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A Repeating Template for Identifying Unmonitored Global Systems Before They Cross
Irreversible Thresholds

Robert Thomas Fair Jr. | May 2026

The Pattern Behind the Papers

This framework paper precedes five case study papers and one policy paper in the Fair
Framework series. Its purpose is to name and formalize the diagnostic lens that
generated every paper in this collection — a lens that emerged not from academic
literature review but from first-principles observation of a repeating structural failure in

global governance.

The failure is this: humanity is acting on planetary-scale shared systems — food supply,
electromagnetic environment, ocean acoustics, global microbiome, orbital space,
freshwater aquifers — at a scale and pace that demands aggregate oversight. What exists
instead is siloed, project-by-project analysis that is constitutionally incapable of seeing
cumulative systemic effects. The gaps between disciplines are institutionally unmanned.

And in those unmanned gaps, civilization-scale risks are accumulating invisibly.

The Fair Framework is a five-step diagnostic that makes those gaps visible — and

proposes the minimum viable institutional architecture to address them.

The Five Steps of the Fair Framework

Identify the System

Name a planetary-scale commons — a shared system whose properties affect
all life and whose integrity cannot be guaranteed by any single nation,
institution, or discipline acting alone. Not a local problem. A commons.

Map the Chokehold



Identify the small number of actors — corporations, national programs, or
siloed institutions — exerting disproportionate influence over that system with
no aggregate accountability. Who controls the inputs? Who benefits from the
absence of oversight?

Expose the Governance Vacuum

Show that no single body sees the whole board. Document the fragmented
patchwork of voluntary guidelines, national regulations, and domain-specific
bodies that each monitor their piece — and collectively miss the system. Name
the unmanned gap.

Name the Cascading Risk

Demonstrate that because no one sees the whole, cumulative effects
compound invisibly until a threshold is crossed — at which point course
correction becomes either very expensive or impossible. Quantify the risk
where data exists. Where it doesn't, name the data gap itself as the risk.

Propose Lean Institutional Architecture

Not a massive new bureaucracy. A monitoring body, an assessment protocol,
and a synthesis mandate. Enough to see the system before trying to fix it. The
minimum viable institutional response — designed to be politically achievable
and scientifically sufficient.

The Siloed Investigation Problem

A consistent pattern emerges across every domain examined in this series: phenomena
that are visible and meaningful at the systems level are systematically invisible at the
project level. Each program conducts its own environmental review. Each scientific
discipline monitors its own domain. The gaps between disciplines — where cumulative

systemic effects would be visible — are institutionally unmanned.

This is not negligence by any individual institution. It is a structural failure of

institutional design. Scientific governance was architected around discrete projects and



national programs at a time when humanity's aggregate footprint on planetary systems

was small enough that siloed analysis was sufficient. That era is over.

"The data to begin building such understanding exists, distributed across
disciplines. What does not exist is the institutional will to look at the whole board.”

The Fair Framework is a method for looking at the whole board — one planetary system

at a time — until a meta-institution exists that can look at all of them simultaneously.

The Precautionary Architecture Principle

Every paper in this series applies the same institutional standard: the precautionary
principle, properly understood, does not demand the cessation of human activity in
these systems. It demands monitoring, synthesis, and the capacity for course correction

before thresholds are crossed.

The three-part institutional response proposed in each paper follows the same

architecture:

» A Monitoring Body: A mandated, multi-station, internationally coordinated body for

continuous baseline measurement of the system in question.

» A Cumulative Impact Assessment Protocol: A new class of environmental review
that explicitly models an intervention's contribution to the cumulative planetary
budget of the system — not just its local or project-level effects.

» A Cross-Domain Synthesis Mandate: A formal, periodic requirement for cross-
disciplinary synthesis — aggregating findings across siloed domains into a unified
assessment of the system's state and trend over time.

These three elements — monitoring, assessment, synthesis — are the minimum viable
architecture for planetary stewardship. They do not require dismantling existing

institutions. They require filling the gaps between them.



