, M., F. Fiammetta Straneo, and M. Tedesco, “Year-round triggers of melt over Greenland.” In:

The Cryosphere 13 (2019), pp. 815–825. doi: 10.5194/tc-13-815-2019. url: https://www.the-
cryosphere.net/13/815/2019/tc-13-815-2019.pdf.

March 17, 2019, 14:42, p. 31

https://www.insurancejournal.com/news/international/2019/01/08/514206.htm
https://www.insurancejournal.com/news/international/2019/01/08/514206.htm
https://doi.org/10.1088/1748-9326/aaf303
http://stacks.iop.org/1748-9326/13/i=12/a=120401
http://stacks.iop.org/1748-9326/13/i=12/a=120401
https://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/WMO_Briefing_to_UNSC_Final_25_Jan_2019_1.pdf
https://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/WMO_Briefing_to_UNSC_Final_25_Jan_2019_1.pdf
https://www.eastwest.ngo/sites/default/files/iraq-climate-related-security-risk-assessment.pdf
https://www.eastwest.ngo/sites/default/files/iraq-climate-related-security-risk-assessment.pdf
https://doi.org/10.5194/essd-10-2141-2018
https://www.earth-syst-sci-data.net/10/2141/2018/
https://doi.org/10.1029/2018GL079439
https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2018GL079439
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2018GL079439
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2018GL079439
https://www.munichre.com/topics-online/en/climate-change-and-natural-disasters/natural-disasters/the-natural-disasters-of-2018-in-figures.html
https://www.munichre.com/topics-online/en/climate-change-and-natural-disasters/natural-disasters/the-natural-disasters-of-2018-in-figures.html
https://www.munichre.com/topics-online/en/climate-change-and-natural-disasters/natural-disasters/the-natural-disasters-of-2018-in-figures.html
https://doi.org/10.7930/NCA4.2018
https://nca2018.globalchange.gov/chapter/18/
https://doi.org/10.1038/s41558-018-0315-6
https://doi.org/10.1038/s41558-018-0315-6
https://doi.org/10.1038/s41558-018-0315-6
https://doi.org/10.1007/s12053-018-9722-9
https://doi.org/10.1007/s12053-018-9722-9
https://doi.org/10.17226/25259
https://www.nap.edu/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-agenda
https://www.nap.edu/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-agenda
ftp://ftp.oar.noaa.gov/arctic/documents/ArcticReportCard_full_report2018.pdf
ftp://ftp.oar.noaa.gov/arctic/documents/ArcticReportCard_full_report2018.pdf
https://www.arctic.noaa.gov/Report-Card
https://doi.org/10.1073/pnas.1717312115
http://www.pnas.org/content/early/2018/02/06/1717312115.full.pdf
http://www.pnas.org/content/early/2018/02/06/1717312115
http://www.pnas.org/content/early/2018/02/06/1717312115
https://www.sciencedaily.com/releases/2018/11/181125113728.htm
https://www.sciencedaily.com/releases/2018/11/181125113728.htm
https://www.sipri.org/sites/default/files/2018-09/sipriinsight1804.pdf
https://www.sipri.org/sites/default/files/2018-09/sipriinsight1804.pdf
https://doi.org/10.7930/NCA4.2018
https://nca2018.globalchange.gov/chapter/15/
http://wedocs.unep.org/bitstream/handle/20.500.11822/26895/EGR2018_FullReport_EN.pdf
http://wedocs.unep.org/bitstream/handle/20.500.11822/26895/EGR2018_FullReport_EN.pdf
https://doi.org/10.5194/tc-13-815-2019
https://www.the-cryosphere.net/13/815/2019/tc-13-815-2019.pdf
https://www.the-cryosphere.net/13/815/2019/tc-13-815-2019.pdf


Patricola, C. M. and M. F. Wehner, “Anthropogenic influences on major tropical cyclone events.” In: Nature
563.7731 (2018), pp. 339–346. issn: 1476-4687. doi: 10 . 1038 / s41586 - 018 - 0673 - 2. url: https :

//doi.org/10.1038/s41586-018-0673-2.
Petition of Youth and Young Adult Petitioners and Sisters of Mercy Ecology, Mercy Ecology Inc., and

Nature’s Trust Rhode Island to the Rhode Island Department of Environmental Management. Sept. 4,
2018. url: https://naturestrustri.org/wp-content/uploads/2018/11/RIDEMPetition-20180904-
FINAL-amended.pdf.

