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Executive Summary: Tipping Points

Climate decision-making requires acting on long-term scientific signals with imperfect estimates of financial and societal
impact, sometimes well before markets fully price in the risks. Leaders make strategic choices under this uncertainty,
which may only become visible to the broader market years later.

A common question | get from board members or executives: What do the next five years look like, for me, in my job?
For context, across the S&P 500, the average CEO has a tenure of 7.6 years and average board of directors member
has a tenure of 7.8 years.' Investors can have longer tenure in their roles, but not much.™ While those corporate leaders
make decisions today that may affect the future of their business beyond their tenure, they will not necessarily navigate
through an 8-year-plus future world in their current seat. They want to know how the climate will change and how it
will flow through their daily work life. It requires translating climate science into direct impacts within their specific time
horizon (<8 years). However, it also requires thinking how perceptions of the future may shift as more is known in climate
science and markets price in both cumulative and future climate change. In essence, what they want to do is make sure
they time the (climate) market.

There’s no question that climate change will have business impacts. Physical climate risk is beginning to affect insurance
markets,” , utilities within wildfire zones", and real estate'. But not all change may be gradual. Low-probability but
potentially abrupt “climate tipping point” shifts could reshape risks and opportunities rapidly. These climate black swan
risks may be unlikely but highly consequential, with considerable uncertainty about when or how quickly they could
materialize. For these nonlinear changes, timelines of executive tenure and currently projected change are mismatched,
which impedes effective long-term decision-making.

These climate tipping points have emerged as a phenomenon of concern but also deep uncertainty and scientific debate
in recent years. We need to try to bridge this gap to truly prepare businesses for deeply consequential climate events
that may occur against highly uncertain timelines. Nevertheless, elements of tipping point risk are beginning to be
incorporated into certain decisions for capital allocation and investment strategy. This report dives into climate tipping
points, what they are, who is pricing them in, and how to make decisions under deep uncertainty.

Inshort, while the Climate Intuition series recommends prioritizing resilience planning for physical risk and decarbonization,
one should treat tipping points as potentially impactful but under-modeled. Just because an event is improbable does not
mean it is impossible. The lack of historic analogs and abrupt, nonlinear and uncertain nature of tipping points makes
them difficult to plan for against more routine volatility risks. Scenarios and tabletop exercises, borrowed from other
spheres of decision-making under deep uncertainty, can help prepare for new science or emerging shifts.

The table below helps us think through different actors and their objectives that might lead to potential actions they can
take on climate tipping points. Book suggestions have been added, which may seem counterintuitive to other reports
we’ve published. At recent board meetings, people have asked where they can read more, fiction or nonfiction, to explore
different future scenarios to understand how to plan for an uncertain future.

Dr Sarah Kapnick
Global Head of Climate Advisory,
Commercial & Investment Bank, J.P. Morgan
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Potential actions of those
responding to tipping points:

Figure 1: Potential actions of those responding to tipping points

Objectives Potential Actions

Venture Capital  Invest in emerging technology < Back decarbonization, adaptation, and climate intervention
and sectors that will scale - Define a tipping point thesis
over ~10yrs

Pension Fund / - Preserve and grow capital - Diversify geographies/sectors

Multi-Generational  across generations « Map portfolio physical risk exposure
Family Office « Avoid permanent + Run scenarios that include tipping points
impairment - Capture resilience/transition opportunities to protect value of
investments
Policymaker / - Protect people/assets - Design resilience policy
National Security < Maintain stability - Use insights to run tabletop exercises and inform strategy
Advisor « Enable economic growth + Planning for climate change

« Build early warning/monitoring capacity

« Plan geographic revaluations

« Analyze food, water, infrastructure resilience to tipping
« Secure critical supply chains

« Climate informed defense and diplomacy planning

Philanthropist ~ « Private funding for public - Philanthropy bringing together funders to support climate

good stahilization research efforts: www.outlierprojects.org
« Scientific research « Ocean relating tipping points and interventions: https://
« Catalytic capital oceanvisions.org/

- University focused on coral reefs and marine issues more broadly
in a changing climate: https://giving.earth.miami.edu/

« Accelerating cutting greenhouse gas emissions: https://www.
sparkclimate.org/

« National Security and tipping points: https://
councilonstrategicrisks.org/

Bookworm + Build context and scenario - Non-Fiction: “Positive Tipping Points” by Tim Lenton
thinking « Non-Fiction Technical: “Decision Making under Deep Uncertainty”
« Use insights and scenario by Vincent Marchau et al.

planning to inform strategy  « Climate Science Fiction: “Termination Shock” by Neal Stephenson
+ Climate Science Fiction: “The 2084 Report: A Novel of the Great
Warming” by James Lawrence Powell



Sclence: What are climate tipping points?
The basics of global systematic change

Climate tipping points are critical thresholds in Earth’s interconnected system—the air, land, oceans, ice and living things,
commonly referred to as the Earth System—where even a small amount of extra warming can push the system into a
new state and set off self-reinforcing changes. Once crossed, these shifts can be hard or impossible to reverse.”’ The
most widely identified tipping points by global geographic region are visualized in Figure 2. Across scientific papers and
synthesis reports of tipping points, the regions and locations are similar. However, there is uncertainty about exactly
when they might begin (start year/decade or temperature) and how quickly the changes would unfold (years to centuries).