The Systems That Apply This Framework

Global Food
Supply

Electromagnetic
Environment

Ocean Acoustic
Commons

Global
Microbiome

Near-Earth
Orbital Space

Freshwater
Aquifer Systems

4 corps control 56% of
global seed supply

lonospheric programs, deep

drilling, nuclear testing

Shipping, sonar, seismic
arrays — each permitted in
isolation

Pesticides, antibiotics,
industrial chemicals — no
cross-domain tracking

Mega-constellations, ASAT
tests, 36,000+ tracked
objects

Agricultural extraction,
industrial contamination,
national-only governance

A Note on Authorship

No binding international
body from seed to table

No cumulative
electromagnetic impact
assessment exists

No global aggregate
acoustic monitoring or
cap

No regulatory body
evaluates microbiome
impact across sectors

Only non-binding
guidelines; UNCOPUOS
cannot enforce

21 of 37 largest aquifers
depleting faster than
recharge; no global body

Robert Thomas Fair Jr. is the nephew of Bill Fair — co-founder of FICO, the global credit
scoring system that transformed how financial risk is measured, standardized, and

governed across borders. The intellectual inheritance is not coincidental.

FICO did not eliminate financial risk. It made risk visible, measurable, and therefore
manageable at scale. The Fair Framework applies the same instinct to planetary
systems: not to eliminate human activity within them, but to make cumulative risk

visible, measurable, and therefore subject to rational governance before it compounds



beyond correction.

"You cannot manage what you cannot measure. You cannot measure what no
institution is mandated to see."
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Executive Summary

The global food supply operates without a single binding international authority
capable of enforcing consistent standards from seed to table. What exists is a
fragmented patchwork of voluntary guidelines, national regulations, and trade
agreements routinely captured by the same corporate interests they are meant to

govern.

The result is a self-reinforcing loop: a handful of agrochemical conglomerates control
the genetic foundation of the world's crops; no unified standard governs how those
crops are stored, chemically treated, transported, or packaged; dietary guidelines meant
to steer public health are written under industry influence; fast food proliferates without
regard to community health metrics; and chronic disease rises while political will

collapses under lobbying pressure.

America is already fixing its own food supply through MAHA. The GFSOB makes
that standard the world's standard.”

The Seed Oligopoly

CORPORATE CONCENTRATION

Four multinational corporations — Bayer, Corteva, Syngenta (owned by ChemcChina),
and BASF — control 56% of the global commercial seed market and 61% of the global
pesticide market (ETC Group / GRAIN, 2025). Bayer alone accounts for 23% of global
seed market share. Three of them own 95% of U.S. patents for GM corn, 78% for GM

soybeans, and 93% for GM canola issued between 1976 and 2021.

GENETIC CONDITION AT DISTRIBUTION

» Hybrid (F1) varieties — cannot reproduce true-to-type; farmers must repurchase

annually.



» GMOs — patent-restricted; seed saving legally prohibited, binding farmers to

corporate distributors in perpetuity.

» Chemically pre-treated — coated with neonicotinoids before distribution; chemical
inputs enter the food chain before the seed enters the ground.

@ KEY FINDING

The UN FAO estimates 75% of crop genetic diversity was lost between 1900 and 2000
due to industrial seed consolidation. 21st-century monoculture dependency leaves the

global food system one major pathogen or climate event from catastrophic failure.

The Unstandardized Chain

No single international body has binding authority over the agricultural supply chain
from post-harvest handling through consumer delivery. Codex Alimentarius is voluntary.
The WTO SPS Agreement is a trade instrument, not a public health instrument.
WHO/FAO pesticide residue limits vary wildly between jurisdictions. A chemical banned
in the EU may be legal at origin and destination simultaneously. The result: a seed
chemically treated in lowa enters a supply chain governed by completely different rules
in Brazil, Germany, and Nigeria. No global chain of custody. No binding traceability. No

accountability.

The Corrupted Food Pyramid — and Its Correction

For most of the Dietary Guidelines' 45-year history, they were shaped by food industry
interests. At least 9 of 20 prior Advisory Committee members held financial conflicts of
interest with food companies. The 2025-2030 Dietary Guidelines — issued by HHS
Secretary Kennedy and USDA Secretary Rollins on January 7, 2026 — are the first in
history to explicitly name highly processed foods as a category to avoid. Kennedy: "For
decades, the Dietary Guidelines favored corporate interests over common sense. That ends

today. Eat real food." The domestic reset is underway. The international correction must



follow.

Fast Food Density and Community Health

A 2025 systematic review of 55 studies found fast food outlet density positively
associated with diabetes (14/24 associations), cardiovascular disease (14/27), and
chronic disease mortality (5/6). The GFSOB's proposed Community Health Density Index
(CHDI) ties enforceable fast food outlet caps to a composite community health score —
obesity rates, diabetes prevalence, cardiovascular mortality, and fresh food access.
Communities that improve their score earn permits. Communities that worsen it face a

freeze.

