Extinction comes first under any framework.

Pummgr 1 5 [Theron, Junior Research Fellow in Philosophy at St. Anne's College, University of Oxford. “Moral Agreement on Saving the World” Practical Ethics,
University of Oxford. May 18, 2015] AT

Ther I | f di reement in moral phil hy. Whether th man ren
disagreements are deep and irresolvable, | believe there is at least one thing it is reasonable to agree on
right NOW, whatever general moral view we adopt;_that it is very important to reduce the risk that all intelligent beings on
this planet are eliminated by an enormous catastrophe, such as a nuclear war. How we might in fact try to reduce such
existential risks is discussed elsewhere. My claim here is only that W€ — Whether we're consequentialists. deontologists. or virtue
ﬂMWIMMMM_ACCOMmQ to consequentialism, we should maximize the good, where
this is taken to be the goodness, from an impartial perspective, of outcomes. Clearly one thlng that makes an outcome gOOd is that the
Qeogle in it are dOing well. There is little disagreement here. if the happiness or well-being of possible future people is just as important
as that of people who already exist, and if they would have good lives, it is not hard to see how. redUCing existential risk is eaS”y the most

im nt thing in the whole world. This is for the familiar r n that there ar man le wh |
exist in the future — there are trillions upon ftrillions... upon trillions. There are so many possible future

people that reducing existential risk is arguably the most important thing in the world, even if the
well-being of these possible people were given only 0.001% as much weight as that of existing people.

Even on a wholly person-affecting view — according to which there’s nothing (apart from effects on existing people) to be said in favor of creating happy people — the case for

reducing existential risk is very strong. As noted in this seminal paper, thIS case is Strengthened b! the fact that there’s a gOOd chance

Ives You might th|nk What | have just argued applies to conseguenhahsts only. There is a tendency to
assume that, if an argument appeals to consequentialist considerations (the goodness of outcomes), it is

irrelevant to non-consequentialists. But that is a huge mistake. Non-consequentialism is the view that
here’s more th rmines rightn han th n f con n r mes; it is not th
view that the latter don’t matter. ven Jonn Rawis wrote, “All €thical doctrines worth our attention take

consequences into account in judging rightness. One which did not would simply be irrational, crazy.”
Minimally plausible versions of deontology and virtue ethics must be concerned in part with
promoting the good. from an impartial point of view. They'd thus imply very strong reasons to reduce

QXEIQDILQL[ISK at least when this doesn'’t significantly involve doing harm to others or damaging one’s character. What's even more surprising, perhaps, is that even if
our own good (or that of those near and dear to us) has much greater weight than goodness from the impartial “point of view of the universe,” indeed even if the latter is entirely
morally irrelevant, we may nonetheless have very strong reasons to reduce existential risk. Even e(JOism, the view that each agent should
maximize her own good, might imply strong reasons to reduce existential risk. it wil depend, among other things, on what

one’s own good consists in. If well-being consisted in pleasure only, it is somewhat harder to argue that egoism would imply strong reasons to reduce existential risk — perhaps
we could argue that one would maximize her expected hedonic well-being by funding life extension technology or by having herself cryogenically frozen at the time of her bodily
death as well as giving money to reduce existential risk (so that there is a world for her to live in!). | am not sure, however, how strong the reasons to do this would be. But views
which imply that, if | don’t care about other people, | have no or very little reason to help them are not even minimally plausible views (in addition to hedonistic egoism, | here

have in mind views that imply that one has no reason to perform an act unless one actually desires to do that act). To be mlnlma"y QlaUSible, egOism
will need to be paired with a more sophisticated account of well-being. 7o see this, it is enough to consider, as Plato did, the
possibility of a ring ofinvisibility—SUQQOSG that, while wearing it, Ayn could derive some Qleasure by helping the poor,

imply she should do the Iatter To avoid thls |mQI|catlonl eg0|sts would need to bUI|d somethlng like the
meanlngfulness of a life into WeII-belng, in some robust way, where this would to a significant extent be a function of other-regarding concerns (see

chapter 12 of this classic intro to ethics). But ONCe these elements are included, we can (roughly, as above) argue that this

rt of ism will impl trong r ns to redu Xistential risk. Add to all of this Samuel Scheffler’s recent intriguing arguments

(quick podcast version available here) that most of what makes our lives go well would be undermined if there were no future generations of intelligent persons. On his view, my
life would contain vastly less well-being if (say) a year after my death the world came to an end. So obviously if Scheffler were right I'd have very strong reason to reduce

existential risk. YW@ Should also take into account moral uncertainty. \What is it reasonable for one to do.