Figure 2: Most widely identified tipping points by region
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University of Exeter, Exeter, U.K. ©The Global Tipping Points Report 2025, University of Exeter, U.K. (link); adapted by J.P. Morgan

Another way to visualize this uncertainty in the estimated probability of future tipping point thresholds is to look at
ranges of temperature change where they could occur. Figure 3 summarizes tipping points that may begin occurring
around 1.5°C of warming (the recent 3-year global average'’ 2023-25). Some have large ranges in uncertainty (very
tall bars) of when they may lead to tipping, like the Atlantic Meridional Overturning Circulation (AMOC)."" New scientific
research and review articles regularly come out on AMOC, highlighting observations of weakening over the last century
(~15%) and potential for tipping over the next century.*




These shifts fall into three main areas: (1) ecosystem collapse, where current ecosystems are no longer viable in present-
day locations; (2) changes in major ocean currents that move heat, nutrients and water from one region to another; (3)
cryosphere loss, where sea ice, glacier ice (land ice), permafrost (soil ice) and snow are no longer present.

Figure 3: Ranges of temperatures that may catalyze tipping points, starting ~1.5°C
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On the Brink: Coral Reefs, Commercial Fisheries, Tourism, and Coastal Erosion

Coral reefs are already exhibiting a shift under the stress of ocean warming coupled with ocean heat waves that
make temperatures spike higher than the average, especially during El Nifio periods. When pushed beyond their ideal
temperature range, corals “bleach” where they expel their microscopic colorful algae, leaving a white skeleton behind.
The algae can return if temperatures cool, but as heatwaves extend (or background temperatures warm), the likelihood
of algae return decreases. The algae helps generate food for corals; if they don’t return, the coral tissue starves and
dies.* This leads to coral die off and extinction.

In 1998 and <1°C of background warming, the Figure 4: % of global reefs affected by bleaching-level heat stress
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Corals matter; they serve as nurseries for young marine species, supporting an estimated 25% of all marine life at some
point in their life cycle.¥ Lose the corals and you lose the marine life dependent on them.

Coral reef loss is expected to degrade commercial fisheries and tourism along the ocean and to increase erosion rates
along the coast as corals act as sponges of wave strength before they hit the shore. In short, coral reef ecosystem
collapse isn’t theoretical; species are already becoming functionally extinct in their historic waters™ and those remaining
are already under regular stress. This tipping point is unique in its geographic concentration and nearer-term impact,
increasing local urgency to respond. Commercial sectors and communities dependent on them are on the precipice of
finding out what happens as the first tipping point shifts. A prudent decision-maker will conduct risk assessments even
if action is not taken. Actionable steps to reduce risk include diversification of exposure before tipping and targeted
resilience and adaptation investments to safeguard livelihoods and asset values.



After a tipping point starts to occur, the speed of change toward a new climate state is not necessarily linear and can
accelerate or decelerate due to something known as a “positive feedback loop” or a “negative feedback loop.”

Figure 5: Feedback loop schematic: positive (self-reinforcing) and negative (self-limiting)
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For example, as greenhouse gases accumulate in the atmosphere, temperatures rise and snow and sea ice decline. The
darker land and water that emerge absorb more sunlight, accelerating local warming and melting. These feedbacks are
increasing spring warming as snow and ice disappear earlier. They also add uncertainty about how fast warming may
proceed and how systems may respond as tipping points are crossed.

IEUCEVEY

Speed matters: Rapid shifts can push systems past tipping points faster than society can adapt, disrupting society,
ecological health (especially food production) and security. Under crisis, the cost of capital can spike, making
adaptation more costly than if done proactively to mitigate damage (i.e., there is a return on investment of
adaptation in advance of a crisiis*"). Climate feedbacks spread impacts beyond where they start, adding complexity.
Social responses can also present nonlinear and competing feedbacks, amplifying or reducing concern, awareness or
response.

Ultimately, the rapid changes in regional and global climate and access to resources brought about by tipping points (e.g.,
sea level rise, collapsed ecosystems, water availability, extreme heat, food productivity, infrastructure degradation) could
lead to far-reaching social responses including migration, conflict and geopolitical instability. " These are low-probability,
high-impact tail risks without modern precedents.



Help me understand what | can do:
decision making under deep uncertainty
Differentiating global versus local impacts
and responses

Frameworks for accounting for tipping points are starting to emerge, but the art of translation from climate science into
practical use is in early stages. Some tipping points are so systematic and far reaching that financial preparation at the
portfolio level is less relevant, as they would represent fundamental shifts across entire markets unfolding over decades
with societal uncertainty layered on top of climate science uncertainty. In contrast, tipping points like coral reef loss or
sea level rise are less globally systemic but can have significant localized impacts, especially for concentrated portfolios
by geography or commodity. This is where investors can take concrete actions. For example, once sea level rise passes
a certain threshold, high tide (also known as nuisance day flooding) can increase rapidly, as baseline sea levels exceed
ground thresholds, leading to regular flooding. This can render coastal infrastructure inoperable and requires advanced
resilience planning and investment for multi-year resilience construction.* This section works to take the science of
Section One and translate it into different frameworks for assessing tipping point exposures and remediation.

Tipping points are abstract due to (@) their time horizon uncertainty, (b) shifts between states may be too fast for
adaptation measures and the (c) lack of analogs to understand their social, financial and national security impacts. To
be clear: For the purposes here, we will use a definition of tipping points representing a subset of physical, biological
and chemical Earth System risks brought about by climate change. This definition characterizes tipping points by their
nonlinear, potentially irreversible and systematic nature. The deep uncertainty of tipping points complicates projecting
their influence and decision-making.

Figure 6: Separating linear from nonlinear climate risks: physical climate versus climate tipping points
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There are different approaches to trying to conceptualize tipping point risks and how to respond.



1. Focusing on losses—Analyze tipping points versus steady climate change as a cash loss risk in a discounted cash flow
analysis.