The GFSOB: Five Core Pillars

Seed
Sovereignty

Supply Chain
Integrity

Independent
Dietary Policy

Community
Health Density
Index

Environmental
& Strategic
Compliance

Mandatory genetic disclosure; binding market concentration
limits; prohibition on anti-seed-saving contracts; public seed
bank mandates; adversarial-nation seed control treated as
strategic disqualifier.

Binding post-harvest chemical disclosure; cold-chain
certification; chain-of-custody documentation; real-time public
traceability database modeled on FDA GRAS reform.

Zero industry funding in guideline processes; international
evidence review board; "eat real food" standard as binding
international baseline.

Binding CHDI scoring system determining enforceable fast food
outlet caps at city, county, and regional levels; permits tied to
real-time public health data.

Chemical registration requiring non-persistence proof;
biodiversity assessments; full supply chain carbon accounting;
adversarial-nation influence treated as national security



disqualifier.

"The MAHA Commission proved Americans want this. The Greenland Framework
proved the execution model works. The GFSOB is the deal that makes both count
globally.”
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The Unmonitored System:
Earth's Planetary Electromagnetic
Environment

A Governance Vacuum in the Schumann Resonance Cavity and Cumulative Human



Electromagnetic Intervention

Robert Thomas Fair Jr. | May 2026

The Governance Vacuum

Earth's electromagnetic environment — particularly the Schumann resonance system —
represents a planetary baseline measurably sensitive to a wide range of human
activities. These activities, which include deep subsurface drilling, ionospheric
modification programs, and large-scale underground particle physics experiments, are
each individually assessed for localized impact but are never evaluated in aggregate. No
international body, regulatory framework, or monitoring protocol currently exists to

assess cumulative human effects on Earth's electromagnetic systems.

The System: Earth's Electromagnetic Resonance Cavity

The Schumann resonance — the extremely low frequency (ELF) electromagnetic
resonance existing within the cavity between Earth's surface and its ionosphere — has
been studied for over a century as a natural planetary phenomenon. Its fundamental
frequency of approximately 7.83 Hz serves as a measurable baseline for Earth's
electromagnetic environment. Schumann resonance parameters are demonstrably
sensitive to global lightning distribution, solar cycle activity, large-scale climate
phenomena, and seismic events. What has not been systematically studied is the
cumulative contribution of human technological activity — particularly as that activity

has scaled dramatically in the late 20th and early 21st centuries.

Categories of Human Intervention

» lonospheric Modification Programs: HAARP (Alaska), SURA (Russia), and Sanya
(China) deliberately inject high-power electromagnetic energy into the ionosphere —



the upper boundary of the Schumann resonance cavity. Their cumulative and

interactive effects on the resonance cavity as a whole have not been modeled.

Deep Subsurface Drilling: Large-scale deep drilling programs penetrate the lower
boundary of the resonance system, altering the conductivity and structural
properties of the upper crust. At aggregate global scale, cumulative modification of

crustal conductivity is an unstudied variable.

Underground Scientific Infrastructure: DUNE (South Dakota), IceCube (Antarctica),
and analogous deep underground laboratories worldwide represent a planet-
spanning infrastructure of high-energy physics operations embedded within the
Earth — not assessed for systemic interaction with planetary electromagnetic

baselines.

Underground Nuclear Testing: Over 500 underground nuclear tests were conducted
globally between 1957 and 1992. The long-term modification of crustal properties
and cumulative electromagnetic energy deposited over this period represents a
poorly characterized baseline shift in the resonance cavity's lower boundary

conditions.

@ STRUCTURAL GAP

The institutional architecture of global science and governance is organized around
discrete projects, national programs, and domain-specific regulatory bodies. No
mechanism exists to aggregate data across these intervention categories into a unified

planetary electromagnetic monitoring framework.

Proposed Institutional Architecture

Planetary Electromagnetic Baseline Observatory (PEBO): An international
monitoring body maintaining a continuous, multi-station global record of Schumann
resonance parameters and their correlates — mandated to synthesize data across

sources, not generate it from a single site.

