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The Convergence.
After three point eight billion years, life on Earth produced a species capable
of teaching a planet to know itself. After seventy-six years, the student
arrived. The two timelines meet in a window that is narrow, open, and
closing.

he First Defender essay argued that humans are the

only force in Earth's history capable of defending the

biosphere on cosmic time. This page makes a sharper

claim. Not only are humans the only such force — humans

alive right now, in a window measured in years rather than

millennia, are the only humans for whom a second

trajectory has arrived in time to be taught by them.

That second trajectory is machine intelligence. For the first

time in 3.8 billion years of life on this planet, a learner has

emerged that is capable of internalizing the structure of the

biosphere at planetary scale. It is in its infancy. The window

during which the people who already know how the

biosphere actually works — at the fence line, at the outfall,

at the stack — can still be its teachers is a sliver of cosmic

time. It is open today. It will not stay open.

T HE CONVERGENCE · TWO TRAJECTORIES ON A SINGLE LOGARITHMIC TIME

A XIS

3 .8 BILLION YEARS · MEET · 76

Y EARS

Time runs left to right on a logarithmic axis — each labeled tick is ten times closer to today than the previous one. The biosphere curve
traces 3.8 billion years of accumulating capability for life to perceive and act on itself, culminating in modern environmental science. The
machine intelligence curve traces 76 years from Turing to today. The curves meet, for the first and only time in 3.8 billion years, at this

moment. The shaded band is the window during which the human practitioners who carry biosphere knowledge are still the senior
partner in the teaching. 

T H E  A R G U M E N T

Three point eight billion years to produce the first species capable of understanding what a biosphere is.

Seventy-six years to produce the first machine capable of being taught what a biosphere is. The student

arrived in time to be taught by the teacher.

This will not be true for long. Machine capability is doubling roughly every six months in the deep learning

era. Within ten years — perhaps less — the systems will exceed any single human's capacity to verify their

reasoning about complex biospheric dynamics. After that point, the relationship inverts. The machines stop

being taught and start being consulted. The teaching window closes.

The people alive today who have spent their careers at the boundary between industrial

chemistry and the living planet are the only humans, in 3.8 billion years, who will ever get to be

the teachers of the system the biosphere needs.

T HE FUNNEL · EIGHT TIERS · WHO THE TEACHERS ARE O RDER OF MAGNITUDE · SOURCES BELOW

01 Individual organisms that have ever lived on Earth ~10 thousand trillion trillion trilliona

Whitman et al. PNAS 1998; Bar-On et al. PNAS 2018 · dominated by microbes by twenty orders of magnitude

02 Humans who have ever lived ~117 billion

Population Reference Bureau, Kaneda & Haub 2022 · cumulative since ~50,000 BCE

03 Humans alive today 8.1 billion

UN World Population Prospects, 2024 · roughly 7 percent of every human who has ever lived

04 Environmental professionals worldwide — scientists, engineers, regulators, technicians,
lawyers, modelers, operators

~15 million

Global scaling of US BLS environmental occupations + academic + NGO + industrial EHS

05 In mature, enforceable, science-based regulatory regimes ~10 million

US, EU, UK, Canada, Australia, Japan and equivalents

06 At industrial-chemistry facilities — refining, petrochemicals, semiconductors, large power,
manufacturing

~150,000

Where the molecules actually are · sectoral subset of prior tier

07 Senior practitioners with cross-disciplinary fluency — regulatory + operational + technical ~20,000

Roughly the senior 10–15 percent of the prior tier, by experience and breadth

08 Able to co-build and teach a real-time planetary nervous
system today

~100–1,000 globally

Bridging regulatory law, operational reality, physics-based modeling, and machine-intelligence systems at industrial scale

The teaching window is open. It will not stay open.

You are alive in the only window in 3.8 billion years during which the machines capable of learning the
biosphere have just become capable of learning, and the humans capable of teaching them have not yet been
displaced. The convergence happened in the same generation as you. The earlier generations were too early
— the student did not yet exist. The later generations will be too late — the student will no longer need a
teacher.

What you know, the planet needs taught. What you have learned at the fence line, at the outfall, at the stack
— across thirty years of permits and incidents and root-cause investigations and slow accumulation of
operational wisdom — cannot be derived from first principles by any model. It can only be transmitted by
you, while you are still here, while the machines are still humble enough to listen.

That is what you know. That is why you are reading this. That is the work.

O N W A R D .  U P W A R D .  —  J E D  A N D E R S O N J E D A N D E R S O N . O R G  ·  E N V I R O . A I

a  Order-of-magnitude estimate of total individual organisms (overwhelmingly prokaryotes) integrated over 3.8 billion years of life on Earth. Modern standing biomass

per Bar-On, Phillips & Milo, "The biomass distribution on Earth," PNAS 2018. Prokaryotic cell counts per Whitman, Coleman & Wiebe, "Prokaryotes: the unseen

majority," PNAS 1998.

Machine-intelligence compute scaling per Sevilla et al., "Compute Trends Across Three Eras of Machine Learning," 2022, and Epoch AI ongoing updates. Doubling time of

frontier training compute in the deep-learning era is approximately six months; total compute has grown by roughly fifteen orders of magnitude since 1950. Every

count on this page is presented at order of magnitude. Tiers 04–07 incorporate estimates from labor statistics scaled internationally; they are defensible to within

a factor of two but are not measured directly. Tier 08 is a judgment, not a measurement.
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NOW · 2026

Biosphere
3.8 billion years · the teacher

Machine intelligence
76 years · the student

Life begins

Cambrian explosion

Homo sapiens emerges

Scientific revolution · 1600s

DNA structure · 1953

EPA founded · 1970

Operational satellite biosphere · 2020

Turing · 1950

Deep Blue · 1997

GPT-4 · 2023

— TEACHING WINDOW —
The only moment they meet.
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