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Abstract

Permanent human settlements beyond Earth will require governance structures that
evolve from centralized mission command to autonomous self-governance as popu-
lations grow, communication delays increase, and economic independence emerges.
Existing frameworks for space governance - the Outer Space Treaty (1967), the Moon
Agreement (1979), and the International Space Station Intergovernmental Agree-
ment (1998) - were designed for temporary expeditions, scientific outposts, and or-
bital laboratories, not for permanent, growing polities with populations measured in
thousands. This paper proposes a four-phase Governance Evolution Model (GEM) for
off-Earth settlements: Mission Command (6-50 crew), Governed Outpost (50-500),
Self-Governing Settlement (500-10,000), and Autonomous Polity (10,000+). For each
phase, we define decision rights, authority structures, dispute resolution mechanisms,
and the relationship between the settlement and Earth-based institutions. We iden-
tify five quantitative transition triggers - population threshold, ISRU self-sufficiency
ratio, communication delay, economic independence index, and governance capacity
score - that determine when a settlement should advance to the next governance
phase. A constitutional framework is proposed that includes unamendable founda-
tional principles, a structured amendment process, explicit rights of off-Earth popula-
tions, and dissolution conditions. Institutional continuity mechanisms - overlapping
terms, distributed capability, endowment models, knowledge preservation protocols,
and Al-assisted institutional memory - address the multigenerational challenge of
maintaining governance coherence across complete personnel turnover. The model
is applied to a case study of a Venus atmospheric settlement at 50 km altitude, project-
ing a timeline from first crew arrival through autonomous polity status. We address
open challenges including transition authority disputes, Earth-settlement sovereignty
conflicts, and resource rights under existing international law. The framework has
broad applicability to any off-Earth settlement scenario including Mars, the Moon,
and free-space habitats.




1. Introduction
1.1 The Governance Gap

As space agencies and private companies plan permanent human presence beyond
Earth - lunar bases under the Artemis program [1], Mars settlement concepts from
SpaceX [2], and orbital habitats from various commercial providers [3] - a critical
gap has emerged between engineering ambition and governance preparedness. We
possess increasingly detailed technical roadmaps for sustaining human life off-Earth,
but, to the author’s knowledge, no integrated, phase-based framework connecting
settlement maturity to governance structure has been widely adopted for governing
the communities that would result.

This gap is not trivial. Every permanent human community in history has required gov-
ernance - mechanisms for collective decision-making, dispute resolution, resource al-
location, and the exercise of authority. The unique conditions of off-Earth settlement
- extreme environmental dependence, communication delays with Earth, resource
scarcity, small initial populations, and the impossibility of unilateral departure - cre-
ate governance challenges that have no precise terrestrial analog [4].

The existing body of international space law, anchored by the 1967 Outer Space
Treaty (OST), was drafted for an era of state-sponsored expeditions and orbital labora-
tories. Article II prohibits national appropriation of celestial bodies. Article VI holds
states responsible for the activities of their nationals in space. Article VIII grants the
state of registry jurisdiction and control over space objects and personnel thereon [5].
These provisions were adequate when “personnel thereon” numbered fewer than a
dozen and rotated home every six months. They are inadequate for a permanent
settlement of 10,000 people who were born off-Earth, who have never set foot on ter-
restrial soil, and who generate their own food, energy, and manufactured goods from
local resources.

1.2 Scope and Contribution

This paper proposes a Governance Evolution Model (GEM) that maps the governance
trajectory of an off-Earth settlement from its founding as a small crew under mission
command through its maturation into an autonomous polity. The model is structured
in four phases, each with defined decision rights, authority structures, and account-
ability mechanisms. Quantitative transition triggers - not arbitrary timelines - deter-
mine when a settlement advances from one phase to the next. A constitutional frame-
work provides the legal architecture for the transition from Earth-governed outpost
to self-governing entity. Institutional continuity mechanisms address the multigener-
ational challenge of maintaining governance coherence over decades to centuries.

The contribution of this work is threefold. First, we provide a structured, phase-
based model that connects governance complexity to settlement maturity. Prior work
has addressed near-term mission rules [6,7], the philosophical foundations of space
liberty and freedom engineering [31,32], the long-term political economy of space
sovereignty [30], and population-size constraints on multigenerational settlements
[20]; to the author’s knowledge, an integrated four-phase model with explicit, quanti-
tative transition triggers that links these perspectives has not been fully developed in



the literature. Second, we define quantitative transition triggers grounded in opera-
tional realities rather than political aspiration. Third, we apply the model to a specific
case - a Venus atmospheric settlement at 50 km altitude - demonstrating its practical
applicability.

1.3 Paper Structure

Section 2 examines historical analogies for governance transitions. Section 3
presents the four-phase Governance Evolution Model. Section 4 defines transition
triggers. Section 5 proposes a constitutional framework. Section 6 develops insti-
tutional continuity mechanisms. Section 7 applies the model to Venus atmospheric
settlement. Section 8 addresses open challenges. Section 9 discusses broader
applicability. Section 10 presents conclusions.

2. Historical Analogies
2.1 Colonial Governance Transitions

The history of European colonial expansion provides the most extensive record of
governance transitions from remote metropolitan authority to local self-governance,
though the analogy must be applied with care given the profound moral failings of
colonialism, particularly the subjugation of indigenous populations - a concern absent
in off-Earth settlement of uninhabited environments [8].

The British colonial model evolved through recognizable phases. Early settlements
operated under royal charters with appointed governors answering to the Crown
(analogous to mission command). As populations grew and local economic activity
developed, elected assemblies were established alongside appointed governors (gov-
erned outpost). Responsible government followed, with local legislatures controlling
domestic affairs while the metropole retained control of defense and foreign policy
(self-governing settlement). Full independence - achieved peacefully in some cases
(Canada, Australia) and through conflict in others (the American colonies, Kenya) -
established autonomous polities [9].

Several lessons emerge. First, governance transitions driven by imposed metropoli-
tan timelines rather than local readiness produced unstable outcomes. Second,
economic independence typically preceded political independence; colonies that
achieved economic self-sufficiency sought governance autonomy with greater ur-
gency and success. Third, the most stable transitions occurred when the metropolitan
power established graduated self-governance mechanisms in advance rather than
conceding autonomy under pressure [10].

