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Abstract: The unraveling of the Arctic is bad enough for the Arctic itself, but it will have enormous
consequences for the entire planet since the Arctic is a crucial component of the global climate
system. Current policies do not provide much hope to prevent these harms. We have committed
the earth to too much warming to take a step-by-step approach. We have entered a period of history
when planetary management has become unavoidable and must move forward on many fronts
simultaneously. Key components of a multiprong approach include decarbonization, focus on short-
lived climate forcers, greenhouse gas removal, adaptation, Arctic interventions, and solar climate
intervention. This article discusses the last option, which may be the only means of cooling the earth
quickly enough to save Arctic ice and permafrost. Scientific research is essential to better understand
its feasibility, effectiveness, and safety. However, research is not enough; we need to be ready to
respond right away if Arctic or global temperatures need to be lowered quickly. This means we
need significant technology research and development so that solar climate intervention technologies
are deployment-ready in the relatively near future, perhaps in a decade or two, and could be used
should the need arise and should research show that they are effective and safe.
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The year 2021 has seen a number of welcome developments on the international
climate change front—the reengagement by the United States in the Paris Agreement; the
increasing number of pledges by countries to achieve net-zero emissions by mid-century
or thereabouts; and the slew of climate change initiatives by investors, industry groups,
and other non-state actors. But while these are all essential steps forward in international
climate policy, will they be enough to keep the Arctic from unraveling and causing dire
harm to the global climate system? We think not and therefore propose a multiprong
strategy to sustain the Arctic, including the possibility of solar climate interventions, if
shown to be safe and effective.

Each week seems to bring more bad news:

• Arctic sea ice thinned 60% more than previous estimates in the period from 2002 to
2018 [1].

• Warm water from the North Atlantic is hindering sea-ice growth in the Arctic Ocean [2].
• Melting at the bottom of the ice sheet (not just surface melting) accounts for a signifi-

cant amount of Greenland ice loss [3].
• The majority of marine-terminating glaciers in northwest and central-west Greenland

are experiencing accelerating mass loss [4].
• Temperatures in the Russian Arctic exceeded 30 ◦C in May, more than 20 ◦C above

average for that time of year, accelerating the collapse of Russian infrastructure from
thawing permafrost [5].

In a powerful message, a recent report by the Arctic Monitoring and Assessment
Program (AMAP) found that the Arctic has warmed three times as much as the global
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average over the last fifty years, not two or two-and-a-half times as much as previously
believed [6]. One study found that we may be nearing the threshold beyond which
Greenland ice loss will be irreversible [7].

The unraveling of the Arctic is bad enough for the Arctic itself, but it will have
enormous consequences for the entire planet since the Arctic is a crucial component of the
global climate system [8]. Its sea ice and spring snow cover reflect an enormous amount
of heat back into space, its frozen high-latitude soils contain double the carbon content of
the atmosphere [9], and its glacial ice holds enough water to cause over seven meters of
sea-level rise [10].

Given its central role in the climate system, “what happens in the Arctic does not stay
in the Arctic,” as an Arctic official once put it [11]. As Arctic ice melts and spring snow cover
shrinks, the Arctic Ocean and land surface become darker and reflect less sunlight back into
space, thereby exacerbating global warming [12]. As Arctic permafrost thaws, it releases
carbon dioxide and methane, potentially using up much, if not all, of the greenhouse gas
budget available to limit global warming to 1.5 ◦C, according to recent estimates [13]. As
Greenland and other smaller Arctic glaciers melt, sea-level rise accelerates, tying the fate
of Greenland to the fate of Miami. As the Arctic atmosphere warms, the jet stream likely
weakens, radically altering mid-latitude weather patterns, as we are witnessing in real
time [14].

Can these harms be prevented? Current policies do not provide much hope.