Preliminary US Emissions Estimates for 2018. Rhodium Group. Jan. 8, 2019. url: https://rhg.com/
research/preliminary-us-emissions-estimates-for-2018/ (visited on Jan. 11, 2019).

Press Office, Faster CO2 rise expected in 2019. Met Office. url: https://www.metoffice.gov.uk/about-
us/press-office/news/weather-and-climate/2019/2019-carbondioxide-forecast (visited on
Mar. 5, 2019).

Provisional statement on the State of the Global Climate in 2018. World Meteorological Organization. Feb. 7,
2019. url: http://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/
files/Draft_Statement_7_February.pdf?5.6rzIGwBm5lwDSTPbgprB2_EgrjzRVY (visited on Mar. 7,
2019).

Reinmann, A. B. et al., “Declines in northern forest tree growth following snowpack decline and soil freez-
ing.” In: Global Change Biology 0.0 (2018), pp. 1–11. doi: 10.1111/gcb.14420. eprint: https://

onlinelibrary.wiley.com/doi/pdf/10.1111/gcb.14420. url: https://onlinelibrary.wiley.com/
doi/abs/10.1111/gcb.14420.

Renewable Fuel Standard Program. Environmental Protection Agency. url: https : / / www . epa . gov /

renewable-fuel-standard-program/overview-renewable-fuel-standard (visited on Jan. 6, 2019).
Rignot, E. et al., “Four decades of Antarctic Ice Sheet mass balance from 1979–2017.” In: Proceedings of

the National Academy of Sciences (2019). issn: 0027-8424. doi: 10.1073/pnas.1812883116. eprint:
https://www.pnas.org/content/early/2019/01/08/1812883116.full.pdf. url: https://www.
pnas.org/content/early/2019/01/08/1812883116.

Rumpel, C. et al., “Put more carbon in soils to meet Paris climate pledges.” In: Nature 564 (2018), pp. 32–34.
doi: 10.1038/d41586-018-07587-4. url: https://www.nature.com/articles/d41586-018-07587-4.

Sarhadi, A. et al., “Multidimensional risk in a nonstationary climate: Joint probability of increasingly severe
warm and dry conditions.” In: Science Advances 4.11 (2018). doi: 10.1126/sciadv.aau3487. eprint:
http://advances.sciencemag.org/content/4/11/eaau3487.full.pdf. url: http://advances.
sciencemag.org/content/4/11/eaau3487.

Schoolmeester, T. et al., Global Linkages—A graphic look at the changing Arctic. UN Environment and
GRID-Arendal, 2019. url: https://wedocs.unep.org/bitstream/handle/20.500.11822/27687/
Arctic_Graphics.pdf (visited on Mar. 14, 2019).

Searchinger, T. et al., SYNTHESIS REPORT: Creating a Sustainable Food Future: A Menu of Solutions to
Feed Nearly 10 Billion People by 2050. Ed. by E. Matthews. World Resources Institute, Dec. 2018. url:
https://wriorg.s3.amazonaws.com/s3fs-public/creating-sustainable-food-future_0.pdf.

Singh, D. et al., “Climate and the Global Famine of 1876–78.” In: Journal of Climate 31.23 (2018), pp. 9445–
9467. doi: 10.1175/JCLI-D-18-0159.1. eprint: https://doi.org/10.1175/JCLI-D-18-0159.1. url:
https://doi.org/10.1175/JCLI-D-18-0159.1.