We provide 3 scenarios to illustrate physical risk versus tipping point losses in a discounted cash flow (DCF) analysis:
(1) Base case where loss events have a steady risk of happening
(2) Climate drift where losses increase by a 0.75% climate change induced linear growth annually on top of (1)

(3) Tipping point where there is a fundamental shift in loss probabilities after a tipping point on top of a climate drift
environment from (2)

Figure 7: Tipping points vs. steady climate change vs. no change base case as a cash loss risk in a discounted cash
flow analysis

@ Tipping points fundamentally change the probability of events occurring that lead to losses While losses from particular events can be
material, these projections do not account for
loss of future revenue in the case that the tipping
point leads to the cessation of operations
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Losses until tipping are the same in a steady climate change scenario and pre-tipping point. A physical climate change
strategy works for both scenarios in the beginning. However, losses can increase dramatically after a tipping point is
reached (here assumed rapidly). The change in losses is most acute for the most rare events (1/500) that shift to becoming
more commonplace, dramatically altering risk profiles. As with all DCF analyses, discount rate assumptions can blunt
expected losses in valuation today. The cumulative risk of an event jumps significantly after tipping with annual risk
increasing.

Takeaway

A common recommendation of Climate Intuition: Consider climate change. A stable base case derived from historic
data will misprice exposures over longer time horizons due to climate drift. The gap widens over time under
scenarios of linear climate change. Maintaining the status quo ignores these gradual but predictable changes. Here
the lesson is that accounting for linear assumptions of climate change may not be sufficient on a long enough time
horizon. For certain climate exposures and geographies, if you're looking far out enough, you also need to plan for
nonlinear changes from tipping points. This means exploring scenarios with abrupt, step-changes rather than smooth
trends. For this DCF analysis, costs shift only from the tipping point itself, requiring quick action to avoid further loss.
Climate is often modeled as a risk first. The above analysis is a loss at one point in time. This DCF approach models
tipping points in terms of losses, but not revenues. As awareness or expectations of a tipping point evolve, revenues
can also shift as customer preferences, technology adoption and regulatory environments change. This repricing can
occur before a shift in costs from an actual event. A full tipping point may also eliminate future value by zeroing out
the perpetuity of revenue generation from a single source. For example, coral reef collapse will zero out boat charter
revenues from snorkeling and fishing reliant on coral reefs.



2. Behavior and knowledge change—shifts in awareness or anticipation of tipping points due to planning time horizon
and changes in scientific understanding

An MSCI global market survey of 350 industry professionals representing asset owners and managers, banks and insurers
asked participants when they think the economic impacts of climate change will become noticeable. More than 50% of
respondents expect the impacts will be noticeable in 15 years.

Figure 8: When will the economic impacts of climate change become noticeable?
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Source: MSCI Institute: “What the Market Thinks: A Climate Risk Survey” (link); The survey of 350 industry professionals representing asset owners and managers,
banks and insurers across all regions

Over a 15-year horizon—an eternity in market terms—climate tipping points and disaster risk can outpace conventional
underwriting and valuation, leaving material risks effectively unmanaged. Standard approaches (for example, DCF models
with 3- to 5-year forecast periods) struggle to reflect nonlinear outcomes and deep uncertainty. As a result, markets have
been slow to develop scalable, long-duration instruments that credibly transfer or price these risks.

Given that uncertainty, risk capacity remains concentrated in short-duration products. Catastrophe bonds typically mature
in about three years, while most insurance policies are repriced annually; even newer structures such as parametric
insurance often focus on single perils, with policy terms generally extending to no more than five years.

Longer-horizon signals are emerging in capital allocation. Green bond issuance with adaptation and resilience use-
of-proceeds—across 5- to 25-year tenors—points to more explicit, earmarked spending. Venture capital investment in
resilience technologies also indicates which solutions investors expect to scale over the next 15 years, and where demand
may expand.



Figure 9: Tenors of different instruments

2 additional

1 tipping point
current!

tipping points at Weighted average life of mortgages
risk in 25 years?

Holding period = Maturity period

U.K. Mortgages

Adaptation bonds®

U.S. Mortgages { Mortgages are securitized in ~15 days post ]

origination, transferring the risk to investors?

E.U. Mortgages

Commercial
Loans

Catastrophe
bonds

P&C Insurance

10 15 20 25 30 35

| ____________________.____

© e e

Timeline (Years)

Source: J.P. Morgan, ! Global Tipping Points, “Global Tipping Points Report 2025”, 2 Richmond Federal Reserve (Link), | Note: ! Current tipping points risk includes coral reef
die-off, near term risk by 2030 includes SPG permafrost thaw, Greenland ice sheet, and WAIS collapse, medium-term risk by 2050 includes mountain glaciers and Amazon
dieback; 3 Adaptation bonds have tenors of 5-30 years though full allocation of proceeds occurs within 2-3 years post execution

Very few surveys of business leaders are granular enough to isolate expectations of tipping points. In surveying global
banks, the United Nations Environment Program Finance Initiative and Global Credit Data find that banks have broadly
modeled first and second order physical climate risks, but only 5% have partially integrated tipping points into their risk
assessments.

Figure 10: Status of integration of tipping
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Finance Initiative (UNEP FI) and Global Credit Data (GCD), which involved 32 banks from five regions
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This raises the question: Why are tipping points left out? Perhaps they are too new in finance for wide adoption (in
scientific understanding or translating science into financial impact). Or the time horizon is too long or uncertain to price.

The answer is likely both. Tipping points are less modeled primarily because (1) the science is still evolving (large scientific
assessments have only begun in recent years), and because (2) the finance transmission mechanism is indirect, nonlinear
and often outside standard pricing horizons. It’s not only that they are “new” to finance; it’s that climate tipping points
are nonlinear without historic analog. They can arrive abruptly, and if they do in the future, they will invalidate historical
relationships that most risk and valuation models rely on.