• 1.5 ◦C temperature goal—Global climate policy, as reflected in the Paris Agreement,
aims to limit global warning to 1.5 ◦C at best. However, as the IPCC 1.5 ◦C Special
Report indicates, even if we were able to limit global warming to 1.5 ◦C, there would
still be significant harms [15]. Already, the Great Barrier Reef and most of the world’s
other coral reefs are dead or dying, and the world is experiencing more extreme
weather events, including worsening droughts and wildfires, greater heat extremes,
and more intense tropical storms. Additionally, global warming of 1.5 ◦C means
Arctic warming of about 4.5 ◦C. Moreover, that is the best-case scenario. Limiting
warming to 1.5 ◦C would be huge stretch, given the continuing upward trend in global
greenhouse gas emissions and the fact that the atmosphere already contains 419 ppm
of CO2, 50% percent above pre-industrial levels. In reality, we will be lucky to limit
global warming to 2 ◦C, a temperature increase that the paleoclimate record suggests
would ultimately be accompanied by many meters of sea-level rise [16]. The world
could easily be on its way to a warming of 3 ◦C, which would mean 9 ◦C of Arctic
warming, if the Arctic continues to warm three times faster than the global average.

• Emissions pathways: overshoot and return—Most of the emission pathways considered
by the IPCC to achieve the 1.5 ◦C target assume that we will initially overshoot
the target and then need negative emissions to bring temperature back down. The
problem is that some of the harm from overshoot will be effectively irreversible in
meaningful time frames, such as the release of carbon dioxide and methane from
thawing permafrost and the disappearance of Greenland and other Arctic—as well as
Antarctic and mid-latitude—glaciers.

• Arctic policy—Arctic policymaking appears even less promising. The Arctic Council,
the principal Arctic-specific governance body, is an informal institution that lacks any
regulatory powers and shows no signs of being up to the task of taking significant
action. Despite the release of the 2021 Arctic assessment report showing that the
Arctic is warming three times faster than the global average, the Arctic Council has
not even called worldwide attention to the critical role the Arctic plays for the rest
of the world. It has failed to establish a tolerable upper bound for climate change in
the Arctic or to answer the question, “What is the Arctic we have to have to sustain
the global climate system?” Instead, at its most recent meeting, it merely “not[ed]
with concern the serious threats to Arctic ecosystems due to climate change” and
“reiterate[d] the need for enhanced action to meet the long-term temperature goal and
effective implementation of the Paris Agreement [17].”
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What is to be done? There are no perfect options. We have committed the earth to too
much warming to take a step-by-step approach. We must realize that we have entered a
period of history when planetary management has become unavoidable and move forward
on many fronts simultaneously. Key components of a multiprong approach include

1. Decarbonization—First and foremost, the world needs to very rapidly decarbonize, as
the Paris Agreement suggests. Even if emission reductions are unlikely to take effect
quickly enough to completely preserve Arctic ice and permafrost, they are essential
in the long run to stabilizing the global climate system. This is climate policy’s most
urgent task.

2. Short-Lived Climate Forcers (SLCFs)—Second, we need to halt emissions of SLCFs, such
as methane and black carbon, which are particularly potent contributors to climate
change [18].

3. Greenhouse gas removal—Third, we need to intensify efforts to remove carbon dioxide
and other greenhouse gases from the atmosphere through nature-based and/or
technological means (for example, afforestation, soil carbon sequestration, enhanced
terrestrial weathering, mineral carbonation, or direct air capture).

4. Adaptation—Fourth, to the extent possible, we need to take measures to help the Arctic
adapt to the effects of climate change.

5. Arctic interventions—Fifth, we need to explore proposals for saving Arctic ice through
local interventions to limit summer melt, enhance winter freezing, or stabilize Green-
land glaciers.

6. Solar climate intervention (SCI)—Sixth, we need to explore the possibility of using
technology to reflect more sunlight away from the earth in order to cool it rapidly.