The critical difference for space settlement is that early off-Earth communities will be
existentially dependent on Earth-supplied technology and, in many scenarios, Earth-
supplied energy. This dependence gives Earth institutions leverage that European
metropoles never possessed over their colonies - a settler in Virginia could, in ex-
tremis, grow food and build shelter without London’s assistance. A settler on Mars



cannot survive a severed supply chain until ISRU capability reaches near-total self-
sufficiency.

2.2 The Antarctic Treaty System

The Antarctic Treaty System (ATS), established in 1959, provides a governance model
for a hostile, uninhabited environment under international jurisdiction - the closest
terrestrial analog to space settlement governance [11]. Key features of the ATS rele-
vant to space governance include:

* Suspension of sovereignty claims (Article IV) without requiring their renun-
ciation - a pragmatic ambiguity that enabled cooperation among claimant and
non-claimant states.

* Freedom of scientific investigation (Article II) as the primary legitimate ac-
tivity.

* Consensus-based decision-making among Consultative Parties.

* Environmental protection elevated to a binding protocol (the 1991 Madrid
Protocol).

The ATS has governed Antarctica successfully for over six decades, but its limitations
are instructive. It works because Antarctic populations are small (peak ~5,000, all
temporary), there is no indigenous population, economic exploitation is limited by the
Madrid Protocol’s mineral resource ban, and Consultative Parties share a scientific
mission [12]. None of these conditions will hold for a permanent, growing space
settlement with an economic mandate.

The ATS demonstrates that governance frameworks designed for scientific outposts
cannot scale to permanent communities. This is precisely the trajectory space settle-
ment governance must navigate.

2.3 The ISS Partnership Model

The International Space Station Intergovernmental Agreement (IGA), signed in 1998
among 15 nations, governs the most complex international space collaboration in
history [13]. The IGA establishes:

* Jurisdiction based on module registration. Each partner retains jurisdiction
and control over the elements it registers, including criminal jurisdiction over
its own nationals.

* Intellectual property protection for inventions made on each partner’s ele-
ment.

* Cross-waiver of liability among partners for damage arising from ISS opera-
tions.

* A multilateral decision-making body (the Multilateral Coordination Board)
for operational decisions.

The ISS model works for its purpose - a six-person crew rotating every six months,
performing scientific research, with all supplies launched from Earth [14]. Its limi-
tations for permanent settlement are fundamental: it assumes temporary residence,
state-based jurisdiction tied to hardware modules, and no economic production. A



settlement where children are born, food is grown, and goods are manufactured re-
quires governance structures that the IGA was never designed to provide.

2.4 Synthesis

No single historical model maps cleanly onto off-Earth settlement governance. The
colonial model offers the most relevant precedent for governance transition trajecto-
ries but carries the burden of exploitation and coercion. The ATS demonstrates that
international governance of hostile uninhabited environments is achievable but only
for small, temporary, science-focused populations. The ISS IGA demonstrates practi-
cal mechanisms for multinational cooperation in space but applies only to laboratory-
scale operations.

What is needed is a framework that combines the graduated transition model of colo-
nial governance (stripped of its exploitative features), the international cooperation
mechanisms of the ATS and ISS IGA, and new elements - quantitative transition trig-
gers, constitutional protections for off-Earth populations, and multigenerational in-
stitutional continuity - that address the unique conditions of permanent space settle-
ment.

3. The Governance Evolution Model
3.1 Overview

The Governance Evolution Model (GEM) defines four governance phases, each corre-
sponding to a range of settlement maturity as measured by population, self-sufficiency,
and institutional capacity. The phases are not arbitrary administrative categories but
reflect qualitative transitions in the nature of the community being governed: from
a work crew performing a mission to a polity exercising sovereignty. The question
of which political system is appropriate for space colonies has been examined by
several authors; Slobodian [33] surveys four theoretical approaches (governance by
science, libertarianism, national exceptionalism, and cosmopolitanism), finding that
small crewed missions admit commander-based governance while larger communi-
ties require deliberate institutional design.

3.2 Phase 1: Mission Command (6-50 Crew)

Character. The settlement is a crew performing a mission. Governance is hierarchi-
cal, authority is centralized in a commander, and decision-making follows protocols
established by the sponsoring organization on Earth.

Decision rights. The commander has authority over all operational decisions within
mission parameters. Strategic decisions - mission objectives, resource allocation pri-
orities, crew composition, timeline changes - are made by the sponsoring organiza-
tion on Earth.

Authority structure. Military or quasi-military chain of command. The comman-
der is appointed by the sponsoring organization and serves at its pleasure. Deputy



and section leads are appointed, not elected. Crew members have defined roles and
responsibilities.

Dispute resolution. Commander adjudicates operational disputes. Personnel con-
flicts are escalated to the sponsoring organization via communication link. In ex-
tremis, the commander has authority to relieve crew members of duties.

Earth relationship. The settlement is an extension of the sponsoring organization.
All resources are supplied from Earth. Communication may be delayed (minutes to
tens of minutes) but the sponsoring organization retains real-time oversight and di-
rective authority.

Analogy. Submarine deployment, Antarctic research station, ISS expedition crew.

Limitations. Mission command works for professional crews performing defined
tasks. It fails when the population includes families, children, or individuals who did
not personally consent to the command structure. It is unsustainable when commu-
nication delays make real-time Earth oversight impractical [15].

3.3 Phase 2: Governed Outpost (50-500)

Character. The settlement is a community, not just a crew. Some residents are long-
term or permanent. Families may be present. Local economic activity supplements
Earth supply. Governance must balance operational efficiency with community con-
sent.

Decision rights. A dual authority structure emerges. An appointed administrator
(analogous to a colonial governor) retains authority over safety-critical systems, exter-
nal relations, and resource allocation between Earth-supplied and locally-produced
goods. A community council, elected by residents, has authority over community
affairs: scheduling, social policy, internal dispute resolution, and allocation of com-
munal resources.

Authority structure. The administrator is appointed by the sponsoring organization
and reports to Earth-based management. The community council is elected by univer-
sal adult suffrage of permanent residents (defined as those who have resided at the
settlement for more than one year). The administrator has veto power over council
decisions that affect safety-critical systems. The council has the right to petition the
sponsoring organization for the administrator’s replacement.

