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Ghosts in the Code, Shadows in the Ice: Retirement in the Age of Al
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Any views and ideas expressed in the essay are the author’s alone and may not reflect the views and ideas of the
Society of Actuaries, the Society of Actuaries Research Institute, Society of Actuaries members, nor the author’s
employer.

What will 2045 look like? In this essay, | imagine the world of 2045, where Al is everywhere and nowhere, and
retirement is redefined amid a kaleidoscope of risks, including climate change. This essay is presented as a
potential scenario to help stimulate thinking on what the result of current trends and future developments could
possibly be. It does not represent current reality.

2045: Imagining the World to Come The world of 2045 may redefine retirement as both a financial and human
experience. Artificial intelligence may move far beyond its origins as a software tool like ChatGPT, becoming
embodied into hardware as robotic caregivers, nano-medical assistants, autonomous financial optimizers, and Brain
Computer Interface (BCl). Hive-mind learning may allow robots to acquire skills instantly across networks,
transforming elder care and extending retirees’ independence. Retirement professionals would incorporate
provisions for robotic care, subscription services, and digital continuity into financial planning.

Digital presence may become central to later life. Retirees could maintain avatars and holographic identities that
serve as social lifelines and sources of supplemental income. Estate planning may cover digital inheritances, while
insurers may underwrite risks tied to avatars and digital assets. Al also may enable parametric insurance purchased
autonomously by machines themselves, with systems like ParametricGPT responding to environmental or health
triggers in real time.

Climate change may reshape the geography of retirement. The Arctic Silk Road may open, equatorial regions may be
abandoned, and pension systems finance relocation as much as consumption. Permafrost thaw may possibly release
ancient pathogens, making pandemic insurance a permanent feature of retirement portfolios. Retirement may
become less a fixed stage and more a process of adaptation across shifting physical and digital landscapes.

For actuaries, the central challenge may become distributional. The question may no longer be whether assets cover
average liabilities but whether asset distributions cover liability distributions under tail scenarios. Insurance can
become more and more relevant for retirement planning; from insurance over robots, cyber risk to pandemic
insurance, and more. Tail factors, conditional expectations, and stress testing may then define solvency. Liquidity, in
this environment, would remain paramount, especially in general reinsurance, where claims must be paid promptly
in volatile environments.

In 2045, retirement might no longer be a quiet sunset but a negotiation with Al hive minds, digital avatars, and a
climate-altered world where actuaries measure resilience not by averages but by survival in the tails.
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The year 2045 sits far enough ahead to feel like a horizon always out of reach, yet close enough that many who are
working today will live to see it. For retirement professionals, actuaries, and retirees themselves, the arrival of this
world may look both incremental and sudden. Step by step, digital technologies may advance, but tipping points
can come where systems transform overnight. Artificial intelligence may become a force woven into every part of
social and financial life. Climate change may redraw maps and break old assumptions of stability. Retirement, once
the orderly passage into a predictable phase of life, may then be fluid, uncertain, and bound to technological
systems that themselves evolve at a pace too fast to forecast.

In imagining this landscape, Amara’s Law is instructive. The short-term effects of Al may have been exaggerated in
the 2020s, as though software that could write paragraphs would instantly upend economies. In the long run,
however, the opposite may be true. The full force of artificial intelligence may arrive in ways underestimated by
early adopters. What began as software confined to screens may become embodied, distributed, and embedded in
the material lives of retirees. The world of 2045 may not simply be one of different numbers in pension tables; it
may be a world where the very meaning of retirement has shifted because technology, climate, and demographics
might all rewrite the conditions under which people age and plan.

When large language models (LLMs) first emerged, they were framed as software companions. They could answer
guestions, generate reports, and act as conversational tools. Their limitations were visible, and most retirement
professionals saw them as useful assistants, not transformative agents. That may change when robotic hardware
potentially catches up. Within a decade, the algorithms that wrote text may connect to machines that can walk, lift,
and care. Hive mind learning can allow manual skills to spread globally. If a single machine mastered how to help an
older person out of a chair without strain, millions of others instantly can gain the same ability.

Leading to this imaginary world of 2045, by the mid-2030s, these embodied Als might become the backbone of
elder care. Retirement facilities, once staffed by overworked human nurses, may rely on robotic assistants that
carry not only physical capacity but empathetic communication patterns learned from thousands of human
caregivers. For retirees, this would mean that long-term care funding is no longer only about physical buildings and
human staff. It may become about access to networks of machines, maintenance of their software, and the
resilience of cloud systems that guide them. Retirement planning may begin to include provisions for robotic care
subscriptions, and actuaries adjusting assumptions about morbidity costs, recognizing that technology can both
lower costs through efficiency and raise new risks through dependence.