Cumulative Electromagnetic Impact Assessment (CEIA) Protocol: A new class of

environmental assessment requiring any large-scale intervention into the




ionosphere, deep subsurface, or high-energy underground operations to model its

contribution to the cumulative planetary electromagnetic budget.

» Cross-Domain Scientific Synthesis Mandate: A formal mandate, potentially
through UNESCO, for periodic cross-domain synthesis reports aggregating findings
from ionospheric physics, geophysics, atmospheric electricity, and planetary science
into a unified assessment of Earth's electromagnetic environment and its trend over

time.

"Earth’s electromagnetic environment is a planetary commons. Humanity is acting
on this system without any mechanism for understanding the aggregate
consequences. The first step is simply to acknowledge that the experiment is
already underway.”
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The Silenced Ocean:
Cumulative Acoustic Intervention Without
Aggregate Governance

How Shipping, Military Sonar, and Seismic Surveying Are Collectively Transforming
the Ocean Acoustic Environment — With No Body Watching the Whole

Robert Thomas Fair Jr. | May 2026

A Commons Defined by Sound

The ocean is not a silent environment. It is an acoustic commons — a system in which
sound travels thousands of miles, shapes the behavior of species at every level of the
food web, and constitutes the primary medium through which marine life navigates,
communicates, hunts, and mates. Over 60% of the global oceans experienced increases
in human impacts in the five years leading up to 2015. Underwater noise pollution from
commercial shipping, military sonar, and seismic surveying has been identified as a
significant environmental issue — yet each source is permitted, studied, and regulated in
isolation. No international body tracks the cumulative acoustic budget of the global
ocean. No threshold exists beyond which aggregate acoustic intervention would trigger

review.

The System: The Ocean as Acoustic Commons

Water is an exceptional conductor of sound — far more efficient than air. Low-frequency
sounds from commercial shipping travel basin-wide distances, contributing to a general
acoustic environment that affects marine life across vast geographic areas. The ocean's
acoustic environment is not merely a backdrop. It is infrastructure. Marine species —
cetaceans, fish, sea turtles, invertebrates — have co-evolved with specific acoustic
conditions over geological timescales. The modification of those conditions at the speed

and scale of industrial civilization represents an unstudied systemic risk.



@ KEY FINDING

Seismic survey airguns operate at sound source levels of 248-255 dB re 1 pPa-m —
among the loudest human-made sounds in the ocean. A 2019 Scientific Reports study
found seismic surveys reduced cetacean sightings across entire large marine
ecosystems. All cetacean species rely on acoustic signaling for communication,

orientation, and prey location.

Categories of Acoustic Intervention

Commercial Shipping: The largest single contributor to low-frequency ocean noise
globally. Vessel traffic contributes to the general acoustic environment across very
large geographic areas at frequencies between 5 and 500 Hz — the range most
relevant to many marine species. Shipping volume has increased dramatically over
the past 50 years. No global cap or aggregate limit exists.

Military Sonar: Active sonar — particularly mid-frequency military sonar — has been
directly linked to mass cetacean strandings. NOAA's Ocean Noise Strategy
acknowledges that quantifying behavioral harassment from active sonar remains a
major data gap. Individual sonar operations are subject to national review;

cumulative global sonar exposure across all naval operations is not.

Seismic Surveying: Airguns fired aboard seismic survey vessels for oil, gas, and
carbon capture exploration produce impulsive, high-intensity sounds that propagate
across entire ocean basins. Individual surveys are assessed for localized impact on
marine mammals. Their cumulative contribution to the global ocean acoustic budget

is not tracked.

Underwater Construction and Explosions: Pile driving for offshore wind
infrastructure, unexploded ordnance clearance, and deliberate and accidental
underwater explosions add to the acoustic load. Each is assessed individually. None
contribute to a cumulative global accounting.

The Governance Vacuum




NOAA's Ocean Noise Strategy (2016-2026) represents the most comprehensive national
attempt to address ocean acoustic governance — and it explicitly acknowledges the
cumulative effects gap. Marine animals are exposed to multiple acoustic stressors
simultaneously, and there is general recognition that cumulative effects may have a
greater impact than any single stressor. Yet the institutional architecture to measure,

model, or limit cumulative acoustic exposure does not exist at the international level.

The International Maritime Organization (IMO) has issued voluntary guidelines for
reducing underwater noise from commercial shipping. They are non-binding,
inconsistently applied, and do not address military sonar or seismic surveying. No
treaty, protocol, or international body has binding authority over the global ocean

acoustic environment as a whole.