Dispute resolution. A settlement ombudsman, jointly appointed by the administra-
tor and council, mediates disputes. Unresolved disputes are escalated to an Earth-
based arbitration panel with representation from the sponsoring organization and an
independent space law body.

Earth relationship. The settlement remains dependent on Earth for critical sup-
plies and technology. The sponsoring organization funds the settlement and retains
ultimate authority over its continuation. Revenue from local production (if any) is
managed jointly by the administrator and council.

Analogy. Early colonial settlement with appointed governor and elected assembly.
Antarctic station with mixed national contingents. Offshore oil platform community.



3.4 Phase 3: Self-Governing Settlement (500-10,000)

Character. The settlement is a self-aware polity. Most residents are long-term or
permanent. A generation has been born and raised at the settlement. Local produc-
tion meets a substantial fraction of material needs. The community has developed its
own cultural identity, social norms, and institutional traditions distinct from those of
any Earth-based nation.

Decision rights. The settlement governs its own internal affairs through elected
institutions. An Earth liaison office, staffed by representatives of the sponsoring or-
ganization(s), retains authority over external relations (with Earth and with other set-
tlements), defense and security policy, and compliance with international space law.
The settlement legislature may pass laws governing all domestic matters. The Earth
liaison has a suspensive veto (delay, not permanent block) on legislation that affects
obligations under international space law or the rights of Earth-based stakeholders.

Authority structure. Separation of powers: an elected legislature, an elected exec-
utive (governor or equivalent), and an independent judiciary. The Earth liaison office
is a diplomatic mission, not a governing authority. Its staff are accredited represen-
tatives, not administrators.

Dispute resolution. An independent judiciary interprets the settlement’s constitu-
tion and laws. Disputes between the settlement and Earth-based entities are referred
to an interplanetary arbitration tribunal established by treaty.

Earth relationship. The settlement is economically semi-independent. It produces
most of its food, energy, and basic materials locally. It remains dependent on Earth
for high-technology goods, specialized equipment, and (in some scenarios) beamed
energy. Trade between the settlement and Earth-based entities is conducted on com-
mercial terms, not as supply shipments.

Analogy. Self-governing British dominion (Canada post-1867, Australia post-1901).
Autonomous territory within a federal system. Free city under international guaran-
tee.

3.5 Phase 4: Autonomous Polity (10,000+)

Character. The settlement is a sovereign or quasi-sovereign entity. It has a multi-
generational population, a diversified economy, complete or near-complete material
self-sufficiency, its own educational and research institutions, and a governance tra-
dition spanning decades.

Decision rights. The polity exercises full self-governance including external rela-
tions, defense, and resource rights. Its relationship with Earth-based nations is gov-
erned by treaty, not by unilateral Earth authority.

Authority structure. Determined by the polity’s own constitution, which was
adopted through a deliberative process during Phase 3 with ratification by both the
settlement population and the sponsoring Earth institution(s).

Dispute resolution. An interplanetary court of justice, established by treaty, adjudi-
cates disputes between autonomous polities and between polities and Earth nations.



Earth relationship. Peer relationship. The autonomous polity is a party to interplan-
etary treaties, not a subject of Earth-based governance. Trade, cultural exchange,
and mutual defense agreements are negotiated between sovereign entities.

Analogy. Independent nation within the international community. Member state of a
federal union with sovereignty retained. City-state in a league of autonomous polities.

4. Transition Triggers
4.1 The Problem of Transition Timing

The most contentious question in governance evolution is not what the phases should
look like but when transitions should occur. Premature transition risks governance
failure in a community that lacks the institutional capacity, economic base, or pop-
ulation depth for self-governance. Delayed transition risks authoritarian stagnation,
popular resentment, and eventual crisis-driven transition - the pattern that produced
the American Revolution.

We propose five quantitative transition triggers, any three of which must be satisfied
to initiate a governance transition. This threshold mechanism prevents premature
transition on a single metric while ensuring that transition cannot be indefinitely de-
layed once multiple indicators of readiness are met.

4.2 Trigger 1: Population Threshold

The minimum population for each phase is set by the governance complexity it re-
quires:

* Phase 1 - Phase 2: 50 permanent residents. Below this threshold, a commu-
nity council lacks sufficient membership for meaningful representation and the
settlement’s operational demands consume all available labor. Above 50, the
social dynamics shift from a single work team to a community with subgroups,
conflicting interests, and the need for representative governance. Ethnographic
studies place typical hunter-gatherer band sizes in the range of roughly 30-50,
beyond which coordination by direct face-to-face consensus becomes impracti-
cal - the lower band level in Dunbar’s analysis of cognitively-bounded human
group sizes [16].

* Phase 2 - Phase 3: 500 permanent residents. At this scale, direct democracy
becomes impractical, specialized institutional roles (judge, legislator, executive)
can be filled without diverting critical operational personnel, and a sufficient
talent pool exists to staff separated powers.

* Phase 3 - Phase 4: 10,000 permanent residents. This threshold provides suffi-
cient population for a diversified economy, specialized educational institutions,
a professional civil service, and the demographic depth to sustain governance
continuity across generations.



4.3 Trigger 2: ISRU Self-Sufficiency Ratio

The self-sufficiency ratio (SSR) measures the fraction of the settlement’s material
needs met from local production:

M
SSR = local (1)
Mlocal + Mimported
where M., is the mass of goods produced from local resources and M;,,,,orteq 1S

the mass imported from Earth or other external sources.

Transition thresholds: - Phase 1 —» Phase 2: SSR = 0.20 (20% of mass from local
production - demonstrating viable ISRU) - Phase 2 - Phase 3: SSR = 0.60 (majority
self-sufficient) - Phase 3 —» Phase 4: SSR = 0.90 (near-total self-sufficiency; imports
limited to specialty items)

An SSR below the transition threshold indicates that the settlement remains existen-
tially dependent on Earth supply, and any governance structure must account for this
dependency. A settlement that cannot feed, shelter, and sustain itself cannot exercise
sovereignty credibly.

