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High Level Summary

The Paris Agreement is an historic achievement. For the first time, effectively all nations
have committed to limit their greenhouse gas emissions and take other actions to limit and
adapt to climate change to hold “the increase in the global average temperature to well
below 2°C above pre-industrial levels and pursu[e] efforts to limit the temperature
increase to 1.5°C above pre-industrial levels” But the Agreement and supporting climate
policies must be strengthened substantially within the next five years to prevent
catastrophic warming. Until now, no specific plan or policy roadmap has been proposed
to provide a realistic and reasonable chance of limiting global temperatures to safe
levels and preventing unmanageable climate change. This report provides such a
plan—an outline of specific solutions that serve as the building blocks for a three-lever
strategy to limit warming to under 2°C and thus avoid extreme and unmanageable
climate changes.

The first building block would be fully implementing the nationally determined mitigation
pledges under the Paris Agreement of the UNFCCC. The next building blocks would be
strengthening sister agreements and numerous sub-national and city scale climate action
plans which can provide targeted and efficient mitigation. Sister agreements include the
HFCs Kigali Amendment to the Montreal Protocol, the European F-gas rule, other HFC
measures at national levels, and the HFC commitments under the Paris Agreement. These
HFCs measures can avoid as much as 0.5°C of warming by 2100 through the global
phasedown of HFCs within few decades. Other promising examples include California’s
Under 2 MOU signed by over 136 jurisdictions representing 32 countries and  six
continents and climate action plans by over 52 cities and 65 businesses around the
world aiming to become carbon neutral. There are concerns that the carbon neutral goal
will hinder economic progress; however, real world examples from California and Sweden
since 2005 prove that economic growth can be decoupled from carbon emissions.

The third building blocks consist of pulling on two levers as hard as we can: one for
drastically reducing emissions of short-lived climate pollutants (SLCPs) beginning now
and completing by 2030, and the other for decarbonizing the global economy by 2050.
Pulling both levers simultaneously can keep global temperature rise below 2°C through
the end of the century. If we bend the CO2 emissions curve such that global emissions
peak in 2020 and begin to decrease thereafter, there is less than a 20% probability of
exceeding 2°C. This call for bending the CO2 curve beginning in 2020 is one major new
proposal of this report. Many cities and jurisdictions are already on this pathway thus
demonstrating its scalability.

For the final building block, we are adding a third lever, ACE (Atmospheric Carbon
Extraction). This lever is added as an insurance against surprises (due to policy lapses,
mitigation delays or non-linear climate changes) and requires development of scalable
measures for removing the CO2 already in the atmosphere. The amount of CO2 that has
to be removed will range from negligible, if the emissions of CO2 and SLCPs start to
decrease by 2020 and carbon neutrality is achieved by 20350, to a staggering one
trillion tons, if CO2 emissions continue to increase until 2030, and the carbon lever is




pulled after 2030. This issue is raised because the NDCs (Nationally Determined
Contributions) accompanying the Paris Agreement would allow CO2 emissions to increase
until 2030. We call on economists to assess the cost-effectiveness of reducing carbon
and SLCPs emissions beginning in 2020 compared with delaying it by ten years and then
being forced to pull the third lever to extract one trillion tons of COa2.

The fast mitigation plan of requiring emissions reductions to begin by 2020 is urgently
needed to limit the warming to under 2°C. Climate change is not a linear problem.
Instead, we are facing non-linear climate tipping points that can lead to self-reinforcing
and cascading climate change impacts. Tipping points are more likely with increased
temperatures, and many of the potential abrupt climate shifts could happen as warming
goes from |1.5°C to 2°C, with the potential to push us well beyond the Paris goals.

Where Do We Go from Here? We have almost run out of time to address these
concerns. We must act now, and we must act fast. This report sets out a specific plan for
reducing climate change in both the near- and long-term. With aggressive, urgent
actions that begin by 2020, we can protect ourselves. Acting quickly to prevent
catastrophic climate change by decarbonization will save millions of lives, trillions of
dollars in economic costs, and massive suffering and dislocation to people around the
world. This is a global security imperative, as it can avoid the migration and
destabilization of entire societies and countries and reduce the likelhood of
environmentally driven civil wars and other conflicts.