when one is uncertain not (only) about the empirical facts, but also about the moral facts? rve just argued that

there’s agreement among minimally plausible ethical views that we have strong reason to reduce
existential risk — not only conseguentialists, but also deontologists, virtue ethicists, and soghisticated

confidence that they are mistaken, and that one of the above views is correct Even if thev were 90% sure
that their view is the correct one (and 10% sure that one of these other ones is correct), they would have pretty strong reason,




from the standpoint of moral uncertainty, to reduce existential risk. perhaps most disturbingly stil, €ven if we are only
1% sure that the well-being of ible futur lem rs. it is at | r le that, from th

n int of moral un inty, r ing existential risk is the m im nt thing in the world. again, this is

largely for the reason that there are so many people who could exist in the future — there are trillions upon trillions... upon trillions. (For more on this and other related issues,

see this excellent dissertation). Of course, it is uncertain whether these untold trillions would, in general, have good lives. It's possible they’ll be miserable. Itis enough
for my claim that there is moral agreement in the relevant sense if, atieast given certain empirical claims about what future lives
would most likely be like, 2ll Minimally plausible moral views would converge on the conclusion that we
should try to save the world. whik there are some non-crazy views that place significantly greater moral weight on
amwmhﬁﬂwﬂm_hﬂw for reasons others have offered (and for independent reasons | won't get into here unless
requested to), they nonetheless S€em to be fairly implausible views. and even if things did not go well for our ancestors,

| am optimistic that they will overall go fantastically well for our descendants. if we allow them to. | suspect

that most of us alive today — at least those of us not suffering from extreme illness or poverty — have lives
h re well worth livin nd th hin will ntin improve. perek Parfit, whose work has emphasized future generations as

well as agreement in ethics, described our situation clearly and accurately: “We live during the hinge of history. Given the scientific and technological

discoveries of the last two centuries, the world has never changed as fast. we shall soon have even greater powers to
transform, not only our surroundings, but ourselves and our successors. If we act wisely in the next few centuries, humanity will survive
its most dangerous and decisive Qeriod. Our descendants could, if necessary, go elsewhere, spreading through this galaxy.... Our

On What Matters)

a. Gateway issue - we need to be alive to assign value and debate competing moral theories-
extinction literally ends the debate on “ought”.

B. no moral theory can allow extinction because it means the end of value

1

Interpretation — “medicines” treat or cure, whereas vaccines prevent.

Vecchio 21 (Christopher Vecchio, [CFA, Senior Strategist,], 7-22-2021, “Delta Variant Concerns Won't Cripple Markets, US Economy*, DailyFX, accessed: 8-9-2021,
https://www.dailyfx.com/forex/video/daily_news_report/2021/07/22/market-minutes-delta-variant-concerns-wont-cripple-markets-us-economy.html) ajs

Let's stick to the facts. 1 e COVID-19 vaccines are not medicines. which by definition “treat or cure diseases.”

¢ 7 . Why does this matter? Because data coming out of some of the world’s

developed economies with high adult vaccination rates suggest that the vaccines are working as intended: tail-risks have been reduced, with hospitalizations and deaths falling
relative to the recent spike in infections (which have been occurring primarily among the unvaccinated at this point). Put another way, vaccines are like a Kevlar vest for the
immune system; while they don’t make you bulletproof, they dramatically increase the odds of surviving an adverse event.

Violation: They spec covid vaccine, which is not a medicine

Standards:

1. Limits — expanding the topic to preventative treatment or medical interventions allows anything
from surgery to medical devices to education strategies or mosquito repellent to prevent malaria.
Destroys core generics like innovation which are exclusive to disease curing — core of the topic is
about proprietary information.

Paradigm:

Fairness — Debate is a competitive activity governed by rules. You can’t evaluate who did better
debating if the round is structurally skewed, so fairness is a gateway to substantive debate.

DTD - Time spent on theory cant be compensated for, the 1nc was already skewed, and its key to
deterring abuse.

Prefer Competing interps -
1. reasonability is arbitrary and invites judge intervention.



2. it Causes a race to the bottom where debaters push the limit as to how reasonably abusive,
they can be.

No RVI’s -
1. Chills some debaters from reading theory against abusive postions.
2. incentivizes theory baiting where you can just bait theory to win.

CP Text: In addition to current COVAX guidelines, countries committed should —
-end relevant export bans
-equitably share surplus doses through COVAX

-support COVAX purchase of more doses
Berkley 21 , Seth. “How Covax Can Distribute More Covid-19 Vaccines Globally.” Time, Time, 11 May 2021, time.com/6047516/covax-covid-19-vaccine-access/. //JQ

liability legal safety nets were in place. COVAX has also worked with lower-income countries. many of
which have had their already weak health systems disrupted by the pandemic, to ensure they have the
supply and cold chains in place to ready deliver these vaccines when ready. sutglobal access to vaccines

is not haDDeninq fast enOUqh, and it's in everyone’s interest that we get there sooner. The longer it takes to protect people most at risk, such as health and

social care workers and vulnerable people, the longer the virus will continue to circulate and the greater the risk that new and potentially more dangerous variants will emerge.
Moreover, any delay will also prolong the economic misery, by ensuring that efforts to resume commerce, trade and travel continue to stall. Only governments

have the power to speed things up now, by turning their commitment to COVAX into action, and there are four keys

to make this happen._The first is to €0d_relevant export bans. Export controls affecting the flow of vital ingredients.
mponen re anathem | lr nse. A ime when the world is tryin r m

trade and commerce, export bans work completely counter to this, both in spirit and outcome. The second
concerns the billions of doses that wealthy governments ordered when they didn’t know which vaccines would prove to be safe and effective, and which they now don’t need.|_f

the estimated 1.5 billion surplus doses ordered by governments were shared efficiently and equitably

through VAX rather than used for diplomacy. there would be a huge impact on aglobal public health. some

global leaders have already played a key role in driving this, both in terms of donating their own doses and in encouraging others to do the same. But we need more. Ihﬁ
third key is to help COVAX buy more doses. The more doses we have, the more vulnerable people we
can protect. So. in addition to the $6.6 billion already pledged, we urgently need to get additional
commitments of some $1.7 billion in donor funding. It would also enable COVAX to further diversify its
vaccin folio and make preparation fight variants if the n ri

CP solves vaccine availability, adds research, and skirts shotty trade agreements that deck aff
solvency.