Smith, M. R. and S. S. Myers, “Impact of anthropogenic CO2 emissions on global human nutrition.” In:
Nature Climate Change 8 (Sept. 1, 2018), pp. 834–839. doi: 10.1038/s41558- 018- 0253- 3. url:
https://doi.org/10.1038/s41558-018-0253-3.

Smith, W. and G. Wagner, “Stratospheric aerosol injection tactics and costs in the first 15 years of deploy-
ment.” In: Environmental Research Letters 13.12 (2018), p. 124001. url: http://stacks.iop.org/1748-
9326/13/i=12/a=124001.

States and Cities Comments on Docket IDs: EPA-HQ-OAR-2018-0283 / NHTSA-2018-0067. States of Cal-
ifornia, Connecticut, Delaware, Hawaii, Iowa, Illinois, Maine, Maryland, Minnesota, New Jersey, New
Mexico, New York, North Carolina, Oregon, Rhode Island, Vermont, et al., Oct. 26, 2018. url: https:
//www.mass.gov/files/documents/2018/10/26/States%20and%20Cities%20Detailed%20Comments_

0.pdf (visited on Dec. 29, 2018).
Summary for Policymakers of IPCC Special Report on Global Warming of 1.5 ◦C approved by governments.

Intergovernmental Panel on Climate Change (IPCC). Oct. 8, 2018. url: https://www.ipcc.ch/site/
assets/uploads/2018/11/pr_181008_P48_spm_en.pdf (visited on Jan. 1, 2019).

Taller plants moving into Arctic because of climate change. ScienceDaily. Sept. 26, 2018. url: https :

//www.sciencedaily.com/releases/2018/09/180926140816.htm.
Tessum, C. W. et al., “Inequity in consumption of goods and services adds to racial–ethnic disparities in

air pollution exposure.” In: Proceedings of the National Academy of Sciences (2019). issn: 0027-8424.

March 17, 2019, 14:42, p. 32

https://doi.org/10.1038/s41586-018-0673-2
https://doi.org/10.1038/s41586-018-0673-2
https://doi.org/10.1038/s41586-018-0673-2
https://naturestrustri.org/wp-content/uploads/2018/11/RIDEMPetition-20180904-FINAL-amended.pdf
https://naturestrustri.org/wp-content/uploads/2018/11/RIDEMPetition-20180904-FINAL-amended.pdf
https://rhg.com/research/preliminary-us-emissions-estimates-for-2018/
https://rhg.com/research/preliminary-us-emissions-estimates-for-2018/
https://www.metoffice.gov.uk/about-us/press-office/news/weather-and-climate/2019/2019-carbondioxide-forecast
https://www.metoffice.gov.uk/about-us/press-office/news/weather-and-climate/2019/2019-carbondioxide-forecast
http://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/Draft_Statement_7_February.pdf?5.6rzIGwBm5lwDSTPbgprB2_EgrjzRVY
http://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/Draft_Statement_7_February.pdf?5.6rzIGwBm5lwDSTPbgprB2_EgrjzRVY
https://doi.org/10.1111/gcb.14420
https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcb.14420
https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcb.14420
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.14420
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.14420
https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard
https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard
https://doi.org/10.1073/pnas.1812883116
https://www.pnas.org/content/early/2019/01/08/1812883116.full.pdf
https://www.pnas.org/content/early/2019/01/08/1812883116
https://www.pnas.org/content/early/2019/01/08/1812883116
https://doi.org/10.1038/d41586-018-07587-4
https://www.nature.com/articles/d41586-018-07587-4
https://doi.org/10.1126/sciadv.aau3487
http://advances.sciencemag.org/content/4/11/eaau3487.full.pdf
http://advances.sciencemag.org/content/4/11/eaau3487
http://advances.sciencemag.org/content/4/11/eaau3487
https://wedocs.unep.org/bitstream/handle/20.500.11822/27687/Arctic_Graphics.pdf
https://wedocs.unep.org/bitstream/handle/20.500.11822/27687/Arctic_Graphics.pdf
https://wriorg.s3.amazonaws.com/s3fs-public/creating-sustainable-food-future_0.pdf
https://doi.org/10.1175/JCLI-D-18-0159.1
https://doi.org/10.1175/JCLI-D-18-0159.1
https://doi.org/10.1175/JCLI-D-18-0159.1
https://doi.org/10.1038/s41558-018-0253-3
https://doi.org/10.1038/s41558-018-0253-3
http://stacks.iop.org/1748-9326/13/i=12/a=124001
http://stacks.iop.org/1748-9326/13/i=12/a=124001
https://www.mass.gov/files/documents/2018/10/26/States%20and%20Cities%20Detailed%20Comments_0.pdf
https://www.mass.gov/files/documents/2018/10/26/States%20and%20Cities%20Detailed%20Comments_0.pdf
https://www.mass.gov/files/documents/2018/10/26/States%20and%20Cities%20Detailed%20Comments_0.pdf
https://www.ipcc.ch/site/assets/uploads/2018/11/pr_181008_P48_spm_en.pdf
https://www.ipcc.ch/site/assets/uploads/2018/11/pr_181008_P48_spm_en.pdf
https://www.sciencedaily.com/releases/2018/09/180926140816.htm
https://www.sciencedaily.com/releases/2018/09/180926140816.htm