Staying at under 2°C will require a concerted global effort. We must address everything
from our energy systems to our personal choices to reduce emissions to the greatest
extent possible. The health of people for generations to come and the health of
ecosystems crucially depend on an energy revolution beginning now that will take us
away from fossil fuels and toward the renewable energy sources of the future beginning
now. This is our future, and we must transition to that clean energy future quickly. Towards
this vision we are articulating:

10 Scalable Solutions for Implementing Climate Stability Building Blocks

Achieving success will require the global mobilization of human, financial, and technical
resources. For the global economy and society to achieve such rapid reductions in SLCPs
by 2030 and carbon neutrality and climate stability by 2050, we will need
multi-dimensional and multi-sectoral changes and modifications, which are grouped
under Ten Scalable Solutions in the table below. We have adapted the solutions from the
report: bending the Curve™ written by fifty researchers from the University of California
system. These solutions, which often overlap, were in turn distilled from numerous
publications and reports.



Science Solutions

|. Show that we can bend the warming curve immediately by reducing SLCPs, and long-term by
replacing current fossil fuel energy systems with carbon neutral technologies.

Societal Transformation Solutions
2. Foster a global culture of climate action through coordinated public communication and education
at local to global scales.

3. Build an alliance between science, religion, health care, and policy to change behavior and garner
public support for drastic mitigation actions.

Governance Solutions

4. Build upon and strengthen the Paris Agreement. Strengthen sister agreements like the Montreal
Protocol’s Kigali Amendment to reduce HFCs.

5. Scale up subnational models of governance and collaboration around the world to embolden and
energize national and international action. California’s Under 2 MOU and climate action plans by
over 50 cities are prime examples.

Market- and Regulations-Based Solutions

6. Adopt market-based instruments to create efficient incentives for businesses and individuals to
reduce CO2 emissions.

7. Target direct regulatory measures—such as rebates and efficiency and renewable energy portfolio
standards—for high emissions sectors not covered by market-based policies.

Technology-Based Solutions

8. Promote immediate widespread use of mature technologies such as photovoltaics, wind turbines,
biogas, geothermal, batteries, hydrogen fuel cells, electric light-duty vehicles, and more efficient
end-use devices, especially in lighting, air conditioning and other appliances, and industrial
processes. Aggressively support and promote innovations to accelerate the complete electrification
of energy and transportation systems and improve building efficiency.

9. Immediately make maximum use of available technologies combined with regulations to reduce
methane emissions by 50%, reduce black carbon emissions by 90%, and eliminate high-GUP HFCs
ahead of the schedule in the Kigali Amendment.

Atmospheric Carbon Extraction Solutions

10. Regenerate damaged natural ecosystems and restore soil organic carbon.; Expand with urgency
research and development of approaches and measures for direct extraction of COa2.

* Adapted from Ramanathan et al (2015) and modified by authors of this report.
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1. The Building BlockRs Approach

The Paris Agreement, which went into effect November 2016, is a remarkable, historic
achievement. For the first time, effectively all nations have committed to limit their
greenhouse gas emissions and take other actions to limit and adapt to climate change
to hold “the increase in the global average temperature to well below 2 °C above
ore-industrial levels and pursule] efforts to limit the temperature increase to 1.5°C above
pre-industrial levels” and “achieve a balaonce between anthropogenic emissions by
sources and removals by sinks of greenhouse gases in the second half of this century”
(UNFCCC 2015). Nevertheless, the initial Paris Agreement has to be strengthened
substantially within five years if we are to prevent catastrophic warming.

Until now, no specific plan or policy roadmap exists that could provide a realistic and
reasonable chance of limiting global temperatures to safe levels and preventing
unmanageable climate change. This report is our attempt to provide such a plan—an
outline of specific solutions that serve as the building blocks for a comprehensive strategy
for limiting the warming to under 2°C and avoiding extreme climate change (Figure 1).