The first four approaches have been written about extensively, are well accepted
internationally, and need little defense. By contrast, the last two approaches have received
much less attention. One of us has written recently about Arctic interventions [19], so we
focus here on the last option, using technology to reflect more sunlight—also referred to as
solar climate engineering or solar radiation management (SRM). Solar climate intervention
is perhaps the most controversial proposal to address climate change but may be the only
means of cooling the earth quickly enough to save the Arctic. Potentially, it could be used to
eliminate overshoot on the way to achieving the 1.5 ◦C Paris target—a huge environmental
benefit. Indeed, solar climate intervention could actually lower warming below 1.5 ◦C,
perhaps reaching the equivalent of radiative forcing of 350 ppm of CO2.

Various techniques to reflect sunlight have been suggested. These include injecting
aerosols into the stratosphere to scatter incoming sunlight (stratospheric aerosol injection
or SAI) and spraying sea salt from ships to provide cloud condensation nuclei and thereby
brighten marine clouds (marine cloud brightening or MCB).

Volcanic eruptions provide proof-of-concept that stratospheric aerosols cool the planet.
The sulfur aerosols injected into the stratosphere by the eruption of Mount Pinatubo in
1991 cooled the planet by about 0.5 ◦C. Hence, we dub using solar climate intervention
to cool the planet by 1.0 ◦C a “Two Pinatubo” strategy. Recent modeling suggests that
injecting aerosols into the stratosphere in the spring near the Arctic could restore significant
amounts of Arctic sea ice and substantially reduce both local and global impacts of climate
change [20].

A Two Pinatubo strategy raises many questions. For example,

• How would solar climate interventions affect the Arctic climate, as well as other
regional climates and the global climate system?

• What are the advantages and disadvantages of stratospheric aerosol injection in the
Arctic as compared to marine cloud brightening, taking into consideration technical
feasibility, ability to scale up quickly, effectiveness in reducing temperature, and safety?

• If stratospheric aerosol injection were being considered, which aerosols should be
used, how should they be lofted into the stratosphere and dispersed, and at what
location(s) and altitude?

• What are the risks of solar climate intervention? What are the benefits?
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• How should SCI be governed, either nationally and/or internationally? Who should
make decisions and how? What safety, environmental, and other requirements would
need to be met before an intervention should be allowed to proceed?

Thus far, insufficient research has been done on solar climate intervention, so we still
know too little about its feasibility, effectiveness, and safety. In response, there have been
growing calls to develop a research program on solar climate intervention, most recently in
a report of the National Academy of Sciences [21].

We strongly support an immediate and focused research program, exploring all
potential options to address the Arctic crisis. Given the gravity of the threat and the
dwindling time to respond, we believe solar climate intervention research, in particular,
warrants considerably higher funding than the modest amounts recommended by the
National Academy of Sciences report ($100–200 million over five years).

Scientific research is not enough, however. Given the urgency of the Arctic crisis, we
need to be ready to respond right away if Arctic or global temperatures need to be lowered
quickly. This means we need significant technology research and development so that solar
climate intervention is deployment-ready in the relatively near future, perhaps in a decade
or two.

In saying that SCI should be deployment-ready in a decade or two, we want to be
absolutely clear: we are not advocating its deployment. Whether it makes sense to deploy
SCI will depend on what research shows about its effectiveness and safety. The response to
COVID-19 provides a useful analogue. The goal of Operation Warp Speed was to develop
deployment-ready vaccines, but the decision to go ahead with Warp Speed did not prejudge
whether any of the vaccines that were developed should actually be used. Decisions about
use depended on what the clinical trials showed about a vaccine’s effectiveness and safety.

When one is dealing with a crisis, one cannot afford to proceed in an incremental,
stepwise manner. That is why, if we are to have any chance of saving the Arctic the world
needs, we cannot afford to do basic research first and only start developing deployable
technologies later, as the NAS report suggests. We need to proceed on all fronts simultane-
ously. We need to develop the necessary technologies now so that we are ready to deploy
them at scale, should the need arise and should the research show that they are safe.
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