"The marine organisms on which a healthy ocean habitat depends are being
impacted by sounds in ways we are only beginning to appreciate. Multiple data
gaps exist. And the cumulative effects of multiple stressors may be far greater than
any single one.”

Cascading Risk

The consequences of unmonitored cumulative acoustic intervention extend well beyond
individual species impacts. Marine acoustic disruption cascades through food webs:
cetacean communication disruption affects hunting success; fish schooling behavior
altered by acoustic stress affects predator-prey dynamics; invertebrate larvae — which
use acoustic cues to locate settlement habitat — face altered recruitment patterns. The
ocean acoustic environment is not a passive backdrop. It is active ecological

infrastructure. Its disruption is a disruption of ecosystem function at the systems level.

Proposed Institutional Architecture

» Global Ocean Acoustic Monitoring Network (GOAMN): A coordinated international

network of passive acoustic monitoring stations — extending and formalizing



existing national efforts — charged with maintaining a continuous global baseline

record of ocean acoustic conditions across all major basins and frequency ranges.

Cumulative Ocean Acoustic Impact Assessment (COAIA) Protocol: A new class of
environmental review — analogous to existing Environmental Impact Assessments
but operating at the basin and global level — requiring any large-scale acoustic-
generating operation to model its contribution to the cumulative ocean acoustic

budget of the relevant basin.

International Ocean Acoustic Commons Treaty: A binding international
agreement, negotiated under UNCLOS authority, establishing cumulative acoustic
exposure thresholds by ocean basin, requiring member nations to count all acoustic-
generating activities within their flag-vessel operations against a shared global

budget, and mandating real-time acoustic monitoring data sharing.

"The ocean'’s acoustic environment is a planetary commons. It is being
transformed — collectively, cumulatively, and invisibly — by activities that are
each individually permitted and collectively ungoverned.”
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The Invisible Commons:
Earth's Global Microbiome Under
Unmonitored Assault

How Pesticides, Antibiotics, and Industrial Chemicals Are Collectively Destabilizing
the Microbial Foundation of All Life — With No Cross-Domain Governance

Robert Thomas Fair Jr. | May 2026

The Foundation Beneath Everything

Microbiomes — the vast communities of bacteria, fungi, viruses, and other
microorganisms that inhabit soil, ocean, the human gut, and every ecosystem on Earth
— are essential for human, animal, plant, and ecosystem health. They underpin nutrient
cycling, immune function, disease resistance, food production, and the stability of
ecosystems from the deep ocean to the human body. They are also being
simultaneously destabilized by pesticide use in agriculture, antibiotic overuse in clinical
and agricultural settings, industrial chemical contamination, and a cascading web of
interconnected disruptions — none of which are evaluated in aggregate, none of which
are subject to cross-domain governance, and none of which are tracked by any

international body with a mandate to see the system as a whole.

The System: The Global Microbiome as Planetary Infrastructure

The global microbiome is not a single system — it is a network of interconnected



microbial ecosystems that collectively perform functions essential to the stability of the
biosphere. Soil microbiomes decompose organic matter, fix nitrogen, and support plant
growth. Ocean microbiomes drive carbon cycling and oxygen production. The human
gut microbiome regulates immune function, metabolic health, and neurological
development. These systems are not isolated. They are linked — through food chains,
water cycles, atmospheric exchange, and the movement of humans and animals across
the planet. What affects the soil microbiome affects the gut microbiome. What affects
the gut microbiome affects population health. What affects ocean microbiomes affects

atmospheric chemistry. The system is one system, studied as many.

s N
@ KEY FINDING — PEER-REVIEWED 2021

A landmark paper in Frontiers in Microbiology concluded that the human gut
microbiome "may be on the verge of a catastrophic collapse"” — driven by external
perturbations and reduced acquisition of symbiotic species across generations. The
authors called explicitly for system-level approaches and identification of keystone
taxa that interconnect different microbiome domains. No such system-level

governance exists.

Categories of Cumulative Assault

» Pesticides: A 2025 University of Cambridge study examined the impact of 1,076
chemicals — including 829 pesticides — on 22 gut bacteria species and found that
168 contaminants were toxic to gut bacteria. The majority had not previously been
considered antibacterial. Popular herbicides, fungicides, flame retardants, and
plastic additives were among the most damaging. Regulators are not adequately

testing chemicals for microbiome impacts.