The first building block is the full implementation of the nationally determined mitigation
pledges under the Paris Agreement of the UN Framework Convention on Climate Change
(Figure 1). The next building blocks are: 1) the global sister agreements, such as the HFC
Kigali Amendment to the Montreal Protocol, which can provide additional targeted, fast
action mitigation; 2) sub-national agreements such as California’s Under 2 MOU signed
by 136 jurisdictions from 30 countries in six contfinents; and 3) climate action plans for
carbon neutrality being implemented by 52 cities and 65 businesses around the world.
The third building block is targeted measures to reduce emissions of short-lived climate
pollutants (SLCPs) beginning now and fully implemented by 2030, along with major
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measures to fully decarbonize the global economy beginning in 2020 and completed by
2050. Such a deep de-carbonization would require an energy revolution similar to the
Industrial Revolution based on fossil fuels. The final building blocks are scalable and
reversible carbon dioxide (CO2) removal measures, which can begin removing CO2
already emitted into the atmosphere.

Such a plan is urgently needed. Climate change is not a linear problem. Instead, climate
tipping points that can lead to self-reinforcing, cascading climate change impacts exist.
Tipping points are more likely with increased temperatures, and many of the potential
abrupt climate shifts could happen as warming goes from 1.5°C to 2°C, with the potential
to push us well beyond the Paris goals.

We are running out of time to address these concerns. We must act now, and we must act
fast. Reduction of SLCPs will result in fast, near-term reductions in warming, while
present-day reductions of COz2 will result in long-term climate benefits. This two-lever
approach will allow for realization of avoided warming in the coming decades when it is
most crucial to avoid impacts from climate change as well as maintain a safe climate
many decades from now. To achieve the near-term goals, we have outlined solutions to
be implemented immediately. These solutions to bend the emissions curve and thus bend
the warming trajectory curve follow a 2015 assessment by the University of California
under its Carbon Neutrality Initiative. They are clustered into categories of social
transformation, governance improvement, market- and regulation-based solutions,
technological innovation and transformation, and natural and ecosystem management.

Additionally, we will need to intensely investigate and pursue a third lever—ACE
(Atmospheric Carbon Extraction). While many potential technologies exist, we do not know
the extent to which they can be scaled up to remove the requisite amount of carbon from
the atmosphere in order to achieve the Paris Agreement goals, and any delay in
mitigation will demand increasing reliance on these unproven technologies.

Yet, there is still hope. Humanity can come together, as we have done in the past, to
collaborate towards a common goal. We have no choice but to tackle to the challenge
of climate change. We only have the choice of when and how: either now, through the
ambitious plan outlined here, or later, through radical adaptation and societal
transformations in response to an ever-deteriorating climate system that will unleash
devastating impacts—some of which may be beyond our capacity to fully adapt to or
reverse for thousands of years.



Figurz | : Four building blocks to achieve climate policy success. Timeline on the right indicates
the years during which the solutions will need 1o be put in place and carried out.
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2. Major Climate Disruptions: How Soon and How Fast?

“Without adequate mitigation and adaptation, climate change poses unacceptable risks to global public health.”
WHO, 2016

The planet has already witnessed nearly 1°C warming and another 0.6°C of additional
warming is currently stored in the ocean to be released over the next two to four
decades. The impacts of this warming on extreme weather, droughts, and floods are being
felt by society worldwide to the extent that many think of this no longer as climate change
but as climate disruption. Consider the business as usual scenario:

IS years from now: In 15 years, planetary warming will reach 1.5°C above pre-industrial
global mean temperature. The last time the planet was this warm was about
[ 15,000-130,000 years ago. The impacts of this warming will affect us all yet will
disproportionately affect the earth’'s poorest three billion people, who are primarily
subsistence farmers that still rely on 18th century technologies and have the least
capacity to adapt. They thus may be forced to resort to mass migration into city slums
and push across international borders. The existential fate of low-lying small islands and
coastal communities will also need to be addressed, as they are primarily vulnerable to
sea-level rise, diminishing freshwater resources, and more intense storms. In addition, many
depend on fisheries for protein, and these are likely to be affected by ocean
acidification and climate change. Climate injustice could start causing visible
international conflicts. The risk of passing tipping points increases.