doi: 10.1073/pnas.1818859116. eprint: https://www.pnas.org/content/early/2019/03/05/

1818859116.full.pdf. url: https://www.pnas.org/content/early/2019/03/05/1818859116.
The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Year 2021–2026 Passenger Cars and

Light Trucks (Docket No. NHTSA-2017-0069). US Department of Transportation, Nationalal Highway
Traffic Safety Administration, July 2018. url: https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/
documents/ld_cafe_my2021-26_deis_0.pdf (visited on Dec. 27, 2018).

The State of Food Security and Nutrition in the World 2018. Building climate resilience for food security
and nutrition. FAO, IFAD, UNICEF, WFP and WHO, 2018. url: http://www.fao.org/3/I9553EN/
i9553en.pdf (visited on Mar. 14, 2019).

Tollefson, J., “Greenland is losing ice at fastest rate in 350 years.” In: Nature (Dec. 5, 2018). doi: 10.1038/
d41586-018-07617-1. url: https://www.nature.com/articles/d41586-018-07617-1/.

— “IPCC says limiting global warming to 1.5 ◦C will require drastic action.” In: Nature 562 (Oct. 8, 2018),
pp. 172–173. doi: 10.1038/d41586- 018- 06876- 2. url: https://www.nature.com/magazine-

assets/d41586-018-06876-2/d41586-018-06876-2.pdf.
Trusel, L. D. et al., “Nonlinear rise in Greenland runoff in response to post-industrial Arctic warming.”

In: Nature 564.7734 (2018), pp. 104–108. issn: 1476-4687. doi: 10.1038/s41586-018-0752-4. url:
https://doi.org/10.1038/s41586-018-0752-4.

USGCRP, Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Vol-
ume II. Ed. by D. Reidmiller et al. U.S. Global Change Research Program, Washington, DC, USA, 2018,
pp. 1–1515. doi: 10.7930/NCA4.2018. url: https://nca2018.globalchange.gov/downloads/NCA4_
2018_FullReport.pdf.

USGCRP, Second State of the Carbon Cycle Report (SOCCR2): A Sustained Assessment Report. Ed. by
N. Cavallaro et al. U.S. Global Change Research Program, Washington, DC, USA, 2018, pp. 1–878. doi:
10.7930/SOCCR2.2018. eprint: https://www.publicgardens.org/file/34791/download?token=
uFzDJ8f8. url: https://carbon2018.globalchange.gov/downloads/SOCCR2_2018_FullReport.pdf.