Winsor 21, Morgan. “What Is COVAX? How a Global Initiative Is Helping Get COVID-19 Vaccines to Poorer Countries.” ABC News, ABC News Network, 26 Feb. 2021,
abcnews.go.com/Health/covax-global-initiative-helping-covid-19-vaccines-poorer/story?id=76106981. //JQ

LONDON -- As rich countries race to inoculate their populations against COVID-19, i have fallen hin

vaccination campaign in history. suta global vaccine-sharing scheme aims to ensure rapid and equitable


https://www.who.int/news/item/22-02-2021-no-fault-compensation-programme-for-covid-19-vaccines-is-a-world-first
https://www.unicef.org/supply/covid-19-vaccine-market-dashboard
https://www.gavi.org/sites/default/files/covid/covax/COVAX-AMC-Donors-Table.pdf
https://abcnews.go.com/Health/rich-countries-hoarding-vaccine-report/story?id=74623521

access to vaccines for all countries regardleSS of iINnCOME. Aithough there are a number of obstacles, the COVID-19 Vaccine Global Access
VAX) initiative m h n worldwide immunization inst the novel coronavirus. whatis

COVAX?_COVAX is part of the Access to COVID-19 Tools (ACT) Accelerator, a framework for global collaboration that was set up in response to a call from G20 leaders in
March 2020 at the start of the coronavirus pandemic and was subsequently launched by the World Health Organization (WHO), the European Commission, France and the Bill

& Melinda Gates Foundation in April 2020. The ACT Accelerator is made up of three pillars: Diagnostics, therapeutics and vaccines, according to the WHO. _COVAX is the
vaccines' pillar and is co-managed by three partner agencies: Gavi, The Vaccine Alliance (Gavi), the Coalition for Epidemic Preparedness Innovations (CEPI) and the WHO. |_t
is the only alobal initiative that is working with governments and manufacturers to ensure COVID-19
vaccines are available worldwide to both higher-income and lower-income countries. *The pandemic has highiighted

more than ever the nexus between equity and global health security," Anuradha Gupta, deputy CEO of Gavi, said in a video statement on Feb. 23. "It has also highlighted the

vital importance of global solidarity that is epitomized by COVAX."MM_QI&IMMlem
development and manufacturing of a wide range of COVID-19 vaccine candidates and will negotiate the
pricing. By joining COVAX, all participating countries and economies -- regardless of their ability to pay --
will have access to a portfolio of COVID-19 vaccines, once they are developed and proven to be both

f n ff iv rdin AVI. The portfolio of vaccine candidates -- the largest in the world -- is managed by CEPI's research and

development experts._"The best chance of success is to hedge risk by creating a diverse portfolio of vaccine candidates, based on a range of vaccine technologies," CEPI says
on its website. "The breadth of our portfolio will increase our chances of developing multiple successful vaccines, which is crucial if we are to meet global demand and protect

vulnerable populations.”_What is the goal?_T N€_initial goal is to procure and fairly distribute 2 billion doses of COVID-19
vaccines across almost 200 countries and economies by the end of 2021 through a mechanism, the
COVAX FaCI“tyl created by Gav That should be enough to protect high-risk and vulnerable people as well as front-line health care workers, according to
Gavi._Most importantly, 3 4 )
afford to pay for COVID- 19 vaccines themselves get equal access to them, just as higher-income, self-financing countries do

and at the same time._Vaccine research and development is critical to achieving this goal, with an estimated $2.1 billion needed to move three COVID-19 vaccine candidates to

licensure, according to CEP.. COVAX has already made bilateral agreements with various vaccine makers. including
US pharmaggutlgal glant Pfizgr. In late December, the WHO issued an emergency use listing for a COVID-19 vaccine developed by Pfizer and its

German partner BioNTech. In mid-February, the WHO issued emergency use listings for two versions of a COVID-19 vaccine developed by England's University of Oxford and
British-Swedish pharmaceutical giant AstraZeneca -- one made in India and the other in South Korea. The WHO is on track to approve other vaccine candidates for emergency

use in the coming months._According to an interim distribution forecast published in early February, COVAX plans to distribute an initial batch of 336 million doses of the

Oxford/AstraZeneca vaccine by mid-2021. It also aims to start shipping 1.2 million doses of the Pfizer/BioNTech vaccine in the first quarter of the year._"We're on track to meet

our targets. We have countries signed up; we have doses secured; and we have raised billions of dollars in funding," Aurelia Nguyen, managing director of the COVAX Facility,
said in a video statement on Feb. 24. "Nothing like this has ever been attempted before, and so every day has brought new challenges — both seen and unforeseen — but we are

now delivering on our promise to people across the world, and vaccines are on their way."_How does it work? Countries and economies of all income

levels can participate in the COVAX Facility, either in a self-financing capacity or through a separate
financing instrument called the Gavi COVAX Advance Market Commitment (AMC). The AMC is funded

nly thr h government ai well ntributions from the priv: r and philanthr nd it
supports access to COVID-19 vaccines for 92 middle- and lower-income countries, according to Gavi.