As discussed in Section 1, tipping points are nonlinear and highly uncertain in terms of both timing and magnitude.
Because their timelines are long and traditional valuation analysis discounts the near future (~five years), they are hard
to price today. When there are localized impacts, regional analysis can reveal exposures and resilience measures as with
traditional physical risk analysis.

However, tipping points with global systematic impact are harder to incorporate into traditional planning. They introduce
broadly correlated losses and model uncertainty, introducing macro-level impacts (e.g., changes in growth, loss of
insurability, human and capital migration). Standard discounted cash flow analysis and historical calibration to previous
shocks handle these risks poorly. Some tipping points may be so far-reaching and systematic that financial preparation
at the portfolio level is less relevant, as these would represent fundamental shifts across entire markets with societal
uncertainty layered on top of climate science uncertainty. In these cases, scenario planning to explore potential outcomes
is usually employed over precise quantifiable financial impact due to the uncertain nature of the science, impacts and
outcomes. Knowledge about these systematic climate tipping points is constantly evolving with both climate science and
emerging frameworks for translating science into practical use, which is why they are not widely incorporated.

This horizon mismatch is acute in banking: For most bank loans and much of private credit, contractual maturities are
under five years, limiting the extent to which lenders can justify pricing a low-frequency, high-severity risk that may sit
beyond the loan term. Mortgages are a notable longer-duration exposure (up to 40 years), but even there the average
duration is much shorter. Or much of the mortgage risk is distributed through securitization, which can dilute incentives
and complicate where and how tipping point risk is ultimately priced.

More broadly, markets may adjust to tipping points as new evidence comes in, pushing values higher or lower as
uncertainty changes. On the top half of this conceptual chart, one can think about this as uncertainty of when the market
reprices an asset due to tipping points before the actual event happens and brings change relatively abruptly when a
tipping point is realized (dotted line).

Figure 11: The vagaries of repricing r
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However, people hold different views. On one extreme, a “high conviction pricer” plans early, setting a plan. A “new data
pricer” waits as new science is made public, changing pricing over time. For example, scientific assessments have been
published annually from the Global Tipping Points Group™ and a review paper is expected in late 2026 or early 2027
from the World Climate Research Programme as part of the Intergovernmental Panel on Climate Change 7th Assessment
Report cyclex™ »v At the other extreme, a “low conviction pricer” waits until the event occurs, repricing only when
necessary. There are potential risks and opportunities in all of these approaches. There are risks in being too early and
missing growth and risks in being too late as prices decline; this requires timing the (climate) market.

The time horizon of interest becomes important: Is a tipping point likely OR does new data come in, potentially leading
to a valuation update before an event unfolds. There isn’t a steady linear climate drift with these events, but potentially
abrupt and nonlinear shifts in the Earth System OR our understanding of them, resulting in potential re-evaluation.*

Additionally, markets can reprice when forced to by policy. Regulation has the potential to hasten the incorporation of
tipping points by markets. As more science develops, providing understanding of tipping point probabilities, speed or
impact, regulation can force disclosure or quantification of estimated impact to individual companies, assets, sectors,
geographies or governments. This can be done with translating tipping point science into impact directly, or through
increased urgency toward reducing greenhouse gas emissions via incentivizing efforts that reduce the likelihood of
a tipping point through decarbonization or carbon removal. The latter may use policy levers around emissions and
increased carbon prices to reduce emissions or reverse climate change through climate intervention, limiting temperature
or drawing down atmospheric greenhouse gases. As time elapses, bringing tipping points closer or science evolves
reducing uncertainty, it may hasten calls for policy to regulate away their occurrence. In summary, regulation and policy
shifts may also occur before actual tipping points are reached, repricing outcomes and markets.

To highlight decision timelines of investors accounting for various climate and policy scenarios, investor archetypes are
mapped to estimated earliest tipping point start dates, given current estimates from tipping point assessments in Section
1.

. T . I m e e o \
Figure 12: Tipping point investor archetypes : HIGHLY ILLUSTRATIVE !
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If tipping points are not included in due If assets are already within an investor's At the time of exit, investors may have to
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Source: J.P. Morgan, 1Global Tipping Points, “Global Tipping Points Report 2025” | Note: ! Current tipping points risk includes coral reef die-off, near term risk by
2030 includes SPG permafrost thaw, Greenland ice sheet, and WAIS collapse, medium-term risk by 2050 includes mountain glaciers and Amazon dieback

IEVCEVEY

The longer the investment horizon, the more potential tipping points each archetype should account for unfolding.
There is a choice between being proactive in planning for potential abrupt change, and reacting as (1) more
information is known, (2) as tipping points are realized or (3) as policy shifts repricing for tipping points.
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3. Therise of techno futurist preparation—anticipating extreme climate change and tipping points

As the physical manifestations of climate change intensify and the possibility of abrupt, nonlinear shifts grows, interest
has grown in technologies designed either to reduce atmospheric greenhouse gases or to limit peak global temperatures.
Two broad categories of these climate intervention®" technologies dominate the discussion:

+ Carbon Dioxide Removal (CDR): removes greenhouse gases™ii from the air or ocean and durably stores it.

« Solar Radiation Modification (SRM): reflects or scatters a small fraction of incoming sunlight to temporarily lower
global or regional temperatures.