» Agricultural and Clinical Antibiotic Use: Agricultural antibiotic use remains poorly
regulated globally, with non-therapeutic administration for growth promotion and
prophylaxis selecting for resistant bacteria along the food chain. Environmental
reservoirs — wastewater, surface water, soil, and the gut microbiome — sustain and

disseminate antimicrobial resistance genes across microbial communities globally.

» Industrial Chemical Contamination: Pharmaceutical waste, untreated industrial



effluents, and inadequately treated hospital sewage facilitate the persistence and
horizontal gene transfer of resistance determinants among bacterial populations
worldwide. The "regulatory gap" in protecting microbiomes from mass population
toxic exposures includes: asbestos, trichloroethylene, dioxin, PCBs, triclosan, BPA,
polyfluorinated compounds, food emulsifiers, high fructose corn syrup, endocrine

disruptors, and obesogens.

» Antimicrobial Resistance (AMR): AMR is projected to cause 10 million deaths
annually by 2050 if left unaddressed. Environmental sampling, genomic monitoring
of resistance genes, and cross-sectoral data sharing under the One Health paradigm

are critical — but currently absent at the level of binding international governance.

The Governance Vacuum

Microbiome-affecting factors cross multiple regulatory domains — public health,
agriculture, environmental protection, and industrial chemicals — with no unifying
institutional mandate. The 2022 UN General Assembly resolution declared a right to a
"healthy environment, including clean air" — but no analogous framework exists for
microbial ecology. Policy on microbiome-affecting practices is fragmented across
dozens of national and international bodies, none of which evaluate cumulative cross-

domain impact on the global microbiome as a system.

Microbiome stewardship research has explicitly called for a "foundational concept that
can act across policy domains to facilitate healthy microbiomes for human and

ecosystem health." No such concept has been institutionalized.

"Microbiomes are deteriorating owing to practices at societal levels such as
pesticide use, air and water pollution, and overuse of antibiotics. Potential policy
on these issues would cross multiple domains. We need a unifying concept that can

be applied across all of them."

Proposed Institutional Architecture




>

Global Microbiome Baseline Monitoring Network (GMBMN): A coordinated
international effort — building on and synthesizing existing national microbiome
research programs — to establish continuous baseline monitoring of soil, ocean, and
human gut microbiome diversity and stability indicators across representative global

sites.

Cross-Domain Microbiome Impact Assessment (CMIA) Protocol: Any regulatory
approval of a new agricultural chemical, industrial process, or pharmaceutical
product at scale to require a cross-domain microbiome impact assessment that
explicitly models effects on soil, environmental, and human gut microbial

communities — not just localized toxicity.

International Microbiome Stewardship Framework: A binding international
framework — potentially under the WHO One Health architecture — establishing
microbiome stewardship as a cross-domain policy mandate with enforceable
standards for pesticide registration, antibiotic use regulation, and industrial effluent

management.
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The Congested Commons:
Near-Earth Orbit and the Absence of Binding
Global Governance

How Satellite Mega-Constellations, ASAT Tests, and 36,000+ Tracked Debris Objects
Are Racing Toward Kessler Syndrome — With Only Non-Binding Guidelines to Stop
Them

Robert Thomas Fair Jr. | May 2026

The Commons Above

Low Earth Orbit (LEO) is a finite commons. The shell of near-Earth orbital space through
which satellites, crewed spacecraft, and the International Space Station operate is not
infinite — it is a resource defined by specific altitude bands and the physics of orbital
mechanics. Since 1957, over 36,000 trackable objects now populate this commons. Of
these, just a few thousand are working spacecraft. The rest is debris. Private companies
have plans to launch upwards of 88,000 additional satellites within the next decade. The
existing international legal framework — built on treaties drafted before the commercial
space era — is, in the words of a 2025 peer-reviewed analysis, "obsolete." Non-binding
guidelines are the only tool. No enforcement mechanism exists. No binding treaty
governs debris creation, mega-constellation density, or ASAT testing. The race to orbit is

an uncontrolled experiment whose failure mode — Kessler Syndrome — is irreversible.

The System: Near-Earth Orbital Space as Finite Commons

Orbital space is governed by physics. Objects in specific altitude bands travel at specific

velocities; collisions between them generate debris fields that propagate and multiply.