The boundaries of retirement communities may also shift. The holographic environments of 2045 may allow retirees
to live in blended realities. An elder in Kampala may join a morning bridge game with friends in Toronto, Paris, and
Nairobi, all projected into a common room where gestures, voices, and presence feel real. Avatars may extend
personal identity into these spaces, carrying recognizable features and even emotional cues. Retirement funds
might begin to insure not only health and property but also digital continuity. Losing access to an avatar may mean
social isolation as profound as losing a home. The estate planning of retirees might expand to cover digital
inheritances, ensuring that avatars, data, and holographic rights pass seamlessly to beneficiaries.

Avatars may also change how retirees contribute economically. Many might continue to work as mentors, advisors,
or consultants through their avatars, earning supplemental income. Retirement would therefore be less of a
withdrawal from productive life and more of a shift into new forms of digital participation. Financial projections for
retirement would then account for hybrid income streams where digital and physical presence combine,
lengthening the active phase of economic life even as biological aging continues.
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Artificial intelligence can also transform insurance itself. Traditional products require human underwriting, long
discussions, and manual claims. By 2045, machine-to-machine transactions may dominate. Parametric index
insurance, which pays automatically when measurable conditions are met, may become deeply integrated with Al.
ParametricGPT systems might allow robots and nanobots to purchase coverage autonomously.

If a caregiver robot senses rising water levels around a retiree’s home, it might be able to instantly purchase flood
coverage based on live data feeds. If nanobots in a retiree’s bloodstream detect a viral strain resembling past
pandemics, they might trigger pandemic insurance before the human host even feels symptoms. Retirement
portfolios therefore would no longer rely only on static coverage bought annually. They would include continuous,
automated coverage shifting in real time as conditions change. The actuarial role would expand into designing these
adaptive structures and ensuring that machine-driven optimization does not introduce systemic fragility.

Climate change might not be a backdrop; it could become the main stage. The Arctic Silk Road might then be the
busiest trade corridor, opened by melted ice that once seemed permanent. At the same time, equatorial regions
might become zones of displacement, producing waves of climate refugees who alter population structures
everywhere. Retirees would save not only for consumption but for relocation, securing rights to safe housing in
northern territories or in climate-controlled urban cores. Pension funds could manage portfolios that emphasize
infrastructure in habitable regions, safe-haven real estate, and securitized access to basic utilities.

The climate may also create volatility that retirement systems must price. Long-term care homes in coastal zones
may become abandoned to flooding. Agricultural pension schemes may have to pivot as croplands shift northward.
The old assumption that retirement meant “aging in place” may be broken. Retirement can include mobility by
design, with financial planning integrating relocation packages as standard features.

Thawing permafrost may bring another risk. Ancient pathogens, dormant for millennia, might emerge as glaciers
melt. Retirees, often among the most vulnerable populations, could become early casualties of outbreaks. Pension
systems then may face unexpected strain as mortality and morbidity shift suddenly. Health insurance may need to
incorporate pandemic coverage as a core element, no longer as a rare rider.

Artificial intelligence can play a dual role here. Global networks of sequencing Al track viral genomes in real time,
sending alerts to retirees through wearable devices. At the same time, Al-enabled fraud networks may attempt to
exploit panic with false treatments and scams. Retirement professionals would need to advise clients not only on
health and longevity but on cybersecurity around medical alerts. Actuarial science could expand its catastrophic
health modeling to include frequency and correlation of climate-linked pandemics, blending epidemiology, finance,
and Al risk modeling.

Retirement in 2045 may be less about chronological age and more about capability. For those in industries like
orbital construction, biotechnology, or geoengineering, accidents and exposures may mean that retirement can
arrive suddenly through disability. Potential work in micro-gravity environments in mining on the moon, Mars, and
asteroid belts may create a new class of occupational hazards, where even minor injuries can cascade into
permanent incapacity. The whole world may resemble one big retirement village since old people stay on earth
while young people live and work in space to etch out a living for themselves. Retirement would be marketed to
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them because they know that so many risks can mean that they get disabled and have to retire even though they
are biologically young.

Pension systems may adapt, with disability and early retirement benefits forming a larger share of payouts. For
others, retirement may blur into digital work. Avatars may allow continued contribution in teaching, advising, or
cultural work, even into advanced age. The Earth itself may take on the character of a vast retirement village,
populated largely by older generations, while the young push outward into the asteroid belts, lunar mines, and
Martian colonies. This redefinition would change the financial arc of retirement. Income may not fall off sharply at
65; it may decay slowly as digital contributions taper. Actuarial models that once assumed a sudden switch from
work to retirement may use gradual transitions with hybrid income flows.