Figure 13: Broad types of climate intervention technology

Carbon dioxide removal: Land Carbon dioxide removal: Carbon dioxide removal: Solar radiation modification

Atmospheric methane Marine
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® Atmospheric oxidation ® Ocean alkalinity enhancement
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carbon capture and ® Direct ocean capture ) .
i . ’ I e Cirrus cloud thinning
sequestration ® Biological oxidation e Biomass sinking

(bioreactors) ® Space-based reflectors

® Soil Carbon Management ® Ocean fertilization

® Ph talytic/th |
® Direct Air Capture otocatalytic/therma

oxidation ® Electrolysis + hydrogen co-
@ Biomass Carbon Removal and product
Storage
® Improved Forest Management
More developed Less developed

Source: J.P. Morgan

Notably, Intergovernmental Panel on Climate Change (IPCC) scenarios that stay below 2°C by 2100 have some level of CDR
to achieve net-negative emissions.** These technologies are how the carbon math works in global warming scenarios
that allow for emissions growth (and temperature rise) in the next decades, but still achieve a 2°C world by 2100, often
with temperatures overshooting Paris Agreement™* temperature maximum targets (1.5°C to 2°C) before CDR “draws
down” temperatures.

Historically, SRM has not been included in the standard IPCC scenarios of warming and projections to 2100. However,
separate coordinated studies (model intercomparison projects) have been conducted across willing modeling centers
worldwide to compare model results on effects of SRM.* Through this work and other efforts, there is a body of
scientific research on understanding how SRM might be used. Climate intervention methodologies (SRM and CDR) could
hypothetically be combined to limit future peak global temperatures (“peak shave”). SRM provides temporary cooling
while CDR draws down greenhouse gases to reduce the need for SRM over time.

Figure 14: Peak-shaving scenario for solar radiation modification (SRM)

—— Limited/no mitigation — high-end global warming

== Aggressive mitigation and CO, removal (CDR)
— low-end global warming

= = = Assumed stabilization temperature

Global surface temperature

Peak-shaving — SRM with aggressive mitigation
and CDR

— Temperature offset due to SRM

Time
Source: NOAA, “Solar radiation modification: NOAA State of the Science factsheet” (link)
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CDR and SRM sit at different technical maturity levels. CDR has moved beyond just academia and philanthropy into pilots
and early commercial activity, with venture and private capital backing select approaches. Uncertainties remain around
the technology (permanence of storage, monitoring, reporting, verification, cost, ecosystem safety), regulation and
demand for voluntary credits.

Figure 15: Financing for carbon dioxide removal

CARBON DIOXIDE REMOVAL
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Sources: ! IEA 2025; Driving down the cost of carbon removal: Why innovation matters, (link), License: CC BY 4.0; 2 CDR.FYI, “Investment Landscape in Carbon
Removal 2026” (link)

Solar radiation modification remains primarily in the research domain, with monetary support growing from governments

and philanthropies to support scientific discovery and governance development. In the past few years, a small number of;
SRM startups have also formed and received venture capital funding to commercialize early technological developments.
Despite multi-year efforts, SRM remains nascent with open questions of governance, regulation, impact (social, ecological,
national security) and long-term public or private market support.

Figure 16: Funding for solar radiation modification

SRM
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Sources: ! SRM360 Team (2025) - “SRM Funding Tracker* (link); 2 SRM360 Team (2025) - “SRM Funding Overview* (link)

IEVCEVEY

Interest from public and private capital market participants suggests some emerging interest in acting on climate
tipping point risks. This does not imply broad market adoption but signals pricing at the edges of the market by

some long-duration investors or early technology supporters. On the policy side, climate intervention to potentially
manage climate tipping points is being treated as new technology, innovation and industries driving economic growth
or uncertainty requiring further inquiry.
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4. Analyzing geopolitics by thinking like a state: tipping points and national security nexus

Climate tipping points act in a space between (1) traditional actuarial risk that is known and assumed to be well-
quantified (more traditional climate physical risk assessments) and (2) Knightan uncertainty* or deep uncertainty, where
probabilities are difficult to quantify, requiring a different set of tools to assess their impacts and adaptive measures to
take in advance. As the physical and social sciences of climate tipping points develops, they move from deep uncertainty
into actuarial risk. This is a critical point of the evolving Earth System under climate change. As scientific understanding
and climate change advances, tipping point uncertainty has the opportunity to decline.

National security strategy regularly requires planning for “deep uncertainty,” where probabilities have wide ranges of
uncertainty, models may be wrong and outcomes can be extreme and nonlinear. Robust decision-making under these
scenarios requires less focus on predicting a single future path, instead developing resilience across many plausible
outcomes. ™ Tabletop exercises may be used to bring decision-makers together to think through how they may react
to a novel scenario and may wish to strategically plan for extreme and nonlinear outcomes with low probability but
high impact. There are several groups publicly releasing either their national security exploration exercises or climate
intervention research and development goals.

The Nordic Council of Ministers*™" convened in October 2025 to summarize the state of the science, mitigation and
adaptation strategies, and areas for new scientific inquiry regarding the potential collapse of the Atlantic Meridional
Ocean Circulation. AMOC’s collapse could trigger significantly colder northern European winters, alter precipitation
patterns, increase localized sea level rise in the North Atlantic, and impact food production. These outcomes could affect
multiple categories of national security importance.