30 vyears from now: In 30 years, warming is expected to exceed 2°C, which would be
unprecedented with respect to historical records of at least the last one million years.
Such a warming through this century could result in sea-level rise of as much as 2 meters
by 2100, with greater sea-level rise to follow. The melting of most mountain glaciers,
including those in the Tibetan-Himalayas, combined with mega-droughts, heat waves,
storms, and floods, would adversely affect most everyone on the planet.

80 years from now: In 80 years, warming is expected to exceed 4°C, increasing the
likelihood of irreversible and catastrophic change. The 2°C and 4°C values quoted
above and in other reports, however, are merely the central values with a 50% probability
of occurrence. There is a 20% probability the warming could be as high as 6°C due to
uncertainties in the magnitude of amplifying feedbacks (see Section 4) This in turn could
lead to major disruptions to natural and social systems, threatening food security, water
security, and national security and fundamentally affecting all the projected 10 billion
inhabitants of the planet in 2 100.



3. What Are the Wild Cards for Climate Disruption?

Generally, increasing the concentrations of greenhouse gases in the atmosphere increases its
radiative forcing (the difference between the amount of energy entering the atmosphere and
leaving) and thus increase the global temperature. However, climate wild cards exist that can
both alter the linear connection with warming and anthropogenic emissions by triggering abrupt
changes in the climate. Some of these wild cards have not been thoroughly captured by the
models on which policymakers rely the most. These abrupt shifts are irreversible on a human time
scale and uwill create a notable disruption to the climate system, condemning the world to
warming beyond that which we have previously projected. These climate disruptions could
effectively alter our ability for future mitigation and upset mitigation strategies that we have
already put in place.

[. Unmasking of Aerosol Cooling: The first such wild card is the unmasking of an estimated 0.7°C
(with an uncertainty range of 0.3°C to 1.2°C) of committed warming by reducing cooling
aerosols. Aerosol air pollution is a major health hazard with massive costs to public health and
society, including contributing to about 7 milion deaths (from household and ambient exposure)
cach year. While some aerosols, such as black carbon and brown carbon, strongly absorb
sunlight and act as powerful climate pollutants, many reflect sunlight back into space, which cools
the climate. The net impact of all manmade aerosols is negative, meaning that about 30% of the
warming from greenhouse gases is being masked by co-emitted air pollution particles. As we
reduce greenhouse gas emissions and implement policies to eliminate air pollution, we are also
reducing the concentration of aerosols in the air. Aerosols last in the atmosphere for about a
week, so if we eliminate air pollution without reducing emissions of the greenhouse gases, the
unmasking alone would lead to an estimated 0.7°C of warming within a matter of decades. We
must eliminate aerosol emissions due to their health effects, but we must simultaneously mitigate
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emissions of CO2, other greenhouse gases and black carbon to avoid an abrupt large jump in
the near-term warming beyond 2°C.

Tipping Points: It is likely that as we cross the 1.5°C to 2°C thresholds we will trigger so called
“tipping points” for abrupt and nonlinear changes in the climate system with catastrophic
consequences for humanity and the environment. Once the tipping points are passed, the
resulting impacts will range in timescales from: disruption of monsoon systems (very fast), loss of
sea-ice (fast), dieback of major forests (medium), reorganization of ocean circulation
(medium-slow), to loss of ice sheets and subsequent sea-level rise (slow). Regardless of timescale,
once underway many of these changes would be irreversible.

Recent modeling work shows a “cluster” of these tipping points could be triggered between 1.5
and 2°C warming (Figure 2) including melting of land and sea-ice and changes in high-latitude
ocean circulation (deep convection). This is consistent with existing observations and
understanding that the polar regions are particularly sensitive to global warming and have
several potentially imminent tipping points. The Arctic is warming nearly twice as quickly as the
global average, which makes the abrupt changes in the Arctic more likely at a lower level of
global warming. Similarly, the Himalayas are warming at roughly the same rate as the Arctic and
are thus also more susceptible to incremental changes in temperature. If borne out by further
research, this gives further justification for limiting warming to no more than 1.5°C.

Figurz 2: The occurrences of abrupt events (purple bars) show a cluster between 1.5°C and
2°C global temperature increase and again above 6°C. Source: Drijfhout et al, 2015.