Self-financing participants will be guaranteed sufficient doses of COVID-19 vaccines to protect a certain proportion of their population, depending how much they buy into the

scheme. Additionally, richer countries and economies will pay a premium to subsidize poorer ones._Meanwhile, funded participants will receive enough COVID-19 vaccine

doses to inoculate up to 20% of their population in the longer term, subject to funding availability._Since the United States officially rejoined the WHO, President Joe Biden

has Qledged $4 billion in_contributions to COVAX. Allocation of vaccine doses will be spread across participants based on the amount that's

available. These allotments will grow as availability increases, according to Gavi._The COVAX Facility has access to vaccine doses through deals that Gavi strikes with vaccine

manufacturers on behalf of the program. Meanwhile, the United Nations International Children's Emergency Fund (UNICEF) is leading the vaccine procurement and delivery

efforts on behalf of covax, UNICEF has already begun delivering initial shipments of COVID-19 vaccine doses.
This week, the West African nations of Ghana and Cote d'lvoire became the first and second recipients,

respectively. to receive doses from the COVAX Facility -- a historic step in the global endeavor. "its about a
million doses total to begin with and that will just begin accelerating now," Michael Nyenhuis, president and CEO of UNICEF USA, told ABC News in a recent interview. "We've
done all of the pre-work necessary in many, many of these countries to make sure that the supply chains are ready, that the health systems are ready, that the refrigeration is

ready where it's needed for the vaccines, that the vaccinators, the people actually administer the vaccine in communities, are ready."_Why do we need it? The gIobaI
ndemic h Ir laimed the liv f millions of le and h isr he liv f billions more.
In addition to reducing further loss of life and helping to get the virus under control, the WHO estimates
that the introduction of a vaccine will prevent the loss of $375 billion to the global economy every month.
Global equitable access to a vaccine is the only way to mitigate the public health and economic impact of
the Qandemic, according to the WHO._"Developing a vaccine against COVID-19 is the most pressing challenge of our time -- and nobody wins the race until everyone

wins," the WHO says on its website._Without a global initiative like COVAX, there is a very real risk that the majority of people in the world will go unprotected against


https://abcnews.go.com/alerts/vaccinations
https://abcnews.go.com/alerts/coronavirus
https://abcnews.go.com/Health/ghana-1st-recipient-covax-vaccine-sharing-program/story?id=76085072

COVID-19, allowing the virus and its impact to continue unabated, according to Gavi._"With a disease that spreads as fast as COVID-19, vaccines will only be effective if
everyone is protected," Gavi CEO Seth Berkley said in a video statement on Feb. 24. VAX w [ maximize th

full velopin V|D-19 vaccin n I hem in th ntities n nd th
pandemic, all while ensuring that income level does not become a barrier to accessing them.
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Climate patents and innovation high now and solving warming but patent waivers set a dangerous
precedent for appropriations - the mere threat is sufficient is enough to kill investment.

Brand 21 Melissa. “Trips Ip Waiver Could Establish Dangerous Precedent for Climate Change and Other Biotech Sectors.” IPWatchdog.com | Patents & Patent Law, 26
May 2021, www.ipwatchdog.com/2021/05/26/trips-ip-waiver-establish-dangerous-precedent-climate-change-biotech-sectors/id=133964/. //sid

The biotech industry § making remarkable advances towards climate Change solutions, anditis precisely for this reason that it can
expect to be in the crosshairs of potential IP waiver discussions. President Biden is correct to refer to climate change as an existential crisis. Yet it does not take too much effort
to connect the dots between President Biden’s focus on climate change and his Administration’s recent commitment to waive global IP rights for Covid vaccines (TRIPS IP

Waiver). “This is a global health crisis, and the extraordinary circumstances of the COVID-19 pandemic call for extraordinary measures.” |f an |P Waiver iS purportedly

necessary to solve the COVID-19 giobal heaith crisis (and of course we dispute this notion), can we really feel confident that this or SQME future
Administration will not aQQly the SAME |OgiC to e climate crisis- And, without the confidence in the underlying IP for such solutions, what does

this mean for U.S. innovation and economic growth? United States Trade Representative (USTR) Katherine Tai was subject to questioning along this very line during a recent
Senate Finance Committee hearing. And while Ambassador Tai did not affirmatively state that an IP waiver would be in the future for climate change technology, she surely did
not assuage the concerns of interested parties. The United States has historically supported robust IP protection. This support is one reason the United States is the center of
biotechnology innovation and leading the fight against COVID-19. However, a brief review of the domestic legislation arguably most relevant to this discussion shows just how

far the international Campaiqn aqainst 1P riqhtS has eroded our NnOrmative DOSition. The Clean Air Act, for example, contains a provision
allowing for the mandatory licensing of patents covering certain devices for reducing air pollution. Importantly, however, the patent owner is accorded due process and the
statute lays out a detailed process regulating the manner in which any such license can be issued, including findings of necessity and that no reasonable alternative method to
accomplish the legislated goal exists. Also of critical importance is that the statute requires compensation to the patent holder. Similarly, the Atomic Energy Act contemplates
mandatory licensing of patents covering inventions of primary importance in producing or utilizing atomic energy. This statute, too, requires due process, findings of importance

to the statutory goals and compensation to the rights holder. A 1 R PS IP waiver would operate outside of these types of frameworks. There would be
nodue ProCess, no particularized findings, no Compensation and no rECOUISE. Indeed, the fact that the World Trade Organization (WTO) already has a