Figure 17: Impacts of a shutdown of AMOC

0 Precipitation pattern changes (surface water availability) _> Water security

@ Dramatic temperature and precipitation changes _) Food security

A Higher demand for heating _) Energy security

@ Fisheries collapse _) Biodiversity loss, food security
% Enhanced sea level rise _) Coastal infrastructure loss

Sources: National security assessment on global biodiversity loss, ecosystem collapse and national security (link); Nordic Council of Ministers (link) License CC BY 4.0; The Global
Tipping Points Report 2025. University of Exeter, Exeter, U.K. ©The Global Tipping Points Report 2025, University of Exeter, UK (link)

The Nordic Council of Minister actionable recommendations™ are:
+ Extend maximum efforts to prevent collapse by reducing emissions and avoiding further global warming
« Invest in early warning systems to know the speed of change for AMOC collapse

« Plan for multiple futures given deep uncertainty of the problem (e.g. come up with plausible scenarios for planning
eXercises)

« Act now by treating AMOC collapse as a real and significant risk
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The U.K. government has taken similar steps. A government report on the state of nature and biodiversity loss released in
January 2026 highlights the far-reaching effects of ecological tipping points and impact on national security interests.»i
Separately, the U.K. government set up an Advanced Research and Invention Agency (ARIA) in 2022 to advance scientific
innovation and entrepreneurship in critical areas. The agency has a 56.8 million-pound program to support climate
intervention technologies to cool the planet (e.g., SRM, thickening Arctic Sea ice, cloud brightening). ARIA has awarded
22 physical and social science projects since 2025,

Australia has a consortium of universities working with the government to protect the Great Barrier Reef (the World’s
largest coral reef system).**i" One of its project areas is development of technologies to cool and shade the waters and
corals to avoid regional bleaching events when marine heatwaves occur.

The United States has had a multi-year science-led program since 2020 to study the Earth’s radiation budget, supporting
broad physical science that is the basis for SRM, detecting SRM activities and understanding its potential impacts.**

Japan recently launched a moonshot goal to develop typhoon and extreme rainfall weather control and modification
technologies* to reduce the financial and social impacts of extreme weather. In public releases they noted the need to
handle nonlinear climate change.”" This program has milestones of demonstrating feasibility computationally by 2030,
with operational technologies by 2050.

Some governments across Europe are treating tipping points as national security risks, releasing their scientific
assessments and developing action plans to address these risks. Other governments have developed targeted climate
intervention research and development programs, sometimes with stated societal outcome goals. These initiatives
expand beyond more traditional decarbonization and adaptation agendas. Government funding and moonshot goals
will deliver better understanding of climate intervention science and technology. This could lead to policy frameworks
to enable their deployment and market formation to respond to tipping-point risks, or may result in evidence to
suppress further use. Either way, these programs signal curiosity and growing inquiry into this new field.

5. With so much uncertainty, what may the future look like?

The big question is when might markets reprice in a background of rising physical risks that may become nonlinear with
a tipping point? Even with a background of steady climate change drift, there are examples emerging of step-changes
in asset values relating to physical risks. Emerging examples include (@) cessation of operations before total loss of
viable climate, (b) permanent retirement of assets due to an extreme event, and (c) total geographic market exit before
bankruptcy.
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Operational Interruption

Extreme weather variability is interrupting
operati and testing fil ial hedging
strategies of ski resorts

Figure 18: Emerging step-changes in asset values related to physical risks
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@ Snowfall in the Rockies was roughly 50% below the
30-year average, delaying and limiting Vail Resorts’
openings; only 11% of Rockies terrain was open in
Dec 2025', and pass revenue fell by $8.8M for the
quarter2— testing the firm’s strategy of using pass
sales to hedge climate variability

® Adverse conditions reduced demand with visits
down 11.9% in early 2026°; similarly, a snowfall
shortfall of 28% across western resorts in the 2023-
2024 season resulted in a 9.5% drop in total visits*

® Fresh Del Monte reported the destruction of
banana and melon plantations in Guatemala
following Hurricanes Eta and lota?

® Recorded a $2.7M asset impairment charge in
2022 due to heavy rainfall and flooding in the
Philippines that damaged banana-related fixed
assets?

® Incurred a $3.4M inventory write-off in Chile
following severe rainstorms in 20212

® In 2022, Allstate stopped writing new homeowners
and condominium business in California (CA) and
Florida (FL)®

@ In 2023 Allstate's Policy-in-Force count dropped
7% across FL and CA combined. In 2024 it
dropped 5% and 21% in CA and FL, respectively®

® Despite the exits, Allstate’s total Homeowners
premiums written increased 14.6% ($1.83B) in
2024 driven by a 14.5% average rate increase®

Sources: 'MTN Jan 2026 8-K (link), 2MTN Mar 2026 10-Q (link), 3MTN Mar 2026 8-K (link), “MTN Sept 2024 10-K (link), 2 FDM 10-K FY2022 (link), 3 ALL 10-K FY2024 (link); * ALL
10-K FY2023 (link)

The examples above reflect the physical risk for illiquid real assets with direct exposure to changes in climate and
extreme weather already being repriced (e.g., ski resorts, agriculture, residential property). It remains to be seen how
tipping point analysis may enter into other asset classes.

As a thought experiment, climate tipping points are uncertain tail risks, representing the most extreme downside risk. As
such, they are less likely to affect equity capital as prices are driven by upside risk (unless investing in climate intervention
technology). One cannot make changes based on potential tipping points until they happen, and even then, assume they
will be slow to fully materialize. Given that debt capital prices are driven by downside risk, exposures to tipping points
may show in this market first after illiquid real assets.

Figure 19: How will climate tipping points materialize in the market?