2. Unstable Melting of Marine-Based Sectors of lce Sheets: During the Eemian period (115,000 to
130,000 years ago), the earth was approximately 1.5°C warmer than present temperatures. This
caused significant portions of the Creenland ice sheet and most of the marine-based portions of
the west Antarctic ice sheet to melt, resulting in 6 to 9 meters of sea-level rise. The time scale of
this staggering rise in sea-levels is unknown, but this paleo-record along with the recent discovery
of unstable melting of the Amundsen sector of west Antarctic and the melting of Creenland
glaciers has raised concern about the probability of a 2-meter sea-level rise by the end of this
century.
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3. Himalayan and Tibetan Glaciers and the Asian Monsoon: More than 80% of the glaciers in this
region are retreating. A primary source of water for these glaciers is precipitation from the South
Asian monsoon, which has decreased by about /% during the last fifty years. Many studies have
attributed the weakening monsoon to the reduction of solar radiation, known as “global dimming’,
due to aerosol pollution. Further, the deposition of black carbon (from diesel combustion and
biomass cooking among other sources) on glaciers and snowpack is decreasing the snow's
albedo, contributing to surface warming and melting. The combination of warming by greenhouse
gases, weakening monsoons due to aerosol dimming, and surface melting driven by black carbon
deposition is creating an unstable situation for this so-called “Water Tower of Asio,” which
provides headwaters for most of the major river systems in Asic.

While all climate tipping points have the potential to rapidly destabilize climate, social, and
economic systems, some are also self-amplifying feedbacks that once set in motion increase
warming in such a way that they perpetuate yet even more warming. Declining Arctic sea-ice,
thawing permafrost, and the poleward migration of cloud systems are all examples of
self-amplifying feedback mechanisms.

4. Loss of Arctic Summer Sea-lce: Arctic summer sea-ice, which has already retreated by 40%,
could disappear abruptly when the 1.5°C threshold is crossed in 15 years. As the Arctic warms,
the sea-ice melts and exposes the darker ocean water beneath, which allows for greater
absorption of solar radiation, increasing the ocean’s temperature and acting as a force multiplier.
Furthermore, the persistently warmer water hinders significant ice growth in winter, which can also
impact the amount of sea-ice that melts during the summer. The increased climate forcing from the
loss of Arctic summer sea-ice between 1979 and 201 1, if averaged globally, is equivalent to 25%
of the forcing from COz2 over the same period.

5. Collapse of Arctic Permafrost: Permafrost is soil that stays below freezing temperatures for at
least two consecutive years. Arctic permafrost contains three times as much carbon as there is in
the atmosphere, and the thawing of the permafrost over land and subsea has the potential to
release large quantities of this trapped carbon as both CO2 and methane. The release of
permafrost will not necessarily result in an abrupt shift in the climate, but even a release of 1% of
the carbon stored in permafrost could double the rate of warming. By the end of the century
carbon release from permafrost could add an estimated 0.1-0.3°C of warming and even greater
and irreversible increases for centuries to come.

6. Poleward Retreat of Extra-Tropical Cloud Systems: Clouds act as giant air conditioners for the
planet. Though clouds enhance the greenhouse effect, they also reflect an enormous amount of
solar radiation and nearly double the albedo of the planet. Their albedo effect dominates over
their greenhouse effect, balancing out to a net cooling effect of about -25 Wm-2 (compared with
the 1.6 Wm-2 forcing from CO2). More than two-thirds of this cooling is from the extensive
extratropical cloud systems, which are found poleward of about 40° and are associated with jet
streams and storm tracks. Satellite data reveal that these cloud systems are retreating polewards
in both hemispheres, which has led to an increase in the solar radiation reaching the extratropics,
further amplifying the warming. Thus, the Arctic warming is amplified by two large feedbacks: first
is the decrease in albedo from the retreating sea-ice, which is then further amplificd by the
decrease in albedo from the retreating storm track clouds.



4. Dealing with Uncertainty and the Problem of the “Fat Tail”

Climate change projections are quantified on their likelihoods of occurrence. Our understanding
of the climate system is more refined in some areas than in others, but this does not detract from
the overall assessments and projections for future changes to the climate. Climate models will
continue to improve their treatment of many physical, dynamical, and chemical processes,
particularly those dealing with clouds, aerosols, ice sheet dynamics, and the carbon cycle. But
the complexity and interconnectedness of climate and human systems means that humanity will
never fully dispel all uncertainties about the exact rate, magnitude, or implications of the
changes we are affecting on our world through climate change.