Vardi, I., Exclusive: Rhode Island Governor Nixed Agency Critiques of LNG Facility, Silencing Health and
Justice Concerns. DESMOD. Mar. 11, 2019. url: https://www.desmogblog.com/2019/03/11/rhode-
island-governor-raimondo-silenced-critique-national-grid-lng-health-justice/ (visited on
Mar. 12, 2019).

Vicedo-Cabrera, A. M. et al., “Temperature-related mortality impacts under and beyond Paris Agreement
climate change scenarios.” In: Climatic Change 150.3 (2018-10-01), pp. 391–402. issn: 1573-1480. doi:
10.1007/s10584-018-2274-3. url: https://doi.org/10.1007/s10584-018-2274-3.

Walter Anthony, K. et al., “21st-century modeled permafrost carbon emissions accelerated by abrupt thaw
beneath lakes.” In: Nature Communications 9.1 (2018), p. 3262. doi: 10.1038/s41467-018-05738-9.
url: https://doi.org/10.1038/s41467-018-05738-9.

Watts, N. et al., “The 2018 report of the Lancet Countdown on health and climate change: shaping the health
of nations for centuries to come.” In: The Lancet (Dec. 2, 2018). issn: 0140-6736. doi: 10.1016/S0140-
6736(18)32594-7. url: https://doi.org/10.1016/S0140-6736(18)32594-7.

Wester, P. et al., eds., The Hindu Kush Himalaya Assessment—Mountains, Climate Change, Sustainabil-
ity and People. Springer Nature Switzerland AG, Cham., 2019. url: https://link.springer.com/
content/pdf/10.1007%2F978-3-319-92288-1.pdf.

What is The Third Pole? thethirdpole.net. url: https://www.thethirdpole.net/en/about/ (visited on
Feb. 5, 2019).

WMO addresses UN Security Council for first time. World Meteorological Organization. Jan. 25, 2019. url:
https://public.wmo.int/en/media/press- release/wmo- addresses- un- security- council-

first-time (visited on Mar. 4, 2019).
Xu, Y., V. Ramanathan, and D. G. David G. Victor, “Global warming will happen faster than we think.”

In: Nature 564 (2018), pp. 30–32. doi: 10.1038/d41586-018-07586-5. url: https://www.nature.
com/articles/d41586-018-07586-5.

Zhang, W. et al., “Urbanization exacerbated the rainfall and flooding caused by hurricane Harvey in Hous-
ton.” In: Nature 563.7731 (2018), pp. 384–388. issn: 1476-4687. doi: 10.1038/s41586-018-0676-z.
url: https://doi.org/10.1038/s41586-018-0676-z.

20.2 List of Figures

1 Percentage of CO2 emissions by world population . . . . . . . . . . . . . . . . . . . . . . . . . 2
2 Annual land and sea surface temperature anomalies . . . . . . . . . . . . . . . . . . . . . . . 7
3 The causal pathways between climate change and human health. . . . . . . . . . . . . . . . . 16