Debt Capital
 —

— $

Equity Capital

® Potentially unlimited upside @ Limited upside

@ Risk tolerant investors ® Risk adverse investors

® Prices driven more by upside risk ® Prices driven more by downside risk

® Risk from climate tipping points may not be reflected in equity markets as equity performance is generally driven by upside potential rather than
future losses

® Example of default protection costs and share price rising in tandem for the same company shows how equity capital prices can rise even in the midst
of rising risks of debt capital default

Source: J.P. Morgan

Equity and debt can react differently to the same (climate) downside signal. An increase in default risk may widen
credit spreads and reduce debt values and durations, even as equity investors look through near term stress toward
restructuring options, asset repositioning, or growth driven by innovation and spending for resilience to downside
risks. This divergence is compounded by the different investment horizons, as risk increases debt is underwritten for
shorter periods at a time, while equity investors may take longer term views and wait longer for a target IRR. As climate
tipping point tail risks become more salient with ongoing greenhouse gas accumulation, this may drive sharper climate
divergence in markets: For exposed sectors, investors may demand more compensation to hold debt while selectively
supporting equities where there is a credible pathway to reinvention under new climate conditions, adaptation and
resilience, or upside from climate solutions.
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Deeply uncertain tail risks aren’t static: as science advances, probabhility estimates, impact ranges and plausible failure
modes can shift materially. In the context of climate tipping points, this matters because better knowledge can(l) enable
earlier warning indicators and (2) narrow uncertainty. But critically, only if organizations continuously refresh risk
assessments and convert updated information into exposure-reducing decisions, not just discussion.

A useful analogy comes from engineering risk management. The Fukushima Daiichi nuclear power plant was designed
in the 1960s and 1970s using the best available evidence at the time, including learnings from the 1960 Chile tsunami.
Those assumptions informed key protective choices such as building above sea level and installing seawater pumps to
manage potential water intrusion. Decades later, in the 1990s, improved seismological research increased the assessed
likelihood of a much larger tsunami—one capable of overwhelming the plant’s defenses. That evolving risk picture
prompted discussions of heightened exposure, but the site was not materially upgraded to reflect the new probabilities
and tail-risk scenario i

Figure 20: Fukushima Daiichi: Design and information before the 2011 Tsunami
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Onagawa 13 148 14 148 14.8 at Daiichi. Despite this, Tepco and government
Fukushima 10 (Units 1-4) ) regulators, including NISA, took little action—
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Source: JAEE (Link), World Nuclear Association (Link), National Academies (Link)

Not wanting to end on a disaster, there are examples of very rapid technological shifts to address societal challenges—
ones where the science advances and they are rapidly deployed. These “technological tipping points” can be found
in modern medical advancements. The best X-plot example is the introduction of penicillin in the 1940s. While broad
measures of human health were increasing with medical advancement, the introduction of penicillin rapidly improved
life expectancy and reduced the standard deviation of death age. Mortality rates plummeted across penicillin-sensitive
diseases.
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Figure 21: Introduction of penicillin in the 1940s

MORTALITY RATES PENICILLIN- MORTALITY RATES OF PENICILLIN-
LIFE EXPECTANCY AND STD DEVIATION OF AGE OF DEATH SENSITIVE DISEASE INSENSITIVE DISEASES
—e—Life Expectancy (LHS) = —m— Standard Deviation of Death Age (RHS)
70 10 10
30
65 8 8
28 :
o o
o (=3
< <
&0 T 6 T
26 g g
2 2
o o
2 2 4
55 T 4 =
# § ]
= =
50 22 2 2
45 20 0 0
N 8 ] S 25 B 3 y 8 8 ¢ 958 8 I 8 8 ¢ 958 8
e e e e e e @ e e @ 2 2 222 2 e @ 2 ¢ 222 @2

The |nltrcduct|on of penicillin in 1947 had a significant impact on @ The changs in mortality rates post-1947 wers likely directly
mortality rates

attributable to the introduction of penicillin
o Life expectancies climbed dramatically, rising around 10

years in the span from 1940-1950 ® For diseases that were treatable by penicillin, mortality rates

dropped rapidly
® The standard deviation of the age of death dropped as more

® F i that t treatabl icilli rtalit;
deaths clustered around older ages; less early age deaths Digiseases ‘a persinotteabiclbyipenilinmonality
. o rates were not impacted
resulted in a lower standard deviation of age at death

Source: Marcella Alsan, Vincenzo Atella, Jay Bhattacharya, Valentina Conti, Ivan Mejia-Guevara, Grant Miller; Technological

Progress and Health Convergence: The Case of Penicillin in Postwar Italy. Demography 1 August 2021; 58 (4): 1473-1498. doi: https://doi.
0rg/10.1215/00703370-9368970

Philanthropy, governments and venture capital are backing climate-intervention efforts aimed at developing moonshot
technologies that could help avert the worst outcomes. The strategic logic is to build an option set if mainstream
decarbonization falls short. In particular, these bets are positioned as a hedge against climate tipping points materializing
earlier than current scientific assessments anticipate (outlined in Section 1).

IEUGEVEY

Tipping point risk is likely to be repriced in step-changes, either as scientific evidence lowers uncertainty or as events
reveal the quantifiable risk directly. Repricing may show up first in illiquid, climate-exposed real assets; market
history suggests credit can move ahead of equities unless there is a clear offsetting upside narrative (for example,
from climate-intervention technologies). The practical implication is to refresh tail-risk analysis regularly as science
evolves and inputs to risk calculations change, while still treating deep uncertainty with the appropriate decision
framework rather than forcing false precision in more routine analysis.