process under the TRIPS agreement to address public health crises, including the compulsory licensing provisions, with necessary guardrails and compensation, makes quite
clear that the waiver would operate as a free for all. Forced Tech Transfer Could Be on The Table When being questioned about the scope of a potential TRIPS IP waiver,
Ambassador Tai invoked the proverb “Give a man a fish and you feed him for a day. Teach a man to fish and you feed him for a lifetime.” While this answer suggests primarily
that, in times of famine, the Administration would rather give away other people’s fishing rods than share its own plentiful supply of fish (here: actual COVID-19 vaccine stocks),
it is apparent that in Ambassador Tai’s view waiving patent rights alone would not help lower- and middle-income countries produce their own vaccines. Rather, they would need
to be taught how to make the vaccines and given the biotech industry’s manufacturing know-how, sensitive cell lines, and proprietary cell culture media in order to do so. In

other words, Ambassador Tai acknowledged that the scope of the current TRIPS IP waiver discussions includes the concept of forced tech transfer. |_n the ConteXth

climate change, te idea would be that cOMPanies who develop successtu methods for producing new seed technologies and
sustainable biomass, reducing greenhouse gases in manufacturing @Nd transportation, CAPLUFING and sequestering CAIDON in soil

and products, and more, WOUI i heir i KNoW-hOoW to giobal competitors. While it is unclear how this
concept would work in practice and under the constitutions of certain countries, the suggestion alone could be devastating to voluntary

international collaborations. even if one could assume that the United States could not implement forced tech transfer on its own soil, what about the
governments of our international development partners? It is not hard to understand that a U.S.-based company developing climate change technologies would be
unenthusiastic about partnering with a company abroad knowing that the foreign country’s government is on track — with the assent of the U.S. government — to change its laws
and seize proprietary materials and know-how that had been voluntarily transferred to the local company. Necessary Investment Could Diminish Developing climate change
solutions is not an easy endeavor and bad policy positions threaten the likelihood that they will materialize. These products have long lead times from research and
development to market introduction, owing not only to a high rate of failure but also rigorous regulatory oversight. Significant investment is required to sustain and drive these

challenging and long-enduring endeavors. For example, synthetic biology companies critical to this area of innovation raised over $1 billion in investment in the second quarter
of2019 alone. If investors cannot be confident that IP_will be in place to protect important climate change

teChnOlOgieS after their long road from bench to market, it is Unlikely the! Will continue to investa_tthe current and reguired levels.

Extinction.

vYangyang XU and Ramanathan 17, assistant Professor of Atmospheric Sciences at Texas A&M University; and Veerabhadran Ramanathan, Distinguished
Professor of Atmospheric and Climate Sciences at the Scripps Institution of Oceanography, University of California, San Diego, 9/26/17, “Well below 2 °C: Mitigation strategies
for avoiding dangerous to catastrophic climate changes,” Proceedings of the National Academy of Sciences of the United States of America, Vol. 114, No. 39, p. 10315-10323

We are proposing the following extension to the DAI [iSk categorization: warming greater than 1.5 °C as

“dangerous; warming greater than 3 °C as “catastrophic?”; and warming in excess of 5 °C as “unknown»z



https://www.ipwatchdog.com/2021/04/19/waiving-ip-rights-during-times-of-covid-a-false-good-idea/id=132399/
https://www.ipwatchdog.com/2021/05/05/tai-says-united-states-will-back-india-southafrica-proposal-waive-ip-rights-trips/id=133224/
https://www.bio.org/sites/default/files/2021-04/Climate%2520Report_FINAL.pdf
https://www.bio.org/sites/default/files/2021-04/Climate%2520Report_FINAL.pdf

with the understanding that Changes of this magnitude, not experienced in the last 20+ million years, pose
QX|§tht|§| l;hrgg!;§ LQ a m§|grlty Qf Lh@ QQleatlgn The question mark denotes the subjective nature of our deduction and the fact that

catastrophe can strike at even lower warming levels. The justifications for the proposed extension to risk categorization are given below. From the IPCC burning embers

diagram and from the language of the Paris Agreement, we infer that the DAI begins at warming greater than 1.5 °C. r criteria for extending the risk
category veyond DAl include the potential risks of climate change to the physical climate system, the ecosystem,
human health, and sgecies extinction. Let us first consider the category of catastrophic (3 to 5 °C warming). 1 N€ first maior concern
i_Sthe issue oftiEQing QOintS. Several studies (48, 49) have concluded that 3 {0 5 °C gIobaI Warming is Ilkely to be the threshold
for tipping points such as the collapse of the western Antarctic ice sheet, shutdown of deep water
Qm.llaljgﬂ in the North Atlantic, Mkﬂmﬂmmmﬁ as well as boreal forests, and Qﬂlﬁ;ﬁmﬂhﬂ@tﬂm‘aﬂ
MONS00N, among others. While NAatural scientists refer to these as abrupt and irreversible climate changes,
economists refer to them as catastrophic events (49). Warming of such magnitudes also has Catastroghic human health

effects. Many recent studies (50, 51) have focused on the direct influence of extreme events such as heat waves on public health by evaluating exposure to heat stress

and hyperthermia. It has been estimated that the likelihood of extreme events (defined as 3-sigma events), including heat waves, has increased 10-fold in the recent decades
(52). Human beings are extremely sensitive to heat stress. For example, the 2013 European heat wave led to about 70,000 premature mortalities (53). The major finding of a
recent study (51) is that, currently, about 13.6% of land area with a population of 30.6% is exposed to deadly heat. The authors of that study defined deadly heat as exceeding a
threshold of temperature as well as humidity. The thresholds were determined from numerous heat wave events and data for mortalities attributed to heat waves. According to

this study, a 2 °C warming would double the land area subject to deadly heat and expose 48% of the
population. A 4 °C warming by 2100 WOUId SUDJECt 47% of the land area and aimost /4 % Of the world population to deadly heat.