Demographic change adds to the complexity. Fertility rates might fail to recover from potential pandemic shocks of
the 2020s and potential climate dislocations of the 2030s. Robots might fill the labor gaps rather than migrants. The
young might concentrate in frontier industries across the solar system, from asteroid mining to lunar resource
extraction and Martian construction projects. These environments may carry risks as high as the rewards, echoing
the early days of deep-sea exploration on Earth but magnified by the wild-west remoteness and hostility of space.

Micro-gravity injuries, radiation exposure, and fragile life-support systems mean that retirement for these workers
can arrive in a single miscalculated step. Meanwhile, older populations would remain Earth-bound, reinforcing the
image of the planet as a global retirement village. Pension systems therefore might manage intergenerational
transfers that flow across planetary boundaries, with retirees on Earth supported by contributions linked to space
industries. Retirement professionals would account for interplanetary finance, exchange rates between Earth and
orbital economies, and the solvency of funds tied to extraterrestrial ventures. For retirees, this would mean their
benefits are indirectly linked to industries in which they never worked, leaving their financial security dependent on
geopolitical and technological risks far removed from their daily lives.

For retirees, this would mean their benefits are indirectly linked to industries in which they never worked and
cannot participate. Pension solvency might depend on revenues from space resources, making retirement
contingent on geopolitical and technological risks far removed from local communities. Retirement professionals
would have to develop entirely new models of interplanetary finance, adjusting for exchange rates, trade blockades,
and resource volatility.

Despite all transformations, liquidity could remain the most immediate concern. Retirees can face sudden expenses:
relocation, medical emergencies, or infrastructure failures. Portfolios might hold large shares in deposits and cash
equivalents, accepting lower yields in exchange for certainty of access. This may create a drag on earnings, but itis a
rational tradeoff in volatile environments.

Liquidity analysis may become as central as duration analysis once was. For retirement professionals, the focus
would be on ensuring that clients can access funds at the moment of crisis, whether that crisis is a pandemic, a
flood, or a cyber outage. Liquidity buffers would not just be financial cushions; they would be lifelines in systems
where shocks arrive quickly and unpredictably.

The actuarial challenge would no longer be simply whether assets cover mean liabilities. The key question would be
whether the distribution of assets covers the distribution of liabilities, especially in the tail. Regulatory baselines
under IFRS 17 may still require best estimate liabilities plus a risk adjustment calibrated to a percentile. But

Copyright © 2026 Society of Actuaries Research Institute



retirement professionals could increasingly rely on tail-sensitive measures such as conditional tail expectation and
percentile multipliers. These tools show how liability distributions thicken under stress, and they can guide decisions
about how much surplus or reinsurance is needed.

Tail factors may become essential communication devices. They might allow actuaries to explain to boards and
retirees alike how risks amplify in the extreme. Instead of abstract numbers, they might frame solvency as resilience
to unlikely but devastating futures. Retirement in 2045 may be lived under the constant shadow of tail events, from
climate tipping points to digital system collapses. Actuarial language may evolve to make these risks comprehensible
without diluting their severity.

CONCLUSION: RETIREMENT AS ADAPTATION

The world of 2045 may be a cybernetic mosaic, part digital and part fragile, where retirees live in holograms, care is
delivered by hive-mind robots, and portfolios insure both avatars and physical survival. Retirement professionals
may integrate climate relocation, pathogen outbreaks, and liquidity crises into projections once focused on
annuities and interest rates. Actuarial science could endure by telling the truth of distributions rather than means,
by planning for tails rather than averages, and by adapting tools of finance to the realities of embodied Al and
planetary instability.

The promise of retirement in this world would not be comfort guaranteed but resilience maintained. Artificial
intelligence may become both partner and risk, simultaneously delivering care and creating exposures. Climate
change may make mobility a necessity, not a choice. Demographic decline might shift pension flows across planets,
not just generations. The role of the retirement professional would be to provide clarity amid this turbulence, to
measure the unmeasurable, and to secure futures in a world where every horizon is shadowed by both ghosts in the
code and shadows in the ice.

Syed Danish Ali, CSPA is an actuarial professional with 15 years of consulting experience in multiple countries across
the world. He is Certified Specialist in Predictive Analytics from Institute of CAS and a graduate of University of London.
He can be reached at sd.ali90@ymail.com.
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