Figure 22: Summarizing climate tipping point takeaways
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DEEP UNCERTAINTY the cascade of impacts. This makes them difficult to fit into traditional
REQUIRES DIFFERENT  models. Organizations can take steps to prepare by using tools designed
DECISION TOOLS for deep uncertainty (e.g., those that explore how emerging scientific

insights could reshape risk landscapes)

Source: J.P. Morgan
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https://www.spencerstuart.com/-/media/2025/10/5sbi2025/2025-us-board-index.pdf

Active U.S. Equity Fund managers have a tenure of 4.8-8.5 years. Morningstar Active Equity Benchmarking Report, August 2024.
https://www.jpmorgan.com/insights/sustainability/climate/homeowners-insurance-future
https://www.jpmorgan.com/insights/sustainability/climate/unlocking-resilience-through-climate-adaptation
https://www.jpmorgan.com/insights/sustainability/climate/unlocking-resilience-through-climate-adaptation

They are like a chair tipped on its back legs, but in balance. An additional push can make it go crashing to the floor.
https://wmo.int/news/media-centre/wmo-confirms-2025-was-one-of-warmest-years-record

The Atlantic Meridional Overturning Circulation (AMOC) refers to the ocean current that brings warm water from the equator up to the North Atlantic.
This current critically warms Europe to temperatures above similar high-latitude locations in Canada. Its shutdown would dramatically change the
climate of Europe (colder and dryer) and increase sea levels along the coast of the U.S.

https://doi.org/10.1002/wcc.70049
https://oceanservice.noaa.gov/facts/coral_bleach.htmi
https://coralreefwatch.noaa.gov/satellite/research/coral_bleaching_report.php

El Niflos occur when Pacific Ocean temperatures along the equator near Peru are higher than normal, leading to a release of ocean heat into the
atmosphere. This regional phenomenon shifts global weather patterns and increases global temperatures above average conditions as heat is
released. Shallow water coral reefs are vulnerable to these shifts in surface ocean temperatures, leading to bleaching events when temperatures
increase above their productive temperature zone. This leads to “bleaching,” where corals expel the algae living symbiotically with the exoskeleton
(the hard parts), losing their color and turning a bleached white. When temperatures cool off, the algae can return. However, if they don’t due to
prolonged hleaching or reduced health of the coral as it starves without the algae, the corals die permanently. During the last bleaching event in
the Florida Reef Tract, staghorn and Elkhorn corals, already weakened by white band disease, did not recover, becoming functionally extinct. < DOI:
10.1126/science.adx7825>

Heron, S., Maynard, J., van Hooidonk, R. et al. Warming Trends and Bleaching Stress of the World’s Coral Reefs 1985-2012. Sci Rep 6, 38402 (2016).
https://doi.org/10.1038/srep38402

We'll know more by June if it develops over 2026. Historically, prediction skill for these events grows in the spring, with skill before June being lowest.
https://www.epa.gov/coral-reefs/basic-information-about-coral-reefs

DOI: 10.1126/science.adx7825

https://www.jpmorgan.com/insights/sustainability/climate/unlocking-resilience-through-climate-adaptation
https://www.nationalacademies.org/projects/DELS-DELS-23-01

Abrupt changes in the Earth System are evident in ancient paleoclimate (100s of years+) records. Emerging research back in the 1980s suggested
these changes could be sudden rather than gradual in Earth’s past. https://www.nature.com/articles/328123a0

https://www.jpmorgan.com/insights/sustainability/climate/future-proofing-ports

Sources: UN environment program: “Bridging Climate and Credit Risk” (link); global survey conducted by the United Nations Environment Program
Finance Initiative (UNEP FI) and Global Credit Data (GCD), which involved 32 banks from five regions.

https://www.jpmorgan.com/insights/sustainability/climate/unlocking-resilience-through-climate-adaptation

Led by Professor Tim Lenton from the University of Exeter’s Global Systems Institute with the support of more than 160 authors from over 87
institutions in 23 countries as of March 2026. https://www.wcrp-climate.org/slc-activities/tpa

https://www.wcrp-climate.org/slc-activities/tpa

Anecdotally, this Climate Intuition paper was written after a spike in questions from clients after the last Global Tipping Points Group assessment was
released in December 2025.

These shifts in science and application can happen abruptly. For example, a recent paper on sea level rise shows that 90% of coastal hazard
assessments use incorrect approximations of sea level rise over actual measurements, under-assessing the amount of sea level rise that has occurred
(and therefore exposure to coastal flood and erosion risks). Seeger, K., Minderhoud, P.S.J. Sea level much higher than assumed in most coastal hazard
assessments. Nature (2026). https://doi.org/10.1038/541586-026-10196-1.

Climate intervention has also been called “geoengineering,” with the former term being used more broadly in recent years. It refers to large-scale
manipulation of Earth’s environment to reverse climate change or its harmful effects.

Mainly carbon dioxide, CO[], but also CH4, methane, and other “super pollutant” gases with strong influences on global temperatures per molecule.
https://www.ipcc.ch/report/ar6/wg3/downloads/outreach/IPCC_AR6 WGIII_Factsheet CDR.pdf
https://unfccc.int/process-and-meetings/the-paris-agreement

Kravitz, B., Robock, A., Boucher, 0., Schmidt, H., Taylor, K.E., Stenchikov, G. and Schulz, M. (2011), The Geoengineering Model Intercomparison Project
(GeoMIP). Atmosph. Sci. Lett., 12: 162-167. https://doi.org/10.1002/asl.316

Knight, F.H. (1921), Risk, Uncertainty, and Profit (1921), https://fraser.stlouisfed.org/files/docs/publications/books/risk/riskuncertaintyprofit.pdf
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While this paper is mainly focused on SRM, we have added weather modification goals of Japan in this section due to their focus on nonlinear climate
change. There are several weather modification programs globally, mainly for enhanced precipitation for ski resorts or water supply. The Japanese
moonshot is unique, in it is focused on typhoons (known as hurricanes in North America), requiring a larger intervention than rainfall or snowfall
enhancement given the size of storms and remote locations (over the ocean).

https://www8.cao.go.jp/cstp/english/moonshot/sub8_en.html
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