March 17, 2019, 14:42, p. 33

https://doi.org/10.1073/pnas.1818859116
https://www.pnas.org/content/early/2019/03/05/1818859116.full.pdf
https://www.pnas.org/content/early/2019/03/05/1818859116.full.pdf
https://www.pnas.org/content/early/2019/03/05/1818859116
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_my2021-26_deis_0.pdf
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_my2021-26_deis_0.pdf
http://www.fao.org/3/I9553EN/i9553en.pdf
http://www.fao.org/3/I9553EN/i9553en.pdf
https://doi.org/10.1038/d41586-018-07617-1
https://doi.org/10.1038/d41586-018-07617-1
https://www.nature.com/articles/d41586-018-07617-1/
https://doi.org/10.1038/d41586-018-06876-2
https://www.nature.com/magazine-assets/d41586-018-06876-2/d41586-018-06876-2.pdf
https://www.nature.com/magazine-assets/d41586-018-06876-2/d41586-018-06876-2.pdf
https://doi.org/10.1038/s41586-018-0752-4
https://doi.org/10.1038/s41586-018-0752-4
https://doi.org/10.7930/NCA4.2018
https://nca2018.globalchange.gov/downloads/NCA4_2018_FullReport.pdf
https://nca2018.globalchange.gov/downloads/NCA4_2018_FullReport.pdf
https://doi.org/10.7930/SOCCR2.2018
https://www.publicgardens.org/file/34791/download?token=uFzDJ8f8
https://www.publicgardens.org/file/34791/download?token=uFzDJ8f8
https://carbon2018.globalchange.gov/downloads/SOCCR2_2018_FullReport.pdf
https://www.desmogblog.com/2019/03/11/rhode-island-governor-raimondo-silenced-critique-national-grid-lng-health-justice/
https://www.desmogblog.com/2019/03/11/rhode-island-governor-raimondo-silenced-critique-national-grid-lng-health-justice/
https://doi.org/10.1007/s10584-018-2274-3
https://doi.org/10.1007/s10584-018-2274-3
https://doi.org/10.1038/s41467-018-05738-9
https://doi.org/10.1038/s41467-018-05738-9
https://doi.org/10.1016/S0140-6736(18)32594-7
https://doi.org/10.1016/S0140-6736(18)32594-7
https://doi.org/10.1016/S0140-6736(18)32594-7
https://link.springer.com/content/pdf/10.1007%2F978-3-319-92288-1.pdf
https://link.springer.com/content/pdf/10.1007%2F978-3-319-92288-1.pdf
https://www.thethirdpole.net/en/about/
https://public.wmo.int/en/media/press-release/wmo-addresses-un-security-council-first-time
https://public.wmo.int/en/media/press-release/wmo-addresses-un-security-council-first-time
https://doi.org/10.1038/d41586-018-07586-5
https://www.nature.com/articles/d41586-018-07586-5
https://www.nature.com/articles/d41586-018-07586-5
https://doi.org/10.1038/s41586-018-0676-z
https://doi.org/10.1038/s41586-018-0676-z


4 Mean change in total hours of labour lost at the 400 W activity level over the 2000–2017
period relative to the 1986–2005 baseline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

5 Food consumption across various geographic regions of the earth . . . . . . . . . . . . . . . . 20
6 Figure 18.11 of Chapter 18: Northeast of the Fourth National Climate Assessment, Vol. II,

2018. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
7 Actual and projected energy consumption of the United Statesand its sources: gas (blue), coal

(green), and oil (orange). [1 EJ (exajoule)≈ 1015 BTU (British thermal unit).] . . . . . . . . 24
8 Contribution of Transportation to U.S. Carbon Dioxide Emissions . . . . . . . . . . . . . . . 25
9 Fossil fuel carbon flows from extraction to consumption. . . . . . . . . . . . . . . . . . . . . 28
The figures are all in color and many are poorly rendered in greyscale. The colored originals are available

at http;//naturestrustri.org, the Nature’s Trust Rhode Island web site.

20.3 List of Tables

1 Summary of data in Fig. 7. Caveat: data ignore fugitive methane . . . . . . . . . . . . 24

March 17, 2019, 14:42, p. 34

http://naturestrustri.org


21 Index

afforestation, 26, 27
albedo, 10, 11
algal blooms, 10
Antarctic, 3, 10, 11
Antarctic Ice Sheet, 10
Arctic, i, 3, 4, 9–11, 13
Arctic amplification, 11
asthma, 23
Atlantic Meridional Overturning Circulation, 3, 12
attribution, 5, 28

baked in, 11
biodiversity, 8, 9, 27
bioenergy, 4, 18, 19
biofuels, 19, 27
business as usual, 25

carbon capture and storage, 27
carbon capture and storage, 26, 27
carbon mineralization, 27
carbon sink, 9
COP 21, 1, 7

direct air capture, 27

embodied emissions, 28
environmental equity, 23
environmental justice, 4, 21, 23
environmental racism, 23
environmentaljustice, 22
ethanol car fuel policy, 4, 18
exponential growth, 2, 5, 6, 10
extreme weather events, 5, 6, 13, 18, 20, 22, 28
extremem weather events, 21

fisheries, 18
floods, 6, 13, 15, 21
food security, 14
food security, 4, 10, 13, 18, 19
fugitive methane, 8, 24