4.4 Trigger 3: Communication Delay

One-way light-time between Earth and the settlement affects the feasibility of Earth-
based oversight:

* < 5 seconds (Moon, cislunar): Real-time oversight is practical. Mission com-
mand can be sustained indefinitely from a communication perspective.

* 5-60 seconds (near-Earth asteroids in some configurations): Near-real-time
consultation is possible. Detailed oversight is impractical.

* 4-21 minutes (Mars): Conversational communication is impossible. Earth over-
sight can set policy and review decisions after the fact but cannot direct opera-
tions in real time.

* 2-14 minutes (Venus): Similar to Mars. Real-time command is impractical.

* > 30 minutes (outer solar system): Earth oversight is advisory at best.

Communication delay thresholds for transition: - Phase 1 - Phase 2: One-way delay
> 60 seconds - Phase 2 —» Phase 3: One-way delay > 5 minutes - Phase 3 - Phase
4: One-way delay > 10 minutes

These thresholds reflect the point at which Earth-based decision-making authority
becomes operationally untenable, not merely inconvenient [17].
4.5 Trigger 4: Economic Independence Index

The Economic Independence Index (EII) measures the settlement’s financial self-
sufficiency:

EI] = Rsettlemént B TEarth (2)
t

otal
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where R, 1ijcment 1S Tevenue generated by settlement economic activity, T, is
transfers received from Earth (subsidies, grants, operational funding), and C,_,,; is
total settlement operating cost.

An EII of 1.0 means the settlement fully funds its operations from its own revenue.
An EII of 0.0 means it is entirely dependent on Earth transfers.

Transition thresholds: - Phase 1 - Phase 2: EIl = 0.10 (beginning of economic
activity) - Phase 2 - Phase 3: EII = 0.50 (half self-funded) - Phase 3 —» Phase 4:
EIl = 0.85 (economically independent except for specialty trade)

4.6 Trigger 5: Governance Capacity Score

The Governance Capacity Score (GCS) is a qualitative assessment index that mea-
sures the settlement’s institutional readiness for the next phase of governance. It
is not a mechanically computed formula; rather, it is an expert assessment by the
interplanetary governance commission (Section 8.1) based on four observable dimen-
sions:

* Personnel depth: Number of qualified individuals available for governance
roles (legislators, judges, administrators, civil servants) beyond those required
for critical operations.

* Institutional maturity: Duration and stability of existing governance institu-
tions. A community council that has operated continuously for 10 years demon-
strates institutional maturity; one formed last month does not.

* Legal framework: Existence of codified laws, dispute resolution procedures,
and constitutional provisions for the next governance phase.

* Educational capacity: Ability to train the next generation of governance par-
ticipants without Earth-based educational support.

The GCS is expressed on a 0-100 ordinal scale where each dimension is assessed
against settlement-size-appropriate benchmarks. Assessors assign a score of 0-25 per
dimension; total GCS is the sum. These dimension weights are necessarily equal in
this framework; future refinement through empirical study of analogous institutions
may yield evidence-based weighting. Transition thresholds: - Phase 1 - Phase 2:
GCS = 30 - Phase 2 - Phase 3: GCS = 60 - Phase 3 - Phase 4: GCS = 80

4.7 Transition Process

When three of five triggers are satisfied, the settlement enters a Transition Prepara-
tion Period (TPP) of not less than two years (Phase 1-2), five years (Phase 2-3), or
ten years (Phase 3—4). During the TPP:

1. A Transition Commission, comprising equal representation from the settlement
community and the Earth-based sponsoring authority, drafts the governance
framework for the next phase.

2. The draft framework is published for public comment by all settlement residents
and by the sponsoring authority.

3. A revised framework is submitted for ratification by both the settlement popula-
tion (by referendum requiring 60% approval) and the sponsoring authority (by

10



its own decision-making process).
4. Upon ratification, the new governance framework takes effect on a defined date
with a structured handover of authorities.

If ratification fails, the settlement remains in its current governance phase, triggers
are re-evaluated annually, and a new TPP may be initiated when triggers are again
satisfied.

5. Constitutional Framework
5.1 The Need for Off-Earth Constitutionalism

A constitution serves two functions: it establishes the structure and powers of gov-
ernment, and it constrains government by defining rights that may not be abridged.
For an off-Earth settlement, a constitution must also address challenges unique to
the space environment: the existential dependence of the community on engineered
life support, the relationship between the settlement and Earth, the rights of individ-
uals in a closed environment where “exit” may be impossible, and the allocation of
resources produced from celestial bodies whose ownership is contested under inter-
national law [18].

5.2 Unamendable Principles

Certain constitutional principles must be placed beyond the reach of amendment to
prevent a future majority from abolishing the foundations of governance. We propose
five unamendable principles:

1. Right to life support. No person may be denied access to breathable atmo-
sphere, potable water, adequate nutrition, medical care, or habitable shelter.
This right may not be conditioned on employment, citizenship status, political
affiliation, or any other criterion.

2. Prohibition of exile. No person may be compelled to leave the settlement
involuntarily. In a terrestrial context, exile is a deprivation of community; in
space, it may be a death sentence. Criminal penalties may include confinement
but not expulsion.

3. Right to information. All residents have the right to full and accurate infor-
mation about the settlement’s environmental status, resource levels, external
threats, and governance decisions. In an environment where misinformation
about life support status could prevent appropriate survival behavior, informa-
tion transparency is a survival requirement, not merely a political preference.

4. Prohibition of hereditary authority. No governance position may be held
by right of birth, family relationship, or hereditary succession. All positions of
authority must be filled through election, appointment by elected officials, or
merit-based selection.

5. Right of return. Any resident who wishes to return to Earth (or relocate to
another settlement) has the right to do so, subject only to the availability of
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transport. The settlement government may not prevent departure. This right is
the space equivalent of the right to emigrate - the fundamental check on govern-
mental abuse that is available when “voting with one’s feet” is physically possible
[19].

5.3 Amendment Process

Amendments to the constitution (excluding unamendable principles) require:

Proposal: By two-thirds vote of the legislature, or by citizen petition signed by
20% of eligible voters.

Deliberation period: Minimum one year between proposal and ratification
vote, to prevent hasty amendments during crises.