However, despite these uncertainties, the observed changes in our climate system and the ability
of the climate models to simulate these changes and even predict the changes in many
instances give us more than enough certainty to act. As warned by a team of retired admirals
and generals from the U.S. in a report on climate change,

Speaking as a soldier, we never have 100 percent certainty. If you wait until you have 100 percent
certainty, something bad is going to happen on the battlefield.”

However, there is one type of climate uncertainly that should inspire us to act with incredible
urgency: the uncertainty of the “fat tail”

The feedbacks mentioned in the above section, and others not discussed here, give rise to a
wide spread probability distribution of warming for a given forcing from increased CO2 or other
climate pollutants. For example, a doubling of CO2 has a projected central value of warming of
3°C. The 90% probability distribution, however, includes warming as low as 2°C and as large as
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4.5°C. On the lower side, there is a less than 1% chance that the warming seen under a doubling
of CO2 will be less than 1.5°C. However, on the upper limit, there is a 1% to 5% probability the
warming could be as large as 6°C, which is referred to as the “fat tail”. Such warming could pose
an existential threat to most of the global population.

Figure 3: The figure shows a central estimate of warming of about 2°C with a 20% probability
of being more than 3°C and a 5% chance of being more than 4°C. For the end of the century
projection of 4°C warming, there is a 1% to 5% probability the warming could be as large as 6°C
to &°C. Source: Ramanathan & Feng, 2008.

In the context of warming and greenhouse gases, the “fat tail” indicates there exists a larger range
of possible temperatures far warmer than 2°C compared to the range of possible temperature
cooler than 2°C. With each incremental increase in temperature, this central value gets shifted
farther towards the warmer temperature range, and with it the “fat tail” shifts in the same manner,
which means that even greater temperatures exist within the realm of possibility, even if it is a small
chance.

Put in perspective, how many people would choose to buckle into an airplane seat if they knew
there was a | in 20 to | in 100 chance of the plane crashing? Most of us would undoubtedly
stay home. The calculated odds of dying in a plane crash are closer to | in |1 million, which is
why it is such a popular and safe form of transportation. If a | in 100 chance of dying in a plane
crash would be enough to end air travel shouldn't it also be enough to demand fast action to
address climate change?
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5. What Are the Impacts on Social Systems?

Damages due to climate change have already been detected and, in the future, are expected
to disproportionately affect the poorest and most vulnerable. Coastal archaeology provides use
with some understanding of how past societies have responded to the impacts of rapid climate
change and can serve as analogues for our present-day societal responses to anthropogenic
global warming. A number of studies of coastal societies that existed more than 4,000 years ago,
indicate that there are climatic thresholds to cultural tolerances, and that abrupt, unpredictable
climate change can have devastating consequences on human populations by disrupting food
production, forcing repeated human dispersal, and causing conflict and realignment of social
and trade networks.

Limiting global average temperature rise to 1.5°C over pre-industrial temperatures will not
eliminate the negative impacts of anthropogenic climate change, but it would significantly
reduce the rate of temperature increase, the intensity of climate impacts and the risks to society.
This is critical for both providing societies time to adapt to changes and slowing, if not avoiding,
the worst predicted impacts of climate change. Actions that would bring immediate relief to the
rapidly changing climate are vital for survival. With mounting evidence of past impacts, we still
have a good deal to learn about how climate change will affect communities. What follows is a
list of issues being discussed among social scientists, policy experts, and political leaders.

National and International Security: Climate change poses security risks ‘because it degrades
living conditions, human security, and the ability of governments to meet the basic needs of their
populations” (U.S. DOD). Climate change is a direct cause of resource conflicts in countries with
weak capacities and governance challenges. The conflicts in Syria and Darfur are partially
aftributed to droughts that caused massive agriculture failures, which in turn have led to mass
displacements and migration. Bangladesh estimates it may have to relocate 20 million people if
sea-level rises by one meter.
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