GEO-6, 8
geoengineering, 14
global emission budget, 26
global emissions budget, 3, 8, 12, 26
global emissions budgets, 3
Global Famine, 19
global mean surface temperature, 24
Great Drought, 19
Great Dying, see Permian–Triassic extinction
Greenland Ice Sheet, 2, 9, 10
Gulf Stream, 3

Hindu Kush Himalaya, 3, 12
Huricane Irma, 20
Huricane Katrina, 20
Huricane Maria, 20

Hurricane Harvey, 20
Hurricane Michael, 29
hurricanes, 5, 20

indigenous peoples, 19, 21
instantaneous global warming potential, 3, 26
irreversibility, 1, 8, 13

locked in, see baked in11, 11, 12

mass migration, 4, 13, 14, 16, 17, 26

National Grid, 23
natural disasters, 29
natural gas, 5
necessity of unprecedented action, 7, 8
negative emissions, 3, 26, 27
negative emissions., 3

oil, 5
overshoot, 7, 8

Paris Agreement, 1, 7, 11, 25
peace and security, 6
peace and security, 3, 4, 6, 13–15, 19
permafrost, 11–13, 26
Permian–Triassic extinction, 6
Port of Providence, 4, 23
poverty, 23
premafrost, 11
President’s Climate Action Plan, 24

Raimondo administration, 23
reforestation, 26, 27

sea ice, 10
sea level rise, 2, 5, 6, 9, 10, 13, 18, 21, 27
state shift, see tipping point11
surprises, 2

Third Pole, 3, 12
threat multiplier, 4, 13, 15
Tibetan Plateau, 3
time horizon, 28
tipping point, 2, 10, 26
tundra, 10, 11

UNFCCC, 7, 23
US Department of State biennial report, 23

weather kitchen, 4
wildfire, 18, 29
wildfires, 5, 13, 29

March 17, 2019, 14:42, p. 35


	Overview and key findings
	Carbon dioxide emissions continue their 250-year exponential increase
	Intergovernmental Panel on Climate Change (IPCC) 2018 Special Report: unprecedented global emission reduction efforts are required
	Release of the latest Global Environment Outlook (GEO-6)
	Disconcerting developments of the cryosphere
	Accelerated melting of the Greenland Ice Sheet
	Arctic Report Card 2018
	Accelerated melting of the Antarctic Ice Sheet

	Geographical zones of special concern
	Arctic amplification
	Tundra and permafrost are warming, increasing the risk of run-away climate change
	Atlantic Ocean: oxygen decline and Atlantic Meridional Overturning Circulation slowdown
	The ``Third Pole''

	Climate change exacerbates security risks
	Climate change is causing mass migration and armed conflict

	World Meteorological Organization addresses UN Security Council
	The Lancet Countdown; the impact of climate change on vulnerable populations
	Climate change increases migratory pressure

	Fourth National Climate Assessment—Volume II
	General key points

	Hunger is on the rise
	Food security is at risk
	United Nations report on food security in the world
	The great food transformation

	Additional, recent climate science results
	Health
	Indigenous Peoples
	Rhode Island
	Asthma in Rhode Island


	Environmental justice and environmental racism are serious problems in Rhode Island
	Federal policy: evolving from bad to worse
	United States Department of State 2016 present near-meaningless emissions reductions
	National Highway Traffic Safety Administration: a fatally flawed analysis of fuel economy
	Paris Agreement

	Greenhouse gas emission budgets
	Negative emissions
	Second State of the Carbon Cycle Report elucidates vital concepts of the Petition
	The science of attribution is progressing
	2018: the costliest year for natural disasters
	References, figures, and tables
	References
	20.2 List of Figures
	20.3 List of Tables

	21 Index