Ratification: By three-quarters vote of eligible voters in a referendum.
Consistency review: An independent constitutional court must certify that the
proposed amendment does not conflict with unamendable principles.

5.4 Rights of Off-Earth Populations

Beyond the unamendable principles, the constitution should enumerate rights spe-
cific to off-Earth populations:

Right to natural light and open space. Settlement design must provide ac-
cess to views of the external environment, natural or simulated day-night cycles,
and communal spaces beyond individual quarters.

Right to communication. Residents have the right to communicate with Earth
and other settlements without censorship or undue delay, subject only to band-
width allocation on a non-discriminatory basis.

Right to reproductive autonomy. Decisions about family size and timing are
made by individuals, not by settlement authorities. No mandatory population
controls may be imposed.

Environmental rights. The settlement’s life support systems are a commons to
which all residents have equal claim. Pollution of the shared atmosphere, water
supply, or food production systems is a criminal offense.

Right to cultural expression. The settlement may not impose cultural, linguis-
tic, religious, or ideological uniformity.

5.5 Dissolution Conditions

The constitution must address the possibility that the settlement becomes non-viable.
Dissolution conditions include:

Catastrophic life support failure beyond repair capacity, requiring evacua-
tion.

Population decline below minimum viable community size (proposed threshold:
50 individuals for Phase 2+, below which governance capacity is insufficient to
staff separated institutions; separately, population genetics establishes an effec-
tive population size of Ne = 50 as the minimum to avoid accelerated inbreeding
depression [29]).
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* Voluntary dissolution by four-fifths vote of residents.

Upon dissolution, the constitution provides for orderly evacuation, disposition of set-
tlement assets, and the rights of displaced residents.

6. Institutional Continuity Mechanisms
6.1 The Multigenerational Challenge

The greatest threat to governance stability in a multigenerational settlement is not
external attack or environmental catastrophe but the gradual erosion of institutional
knowledge, commitment, and capacity as personnel turn over completely every 30-
40 years (one human generational cohort). The mechanisms described below are
designed to maintain governance coherence across this turnover [20].

6.2 Overlapping Terms

All elected and appointed governance positions use staggered terms with overlapping
service periods:

* Legislature: One-third of seats elected every two years for six-year terms.

* Executive: Four-year terms with a two-term limit; the outgoing executive serves
as an advisor for the first year of the successor’s term.

* Judiciary: Twelve-year terms, staggered so that no more than one-quarter of
judicial positions are vacated in any three-year period.

* Senior civil service: No more than 20% of senior positions may be vacated in
any single year.

This structure ensures that no governance institution loses more than a fraction of
its experienced membership simultaneously.

6.3 Distributed Capability

No critical governance function may depend on a single individual or a single institu-
tion. Redundancy requirements include:

* At least three individuals trained in every critical governance function (legal
interpretation, financial management, emergency powers, external communica-
tions).

* Written procedures for every governance process, maintained in multiple physi-
cal and digital repositories.

* Cross-training programs that expose all governance participants to functions
outside their primary responsibility.

6.4 Endowment Model

Long-term governance stability requires financial independence from short-term po-
litical pressures. An institutional endowment, funded by a fixed percentage (pro-
posed: 5%) of settlement GDP, provides:
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Guaranteed funding for judicial independence (courts are funded from the en-
dowment, not from legislative appropriation).

A constitutional maintenance fund for periodic constitutional review and amend-
ment processes.

An emergency governance fund for maintaining governance functions during
economic disruptions.

Scholarships for governance training and education.

The endowment is managed by an independent board with 15-year staggered terms,
insulated from electoral politics.

6.5 Knowledge Preservation

Governance knowledge preservation goes beyond document archiving. It encom-
passes:

Decision archaeology records. Every significant governance decision is doc-
umented with not just the decision itself but the alternatives considered, the
arguments for and against, the data available at the time, and the values and pri-
orities that drove the selection [21]. This record enables future decision-makers
to understand not just what was decided but why, and to revisit decisions when
underlying conditions change.

Oral history program. Systematic recorded interviews with departing gov-
ernance officials capturing tacit knowledge, lessons learned, and institutional
relationships that resist formal documentation.

Governance simulation. Periodic governance exercises in which current offi-
cials work through historical decision scenarios using only the information avail-
able at the time, testing whether the institutional knowledge base is sufficient
to reproduce competent decision-making.

6.6 Al-Assisted Institutional Memory

As artificial intelligence capabilities mature, Al systems can serve as institutional
memory supplements:

Precedent retrieval. Al systems trained on the settlement’s full governance
record can identify relevant precedents for current decisions, flag inconsisten-
cies with past practice, and surface forgotten commitments.

Continuity monitoring. Automated tracking of whether governance practices
align with constitutional provisions and established procedures, alerting current
officials to drift or deviation.

Translation across generations. Al systems can bridge linguistic, concep-
tual, and cultural shifts between generations, making founding-era documents
accessible to later generations whose language and conceptual frameworks have
evolved.

These Al systems are advisory, never authoritative. They inform human decision-
makers but do not replace them.
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7. Case Study: Venus Atmospheric Settlement
7.1 Environmental Context

Venus offers a unique settlement environment at approximately 50 km altitude in the
cloud layer, where conditions are remarkably Earth-like: atmospheric pressure of
approximately 1 atm, temperature of 25-75°C, and gravity of 0.9 g [22]. The atmo-
sphere at this altitude is predominantly CO2 with N2, providing radiation shielding,
convective thermal management, and feedstock for chemical processing. A settle-
ment platform, buoyant in the dense CO2 atmosphere due to the lower density of a
breathable N2/O2 atmosphere, provides a stable base for habitation and manufactur-
ing [23].

Communication delay between Venus and Earth ranges from approximately 2.3 min-
utes (inferior conjunction) to approximately 14.3 minutes (superior conjunction), with
an arithmetic mean of approximately 8 minutes. This delay is sufficient to make real-
time Earth-based command impractical for routine operations.

The Mercury-Venus Industrial Dyad architecture [24] provides the settlement with
beamed energy from Mercury-based solar collectors, raw materials launched from
Mercury via electromagnetic launcher, and locally-processed manufactured goods
from Venus’s atmospheric resources (COz, N2, H2SO4).