which could pose existential risks to humans and mammais aiike UNless massive adaptation measures are
imglemented, such as providing air conditioning to the entire population or a massive relocation of most of the population to safer climates. Climate risks can
vary markedly degending on the SOCioeconomic status and culture of the population, and so we must take up the question of “dangerous to

whom?” (54). Our discussion in this study is focused more on people and not on the ecosystem, and even with this limited scope, there are multitudes of categories of people.

We will focus on th r t |”| n | living mostly in tropical rural areas, who are still relying on 18th-century technologies for meeting basic needs

such as cooking and heating. Their contribution to CO2 pollution is roughly 5% compared with the 50% contribution by the wealthiest 1 billion (55). This bottom 3 billion

population comprises mostly subsistent farmers, whose ||V§|IhQQd will DQ §§vgr§|y Impagtgd, if th Q§§Lrgy§d with a one- to five-year
megadrought, heat waves, or heavy floods; for those among the bottom 3 billion of the world’s population who are living in coastal areas, a 1- to 2-m rise in sea level
“Ike'y with awarming in excess of 3 OCI poses existential threat i they do not relocate or migrate. It has been estimated that
several hundred million Qeogle would be SUbieCt to famine wit warming in excess of 4 °C (54). However, there has essentially been no
discussion on warming beyond 5 °. Climate change-induced species extinction is one major concern with warming of
WMM) The current rate of loss of species is ~1,000-fold the historical rate, due largely to habitat destruction. At this rate, about 25%
of species are in danger of extinction in the coming decades (56). Global warming of 6 °C or more (accomganled b! increase in ocean
acidity due to increased co2) can act as a major force multiplier and expose as much as 90% of species to tne dangers of
extinction (s7). The bodily harms combined with Climate change-forced species destruction, biodiversity loss. and

hr W. r and fi [itV, as summarized recently (58), mQtIV@th us tQ ggtgggrlzg Warming nggng 5 OQ as

unknown??, implvinq the possibility of existential threats. Fig. 2 displays these three risk categorizations (vertical dashed lines).

Case
Nuke war doesn’t cause extinction.
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The no-rubble simulation Qroduces aSi gmﬂcantly more mtense fire, with more fire spread, and consequenty @

than the simulation with

rubble, illustrated in Figure 5. Whlle the no- rubble S|mulat|on represents the worst-case scenario involving vigorous
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fire activity, only a relatively small amount of carbon makes its way into the stratosphere during the course

of the simulation. But while small compared to the surface BC mass, stratospheric BC amounts from the current simulations are significantly higher than what would be
expected from burning vegetation such as trees (Heilman et al., 2014), e.g., the higher energy density of the building fuels and the initial fluence from the weapon produce an
intense response within HIGRAD with initial updrafts of order 100 m/s in the lower troposphere. Or, in comparison to a mass fire, wildfires will burn only a small amount of fuel in
the corresponding time period (roughly 10 minutes) that a nuclear weapon fluence can effectively ignite a large area of fuel producing an impressive atmospheric response.

Figure 6 shows vertical Qrofiles of BC multiplied by 100 (number of cities involved in the exchange) from the two simulations. The total amount of BC produced is
in line with previous estimates (about 3.69 Tg from no-rubble simulation); however, the majority of BC €Sides below the Stratosphere (3.46 Tg below 12

QrOdUCGd by the fire |tse f not modeled) OI' other S!nOQtIC Weather System . While the impact on climate of these more realistic profiles
will be explored in the next section, it should be mentioned that these estimates are siiat the high end, considering the inherent
simplifications in the combustion model that lead to overestimating BC production. 33 cimate Results
Long-term climatic effects critically depend on the initiar injection height of the soot. with larger quantities
reaching the upper troposphere/lower stratosphere inducing a greater cooling impact because of longer
residence times (Robock et al., 2007a). Absorption of solar radiation by the BC aerosol and its subsequent radiative cooling tends to heat the surrounding air, driving

an initial upward diffusion of the soot plumes, an effect that depends on the initial aerosol concentrations. MIXIng and sedimentation w.ndt reduce
this process. and low altitude emissions are aiso significantly impacted by precipitation i aging of the BC aerosol occurs

on sufficiently rapid timescales. But once at stratospheric altitudes, aerosol dilution via coagulation is hindered by low particulate concentrations (e.g., Robock et al., 2007a) and

lofting to much higher altitudes is inhibited by gravitational settling in the low-density air (Stenke et al., 2013), resulting in more stable BC concentrations over long times. Qf
the initial BC mass released in the atmosphere, most of which is emitted below 9 km, 70% rains out within the first