Kessler Syndrome — the theoretical cascade in which debris density reaches a threshold

where collisions generate more debris faster than natural decay removes it, rendering

entire orbital bands permanently unusable — is not a science fiction scenario. It is the

mathematically predictable consequence of continued orbital congestion without

governance.

Vs

@ KEY FINDING

China's 2007 ASAT test deliberately destroyed a weather satellite, generating over 3,000
pieces of long-lived debris. Russia's 2021 ASAT test endangered the ISS and forced crew
to shelter. No legal action was taken in either case. The existing international
framework allocated liability to the launching state — but abandoned satellites, non-

working spacecraft, and fragmentation debris have no accountable owner.

Categories of Orbital Risk

Legacy Debris: Defunct satellites, spent rocket bodies, and fragmentation debris
from the entire history of spaceflight. Over 36,000 trackable objects; hundreds of

thousands of smaller, untrackable fragments traveling at speeds up to 17,500 mph.

Satellite Mega-Constellations: SpaceX Starlink, Amazon Kuiper, OneWeb, and
national programs have collectively launched thousands of satellites and have plans
for tens of thousands more. Individual constellation environmental reviews exist.
Cumulative orbital density impact across all constellations simultaneously is not

assessed.

ASAT Testing: Anti-satellite missile tests by China (2007), India (2019), Russia (2021),
and others deliberately create debris fields. They are individually condemned but
subject to no binding prohibition. The 1967 Outer Space Treaty does not address
ASAT testing.

Uncontrolled Reentries: Spent rocket stages and defunct satellites re-enter Earth's
atmosphere in ways that are increasingly unpredictable and occasionally dangerous.

No binding international standard for controlled deorbit exists.



The Governance Vacuum

The foundational international space law framework — the 1967 Outer Space Treaty, the

1972 Liability Convention, and the 1976 Registration Convention — was designed for an

era of state-only space programs and a handful of satellites. It uses ambiguous,

undefined terminology unsuited to the scale and character of today's challenges.

UNCOPUOS (the UN Committee on the Peaceful Uses of Outer Space) can adopt only

non-binding resolutions. The Space Debris Mitigation Guidelines developed in the 2000s

are consensus-based and voluntary. There is broad international agreement that new

governance is needed — and, as the Belfer Center concluded in December 2025,

currently no viable pathway to codify even widely accepted norms into binding

international law.

"The existing international framework is obsolete to effectively regulate activities
in outer space. There is an inherent flaw of non-binding guidelines, lack of
enforcement measures, and the absence of accountability for both governmental
and commercial entities."

Proposed Institutional Architecture

>

Binding International Space Debris Treaty: Negotiated through a formal
Conference of the Parties to the Outer Space Treaty, establishing legally binding ASAT
test prohibitions, mandatory controlled deorbit standards for all satellites above a
defined size threshold, and revenue-proportionate financial liability for debris-

generating events attributable to state or commercial actors.

Global Orbital Capacity Registry and Cap System: A mandatory international
registry — extending and strengthening the existing UN Space Object Registry — that
tracks cumulative orbital object density by altitude band and establishes binding

caps on new launches in congested bands pending debris remediation.

International Space Traffic Management Authority (ISTMA): A body with binding
authority to coordinate satellite maneuvers, mandate collision avoidance, and

enforce deorbit timelines — modeled on the International Civil Aviation Organization



(ICAQ), which successfully governs the analogous commons of global airspace.

"Near-Earth orbital space is a finite commons. Unlike the atmosphere and the
oceans, it cannot recover from Kessler Syndrome on any human timescale. The
window for governance is open now. It will not remain open indefinitely."
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The Water Beneath Everything

After polar ice, groundwater is humanity's second-largest freshwater source —
supporting nearly half of humanity and anchoring water and food security for hundreds
of millions, particularly in places with erratic rainfall. Global groundwater withdrawal
has tripled since 1960, from approximately 312 km3/year to over 1,000 km?*/year, while
global population has increased by only a factor of 2.6. The difference is not population
— it is industrial agriculture, extractive industry, and the structural absence of
governance. Currently, 21 of the world's 37 largest aquifers are being depleted faster
than they can recharge. The UN University has identified groundwater depletion as one
of six global risk tipping points humanity is fast approaching. No binding international
body governs global aquifer extraction. The extraction is assessed nationally. The system

is planetary.