7.2 Projected Governance Timeline

We project the following governance evolution timeline for a Venus atmospheric set-
tlement, based on the transition triggers defined in Section 4 and a representative pro-
gram timeline for a Mercury-Venus industrial program (a working scenario adopted
for illustration; a companion economic analysis is in preparation [25]):

Phase 1: Mission Command (Year O - Year 8)

Initial crew of 6-12 arrives at Venus aboard the first habitation platform. Crew compo-
sition is primarily engineers and scientists tasked with commissioning the Venus man-
ufacturing complex. Governance is by mission command: a commander appointed by
the sponsoring organization directs all operations. Communication with Earth (2-14
minute one-way delay; ~8-minute mean) permits Earth-based mission control to pro-
vide strategic direction and resolve non-urgent disputes.

Population at Phase 1 end: ~40. SSR: ~0.15. EII: ~0.05.
Phase 2: Governed Outpost (Year 8 - Year 27)

The population reaches 50 as construction crews and permanent residents arrive.
Families are present. The first children are born at Venus. Local food production
from atmospheric CO2 and recycled nutrients begins to supplement Earth supplies.
Carbon fiber and structural composite production for local use and export begins,
generating revenue.
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An appointed administrator oversees operations. A community council of 7 mem-
bers, elected by permanent residents, governs community affairs. The administrator
retains veto over safety-critical decisions. Triggers for Phase 3 transition are progres-
sively met:

* Population crosses 500 at approximately Year 22.

* SSR reaches 0.60 at approximately Year 20, as Venus manufacturing capability
matures.

* Communication delay (2-14 min; mean ~8 min) exceeded the Phase 2—3 thresh-
old (>5 min) on average from the outset, though it dips below 5 min near inferior
conjunction.

* EIl reaches 0.50 at approximately Year 23, as export revenue from carbon fiber
and propellant grows.

* GCS reaches 60 at approximately Year 24, after 16 years of community council
experience.

Three triggers (communication delay, SSR, population) are satisfied by Year 22. The
Transition Preparation Period (5 years) begins.

Phase 3: Self-Governing Settlement (Year 27 - Year 62)

At Year 27, the Venus settlement transitions to self-governance. A constitution,
drafted during the TPP and ratified by both the settlement population and Earth-
based sponsors, establishes a legislature (21 members), an elected governor, and
an independent judiciary. The Earth liaison office, staffed by 3-5 representatives,
retains authority over external relations and international law compliance.

Population grows from approximately 600 to 10,000 over this period. The settlement
develops its own educational institutions, cultural traditions, and economic identity.
ISRU self-sufficiency approaches 90%. The settlement becomes a significant exporter
of carbon fiber, structural composites, propellant, and chemical feedstocks to cislunar
space, Mars, and beyond.

Triggers for Phase 4 transition: - SSR reaches 0.90 at approximately Year 45. - EII
reaches 0.85 at approximately Year 48. - Population crosses 10,000 at approximately
Year 52. - GCS reaches 80 at approximately Year 52.

Three triggers (SSR, EII, population) are satisfied by Year 52. The 10-year TPP begins.
Phase 4: Autonomous Polity (Year 62+)

The Venus settlement becomes an autonomous polity at approximately Year 62 from
founding. Its constitution, revised during the TPP through a deliberative process
involving all residents, establishes full self-governance. The relationship with Earth
is governed by treaty. The settlement is a party to interplanetary agreements on trade,
mutual defense, navigation rights, and environmental protection.

By this point, the settlement has a multi-generational population, a diversified econ-
omy, its own research and educational institutions, and a governance tradition span-
ning six decades. Most residents have never visited Earth. The settlement’s cultural
identity is distinct from that of any Earth nation.
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7.3 Key Observations

The Venus case study reveals several features of the GEM:

1. Communication delay accelerates transition. Venus’s 2-14 minute one-way
delay (mean ~8 min) makes Earth-based command impractical on average from
the outset, triggering one transition criterion early in the program. This con-
trasts with lunar settlements, where the 1.3-second delay permits indefinite
Earth oversight.

2. Economic independence is the pacing factor. Self-sufficiency in materials
(SSR) advances faster than economic independence (EII) because early produc-
tion is consumed locally rather than generating export revenue. The transition
from Phase 3 to Phase 4 is gated primarily by economic independence.

3. Institutional capacity takes time. The GCS threshold is typically the last
trigger satisfied, because institutional maturity requires lived experience that
cannot be accelerated. This is a feature, not a bug: it prevents premature tran-
sitions driven by population growth or economic metrics alone.

4. The 60-year timeline is consistent with historical precedent. The British
North American colonies took approximately 170 years from founding to inde-
pendence (1607-1776); the Australian colonies took approximately 113 years
(1788-1901). A 62-year timeline for Venus reflects the faster pace of modern in-
stitutional development and the accelerating effect of communication delay on
governance autonomy.

8. Challenges and Open Questions
8.1 Who Decides When Transitions Occur?

The quantitative triggers defined in Section 4 are necessary but not sufficient for
transition. Someone must certify that the triggers are satisfied and authorize the
transition process. If the Earth-based sponsoring authority controls this decision, it
has an incentive to delay transition to retain authority. If the settlement controls the
decision, it may claim premature readiness.

We propose that trigger certification be performed by an independent interplane-
tary governance commission, established by treaty, with members appointed by both
Earth-based and off-Earth constituencies. This commission has the authority to cer-
tify trigger satisfaction and initiate the Transition Preparation Period but does not
itself design the new governance framework - that authority belongs to the Transi-
tion Commission described in Section 4.7.

8.2 What If Earth Disagrees?

The most dangerous scenario is one in which the settlement population believes it
has satisfied transition criteria but the Earth-based sponsor refuses to recognize the

17



transition. This is the dynamic that produced the American Revolution, the Rhodesian
Unilateral Declaration of Independence, and numerous colonial crises.

The GEM mitigates this risk through several mechanisms. First, quantitative trig-
gers reduce the scope for subjective disagreement. Second, the requirement for only
three of five triggers prevents Earth from blocking transition by contesting a single
metric. Third, the Transition Preparation Period provides time for negotiation and
compromise. Fourth, the constitutional framework is drafted jointly by settlement
and Earth representatives, building consensus.