month and 78%. orabout 2.9 7¢, is removed within the first two months (rigure 7, solid line), with the remainder (about 0.8 Tg, dashed
line) being transported above about 12 km (200 hPa) within the first week. This outcome differs from the findings of, e.g., Stenke et al. (2013, their high BC-load cases) and Mills
et al. (2014), who found that most of the BC mass (between 60 and 70%) is lifted in the stratosphere within the first couple of weeks. This can also be seen in Figure 8 (red
lines) and in Figure 9, which include results from our calculation with the initial BC distribution from Mills et al. (2014). In that case, only 30% of the initial BC mass rains out in
the troposphere during the first two weeks after the exchange, with the remainder rising to the stratosphere. In the study of Mills et al. (2008) this percentage is somewhat
smaller, about 20%, and smaller still in the experiments of Robock et al. (2007a) in which the soot is initially emitted in the upper troposphere or higher. In Figure 7, the e-folding
timescale for the removal of tropospheric soot, here interpreted as the time required for an initial drop of a factor e, is about one week. This result compares favorably with the
“LT” experiment of Robock et al. (2007a), considering 5 Tg of BC released in the lower troposphere, in which 50% of the aerosols are removed within two weeks. By contrast,
the initial e-folding timescale for the removal of stratospheric soot in Figure 8 is about 4.2 years (blue solid line), compared to about 8.4 years for the calculation using Mills et al.
(2014) initial BC emission (red solid line). The removal timescale from our forced ensemble simulations is close to those obtained by Mills et al. (2008) in their 1 Tg experiment,
by Robock et al. (2007a) in their experiment “UT 1 Tg”, and © 2018 American Geophysical Union. All rights reserved. by Stenke et al. (2013) in their experiment “Exp1”, in all of
which 1 Tg of soot was emitted in the atmosphere in the aftermath of the exchange. Notably, the e-folding timescale for the decline of the BC mass in Figure 8 (blue solid line) is
also close to the value of about 4 years quoted by Pausata et al. (2016) for their long-term “intermediate” scenario. In that scenario, which is also based on 5 Tg of soot initially
distributed as in Mills et al. (2014), the factor-of2 shorter residence time of the aerosols is caused by particle growth via coagulation of BC with organic carbon. Figure 9 shows

the BC mass-mixing ratio, horizontally averaged over the globe, as a function of atmospheric pressure (height) and time. The BC distributions used |n our

simulations imply that we upward transport of particles is substantially less efficient compared to the case in
which s Tg of BC is dlreCth |n|eCted into the upper trODOSDhere. The semiannual cycle of lofting and sinking of the aerosols is associated

with atmospheric heating and cooling during the solstice in each hemisphere (Robock et al., 2007a). During the first year, the oscillation amplitude in our forced ensemble
simulations is particularly large during the summer solstice, compared to that during the winter solstice (see bottom panel of Figure 9), because of the higher soot concentrations
in the Northern Hemisphere, as can be seen in Figure 11 (see also left panel of Figure 12). Comparing the top and bottom panels of Figure 9, the BC reaches the highest

altitudes during the first year in both cases, but the concentrations at 0.1 hPa in the top panel can be 200 times as large. Qualitatively, the difference can be

understood in terms of the air temperature increase caused by BC radiation emission, which is several
tens of kelvin degrees in the simulations of Robock et al. (20074, see their Figure 4), MllS et al. (2008, see their Figure 5), Stenke et al.

(2013, see high-load cases in their Figure 4), Mills et al. (2014, see their Figure 7), ANd Pausata et al. (2016, see one-day emission cases in their Figure 1), Jue to
high BC concentrations, butitamounts to only about 10 K in our forced ensemble simulations, asilustrated in Figure 10.

Results similar to those presented in Figure 10 were obtained from the experiment “Exp1” performed by Stenke et al. (2013, see their Figure 4). INn_that scenario

as well, somewhat less that 1 Tg of BC remained in the atmosphere after the initial rainout. s
mentioned before, the BC aerosol that remains in the atmosphere, lifted to stratospheric heights by the rising soot plumes, undergoes sedimentation over a timescale of several
years (Figures 8 and 9). This mass represents the effective amount of BC that can force climatic changes over multi-year timescales. In the forced ensemble simulations, it is
about 0.8 Tg after the initial rainout, whereas it is about 3.4 Tg in the simulation with an initial soot distribution as in Mills et al. (2014). Our more realistic source simulation
involves the worstcase assumption of no-rubble (along with other assumptions) and hence serves as an upper bound for the impact on climate. As mentioned above and further
discussed below, our scenario induces perturbations on the climate system similar to those found in previous studies in which the climatic response was driven by roughly 1 Tg
of soot rising to stratospheric heights following the exchange. Figure 11 illustrates the vertically integrated mass-mixing ratio of BC over the globe, at various times after the
exchange for the simulation using the initial BC distribution of Mills et al. (2014, upper panels) and as an average from the forced ensemble members (lower panels). All
simulations predict enhanced concentrations at high latitudes during the first year after the exchange. In the cases shown in the top panels, however, these high concentrations
persist for several years (see also Figure 1 of Mills et al., 2014), whereas the forced ensemble simulations indicate that the BC concentration starts to decline after the first year.
In fact, in the simulation represented in the top panels, mass-mixing ratios larger than about 1 kg of BC © 2018 American Geophysical Union. All rights reserved. per Tg of air
persist for well over 10 years after the exchange, whereas they only last for 3 years in our forced simulations (compare top and middle panels of Figure 9). After the first year,
values drop below 3 kg BC/Tg air, whereas it takes about 8 years to reach these values in the simulation in the top panels (see also Robock et al., 2007a). Over crop-producing,
midlatitude regions in the Northern Hemisphere, the BC loading is reduced from more than 0.8 kg BC/Tg air in the simulation in the top panels to 0.2-0.4 kg BC/Tg air in our
forced simulations (see middle and right panels). The more rapid clearing of the atmosphere in the forced ensemble is also signaled by the soot optical depth in the visible
radiation spectrum, which drops below values of 0.03 toward the second half of the first year at mid latitudes in the Northern Hemisphere, and everywhere on the globe after
about 2.5 years (without never attaining this value in the Southern Hemisphere). In contrast, the soot optical depth in the calculation shown in the top panels of Figure 11
becomes smaller than 0.03 everywhere only after about 10 years. The two cases show a similar tendency, in that the BC optical depth is typically lower between latitudes 30°
S-30° N than it is at other latitudes. This behavior is associated to the persistence of stratospheric soot toward high-latitudes and the Arctic/Antarctic regions, as illustrated by
the zonally-averaged, column-integrated mass-mixing ratio of the BC in Figure 12 for both the forced ensemble simulations (left panel) and the simulation with an initial 5 Tg BC