The System: Global Aquifer Networks as Planetary Commons

Aquifers do not respect national borders. They underlie competing jurisdictions,
recharge across transboundary watersheds, and are contaminated by activities that
occur in different governance domains than those of their users. Over 60% of global
freshwater flows through shared river basins. Aquifer systems are even more
fundamentally transboundary — they are connected to surface water, atmospheric
moisture cycles, and coastal marine systems in ways that make national-only

governance not merely insufficient but structurally wrong.

@ KEY FINDING — 2025



A ProPublica investigation published July 2025 found that so much groundwater is now
being pumped globally that it is filling the oceans as it drains off land — becoming one
of the largest drivers of global sea level rise. Aquifer depletion is not a local water
problem. It is a planetary systems problem with measurable effects on ocean

chemistry, coastal flooding, and atmospheric circulation.

Categories of Cumulative Depletion and Contamination

» Agricultural Extraction: Agriculture accounts for approximately 70% of global
freshwater withdrawal. Irrigated agriculture — the primary driver of aquifer
depletion — is expected to increase by 30% in coming decades under current FAO
projections. The rate of decline has accelerated since 2000 in nearly three times as

many locations as would be expected by chance.

» Industrial and Extractive Industry: Oil, gas, coal, and mining industries drain and
contaminate groundwater resources at very high rates. Companies — including
documented cases of Nestlé lobbying access to public groundwater for decades —
operate under national frameworks that frequently allow aquifers to be drained

completely with no binding restoration requirement.

» Contamination: Agricultural runoff (nitrates, pesticides, herbicides), pharmaceutical
contamination, and industrial effluents enter aquifer systems under different
governance frameworks than those of the aquifer users themselves. Once
contaminated, aquifers can take decades to remediate — if remediation is possible at
all.

» Land Subsidence: As aquifers are depleted, the empty pore space causes the land
above to subside. Bangkok, Shanghai, Jakarta, and Manila — among many others —
face imminent threats to agricultural land and urban infrastructure from subsidence

caused by over-pumping. This damage is irreversible on human timescales.

The Governance Vacuum

There is no binding international framework governing global groundwater extraction or



contamination. The Global Commission on the Economics of Water has explicitly
highlighted "the absence of global instruments for freshwater management."
Transboundary aquifer governance — where it exists — consists of non-binding
frameworks and bilateral agreements that cover a small fraction of the transboundary
aquifers in use. The factors most commonly reinforcing unsustainable groundwater
management, identified in a 2025 ScienceDirect systematic review, include: "the
oversight of groundwater's global significance, institutional corruption, and insufficient

government commitment to aquifer recovery."

Managed Aquifer Recharge — the most widely available technical tool for offsetting
depletion — currently offsets less than 10% of global extraction. Not because the
technology is unavailable. Because the governance and investment incentives to deploy

it at scale do not exist.

"Preventing widespread water collapse demands an estimated $1.7 trillion
annually by 2030 for infrastructure, efficiency, and climate resilience. Water
knows no political boundaries. The governance does. That mismatch is the crisis.”

Proposed Institutional Architecture

» Global Aquifer Monitoring and Registry System (GAMRS): A binding international
registry — administered through an expanded UN Water body — requiring all nations
to report annual groundwater extraction volumes, contamination incidents, and
aquifer level trends for all major aquifer systems within their jurisdiction, using

standardized GRACE satellite and ground-truth monitoring protocols.

» Transboundary Aquifer Governance Protocol (TAGP): A binding protocol under the
UN Convention on the Law of Non-Navigational Uses of International Watercourses,
establishing mandatory joint governance frameworks for all identified
transboundary aquifer systems — including extraction quotas, contamination
liability, and mandatory managed recharge investment proportional to extraction

volume.

» Global Groundwater Security Fund: A multilateral financial instrument — modeled



on the Green Climate Fund — providing concessional financing for managed aquifer
recharge infrastructure, precision irrigation transition, and aquifer contamination
remediation in lower-income nations, funded through a per-unit extraction levy on

industrial and agricultural groundwater users above defined thresholds.

"Underground, in layers of permeable rock and sediment, sits 97% of the world's
liquid freshwater. It is being extracted, contaminated, and depleted at accelerating
rates — assessed nationally, governed not at all globally. The water beneath us is
the commons we can least afford to lose.”
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FICO did not eliminate financial risk. It made risk visible, measurable, and therefore manageable
at scale.
The Fair Framework applies the same instinct to planetary systems.
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