Nevertheless, the GEM cannot eliminate the possibility of unilateral action by either
party. If Earth refuses to recognize a transition that the settlement believes is war-
ranted, the settlement may declare autonomous governance unilaterally - but at the
cost of the legitimacy and institutional continuity that the GEM is designed to provide.
Preventing this outcome requires good faith on both sides and a commitment to the
framework established at the settlement’s founding.

8.3 Sovereignty and Resource Rights

Under Article II of the Outer Space Treaty, no nation may claim sovereignty over ce-
lestial bodies [5]. This prohibition creates a legal vacuum for permanent settlements:
if no nation can claim Venus or its atmosphere, by what authority does a Venus set-
tlement claim the right to extract atmospheric CO2z, manufacture goods from it, and
sell those goods?

The GEM does not resolve this question - it is a matter of international law beyond the
scope of a governance framework. However, the GEM is designed to be compatible
with multiple resolution scenarios:

* Usufruct model. Settlements have the right to use resources without claiming
ownership of the celestial body, analogous to rights in international waters.

* Common heritage model. Resources are the common heritage of humankind,
and settlements operate as custodians who may use resources but must share
benefits, as proposed in the Moon Agreement (Article 11) [26].

* Homestead model. Settlements acquire resource rights through productive
use, analogous to the 2015 US Commercial Space Launch Competitiveness Act,
which grants US citizens property rights over resources they extract in space
[27].

9. Discussion
9.1 Applicability to Other Settlements

The GEM is designed as a general framework, not Venus-specific. Its applicability to
other settlement scenarios varies with environmental conditions:

Moon. The 1.3-second communication delay to the Moon means that the communi-
cation delay trigger is never satisfied. Lunar settlements may remain under effective
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Earth oversight indefinitely from a communication perspective. Other triggers - pop-
ulation, SSR, EII, GCS - drive transition. The lunar case predicts a slower governance
transition than Venus or Mars because Earth retains practical command authority.

Mars. Mars’s 4-22 minute communication delay is comparable to Venus’s 2-14 min-
utes. The governance timeline is similar, modulated by differences in ISRU capability
and population growth rate. Mars settlements face additional challenges from lower
gravity (0.38 g vs. Venus’s 0.9 g at 50 km) and the absence of a dense atmosphere for
resource extraction.

Free-Space Habitats (O’Neill Cylinders). Orbiting habitats in cislunar space or
at Lagrange points have low communication delays but may achieve high SSR and
EII rapidly if they are purpose-built manufacturing facilities. The GEM applies, with
the communication delay trigger unlikely to drive transition. Economic independence
and population growth are the pacing factors.

Outer Solar System. Settlements beyond Mars (asteroid belt, Jupiter system, Sat-
urn system) face communication delays of 30 minutes to several hours. These settle-
ments will require autonomous governance almost from founding. The GEM predicts
rapid transition to Phase 3 or Phase 4, limited primarily by population and economic
capacity rather than by Earth’s willingness to cede authority.

9.2 Relationship to Existing Space Law

The GEM operates within the existing framework of international space law but an-
ticipates its evolution. The Outer Space Treaty’s prohibition on national sovereignty
over celestial bodies (Article II) does not prohibit self-governance by a settlement
community - sovereignty over people is distinct from sovereignty over territory. A
Venus settlement that governs itself is not claiming Venus; it is claiming the right of
its residents to determine their own political affairs.

This distinction is analogous to the governance of a ship at sea. A vessel’s crew
is governed by the laws of the flag state, but the flag state does not thereby claim
sovereignty over the ocean. Similarly, a settlement’s governance structure operates
under the framework of the registering state(s) but does not claim the celestial body
on which or in which it is located [28].

As the number and size of off-Earth settlements grow, new treaty instruments will
be required to address the rights and obligations of self-governing settlements. The
GEM provides a conceptual framework for such treaties.

10. Conclusions

Permanent off-Earth settlements will require governance structures that evolve from
centralized mission command to autonomous self-governance. This paper has pro-
posed a four-phase Governance Evolution Model (GEM) that provides:

1. A structured transition path from Mission Command (6-50 crew) through
Governed Outpost (50-500) and Self-Governing Settlement (500-10,000) to
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Autonomous Polity (10,000+).

2. Five quantitative transition triggers - population, ISRU self-sufficiency, commu-
nication delay, economic independence, and governance capacity - with a three-
of-five threshold mechanism that prevents both premature and indefinitely de-
layed transitions.

3. A constitutional framework with unamendable principles (right to life support,
prohibition of exile, right to information, prohibition of hereditary authority,
right of return) that protects the fundamental rights of off-Earth populations.

4. Institutional continuity mechanisms - overlapping terms, distributed capability,
endowment models, knowledge preservation protocols, and Al-assisted institu-
tional memory - that maintain governance coherence across complete personnel
turnover.

5. Application to a Venus atmospheric settlement case study, projecting a 62-year
timeline from first crew to autonomous polity, consistent with historical prece-
dent for governance transitions.

The GEM does not resolve all questions of space governance - sovereignty, resource
rights, and the enforcement of interplanetary law remain open challenges requiring
new treaty instruments. But it provides a framework within which these challenges
can be addressed as they arise, rather than in crisis. The greatest risk to off-Earth
governance is not inadequate answers to difficult questions but the absence of any
framework for asking them.

References

[1] NASA, “Artemis Plan: NASA’'s Lunar Exploration Program Overview,” NP-2020-05-
2853-HQ, 2020.

[2] E. Musk, “Making Life Multi-Planetary,” New Space, vol. 6, no. 1, pp. 2-11, 2018.
doi:10.1089/space.2018.29013.emu

[3] G. O’'Neill, The High Frontier: Human Colonies in Space, William Morrow, New
York, 1977.

[4] C.S. Cockell, “The Ethical Status of Human Settlements in Space,” Acta Astronau-
tica, vol. 131, pp. 129-138, 2017.

[5] United Nations, “Treaty on Principles Governing the Activities of States in the
Exploration and Use of Outer Space, Including the Moon and Other Celestial Bodies,”
1967. UN Doc. A/RES/2222(XXI).