emission in the upper troposphere (right panel). The spread in the globally averaged (near) surface temperature of the atmosphere, from the control (left panel) and forced (right
panel) ensembles, is displayed in Figure 13. For each month, the plots show the largest variations (i.e., maximum and minimum values), within each ensemble of values
obtained for that month, relative to the mean value of that month. The plot also shows yearly-averaged data (thinner lines). The spread is comparable in the control and forced
ensembles, with average values calculated over the 33-years run length of 0.4-0.5 K. This spread is also similar to the internal variability of the globally averaged surface
temperature quoted for the NCAR Large Ensemble Community Project (Kay et al., 2015). These results imply that surface air temperature differences, between forced and
control simulations, which lie within the spread may not be distinguished from effects due to internal variability of the two simulation ensembles. Figure 14 shows the difference
in the globally averaged surface temperature of the atmosphere (top panel), net solar radiation flux at surface (middle panel), and precipitation rate (bottom panel), computed as
the (forced minus control) difference in ensemble mean values. The sum of standard deviations from each ensemble is shaded. Differences are qualitatively significant over the
first few years, when the anomalies lie near or outside the total standard deviation. Inside the shaded region, differences may not be distinguished from those arising from the
internal variability of one or both ensembles. The surface solar flux (middle panel) is the quantity that appears most affected by the BC emission, with qualitatively significant
differences persisting for about 5 years. The precipitation rate (bottom panel) is instead affected only at the very beginning of the simulations. The red lines in all panels show
the results from the simulation applying the initial BC distribution of Mills et al. (2014), where the period of significant impact is much longer owing to the higher altitude of the
initial soot distribution that results in longer residence times of the BC aerosol in the atmosphere. When yearly averages of the same quantities are performed over the
IndiaPakistan region, the differences in ensemble mean values lie within the total standard deviations of the two ensembles. The results in Figure 14 can also be compared to
the outcomes of other previous studies. In their experiment “UT 1 Tg”, Robock et al. (2007a) found that, when only 1 Tg of soot © 2018 American Geophysical Union. All rights
reserved. remains in the atmosphere after the initial rainout, temperature and precipitation anomalies are about 20% of those obtained from their standard 5 Tg BC emission
case. Therefore, the largest differences they observed, during the first few years after the exchange, were about - 0.3 K and -0.06 mm/day, respectively, comparable to the
anomalies in the top and bottom panels of Figure 14. Their standard 5 Tg emission case resulted in a solar radiation flux anomaly at surface of -12 W/m2 after the second year
(see their Figure 3), between 5 and 6 time as large as the corresponding anomalies from our ensembles shown in the middle panel. In their experiment “Exp1”, Stenke et al.
(2013) reported global mean surface temperature anomalies not exceeding about 0.3 K in magnitude and precipitation anomalies hovering around -0.07 mm/day during the first
few years, again consistent with the results of Figure 14. In a recent study, Pausata et al. (2016) considered the effects of an admixture of BC and organic carbon aerosols, both
of which would be emitted in the atmosphere in the aftermath of a nuclear exchange. In particular, they concentrated on the effects of coagulation of these aerosol species and
examined their climatic impacts. The initial BC distribution was as in Mills et al. (2014), although the soot burden was released in the atmosphere over time periods of various
lengths. Most relevant to our and other previous work are their one-day emission scenarios. They found that, during the first year, the largest values of the atmospheric surface
temperature anomalies ranged between about -0.5 and -1.3 K, those of the sea surface temperature anomalies ranged between -0.2 and -0.55 K, and those of the precipitation
anomalies varied between -0.15 and -0.2 mm/day. All these ranges are compatible with our results shown in Figure 14 as red lines and with those of Mills et al. (2014, see their

Figures 3 and 6). As already mentioned in Section 2.3, the net solar flux anomalies at surface are also consistent. 1 NIS overall agreement suggests that the
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alter the climatic effects resulting from our forced ensemble simulations. Moreover, aerosol growth

would likely shorten the residence time of the BC particulate in the atmosphere (pausata et al., 2016), possibly
r ing th ration of th ffi .