[6]].]. Johnson-Freese, Space Warfare in the 21st Century: Arming the Heavens, Rout-
ledge, London, 2017.

[7] V. Blount, “Renovating Space: The Future of International Space Law,” Chicago
Journal of International Law, vol. 13, no. 2, pp. 515-544, 2013.

20



[8] A. Osterhammel, Colonialism: A Theoretical Overview, Marcus Wiener, Princeton,
1997.

[9] W.R. Louis (ed.), The Oxford History of the British Empire, Oxford University Press,
Oxford, 1998-1999.

[10] N. Ferguson, Empire: How Britain Made the Modern World, Allen Lane, London,
2003.

[11] Antarctic Treaty, signed December 1, 1959, entered into force June 23, 1961.
402 UNTS 71.

[12] K. Dodds, The Antarctic: A Very Short Introduction, Oxford University Press,
Oxford, 2012.

[13] “Agreement Among the Government of Canada, Governments of Member States
of the European Space Agency, the Government of Japan, the Government of the
Russian Federation, and the Government of the United States of America Concerning
Cooperation on the Civil International Space Station,” January 29, 1998.

[14] R.D. Launius, “The International Space Station: Twenty Years of Continuous
Human Presence,” Space Policy, vol. 57, 101418, 2021.

[15] T. Gangale, The Development of Outer Space: Sovereignty and Property Rights
in International Space Law, Praeger, Santa Barbara, 2009.

[16] R. Dunbar, “Neocortex Size as a Constraint on Group Size in Primates,” Journal
of Human Evolution, vol. 22, no. 6, pp. 469-493, 1992.

[17] F. von der Dunk, “The Origins of Authorisation: Article VI of the Outer Space
Treaty, National Space Legislation and the Duty of Authorisation,” Space Policy,
vol. 27, no. 3, pp. 153-157, 2011.

[18] S. Hobe, Space Law, Nomos/Hart, Baden-Baden, 2019.

[19] C.M. Tiebout, “A Pure Theory of Local Expenditures,” Journal of Political Econ-
omy, vol. 64, no. 5, pp. 416-424, 1956.

[20] A.M. Hein, C. Smith, F. Marin, and K. Staats, “World Ships: Feasibility and Ra-
tionale,” Acta Futura, vol. 12, pp. 75-104, 2020. do0i:10.5281/zenodo.3747333

[21] B.P. Kilgore, “A Multigenerational Systems Engineering Framework for Century-
Scale Space Programs,” manuscript in preparation, 2026.

[22] G.A. Landis, “Colonization of Venus,” in AIP Conference Proceedings, vol. 654,
pp. 1193-1200, 2003.

[23] G.A. Landis, “Atmospheric Flight on Venus,” in 40th AIAA/ASME/SAE/ASEE Joint
Propulsion Conference, AIAA-2004-3773, 2004.

[24] B.P. Kilgore, “Interplanetary Solar Energy Relay: Feasibility Analysis of a
Mercury-Based Collection and Multi-Hop Distribution System,” Zenodo preprint,
2026. doi:10.5281/zenodo.20202623

[25] B.P. Kilgore, “Engineering Economics of Interplanetary Industrial Infrastructure:
A 50-Year Net Present Value Analysis,” manuscript in preparation, 2026.

21



[26] United Nations, “Agreement Governing the Activities of States on the Moon and
Other Celestial Bodies,” 1979. UN Doc. A/RES/34/68.

[27] U.S. Congress, “U.S. Commercial Space Launch Competitiveness Act,” Public
Law 114-90, November 25, 2015.

[28] F. Lyall and P.B. Larsen, Space Law: A Treatise, 2nd ed., Routledge, London,
2018.

[29] I.R. Franklin, “Evolutionary change in small populations,” in M.E. Soulé and B.A.
Wilcox (eds.), Conservation Biology: An Evolutionary-Ecological Perspective, Sinauer
Associates, Sunderland, MA, pp. 135-149, 1980.

[30] J. Haqg-Misra, “Can Deep Altruism Sustain Space Settlement?” in K. Szocik
(ed.), The Human Factor in a Mission to Mars, Springer, Cham, pp. 141-160, 2019.
doi:10.1007/978-3-030-02059-0 8

[31] C.S. Cockell (ed.), Human Governance Beyond Earth: Implications for Freedom,
Springer, Cham, 2015. doi:10.1007/978-3-319-18063-2

[32] C.S. Cockell, “Freedom Engineering: Using Engineering to Mitigate Tyranny in
Space,” Space Policy, vol. 49, 101328, 2019. doi:10.1016/j.spacepol.2019.07.002

[33] A. Slobodian, “First Space Colony: What Political System Could We Expect?”
Space Policy, vol. 56, 101426, 2021. doi:10.1016/j.spacepol.2021.101426

22



	Governance Frameworks for Multigenerational Space Programs: From Mission Command to Autonomous Polity
	Abstract
	1. Introduction
	1.1 The Governance Gap
	1.2 Scope and Contribution
	1.3 Paper Structure

	2. Historical Analogies
	2.1 Colonial Governance Transitions
	2.2 The Antarctic Treaty System
	2.3 The ISS Partnership Model
	2.4 Synthesis

	3. The Governance Evolution Model
	3.1 Overview
	3.2 Phase 1: Mission Command (6-50 Crew)
	3.3 Phase 2: Governed Outpost (50-500)
	3.4 Phase 3: Self-Governing Settlement (500-10,000)
	3.5 Phase 4: Autonomous Polity (10,000+)

	4. Transition Triggers
	4.1 The Problem of Transition Timing
	4.2 Trigger 1: Population Threshold
	4.3 Trigger 2: ISRU Self-Sufficiency Ratio
	4.4 Trigger 3: Communication Delay
	4.5 Trigger 4: Economic Independence Index
	4.6 Trigger 5: Governance Capacity Score
	4.7 Transition Process

	5. Constitutional Framework
	5.1 The Need for Off-Earth Constitutionalism
	5.2 Unamendable Principles
	5.3 Amendment Process
	5.4 Rights of Off-Earth Populations
	5.5 Dissolution Conditions

	6. Institutional Continuity Mechanisms
	6.1 The Multigenerational Challenge
	6.2 Overlapping Terms
	6.3 Distributed Capability
	6.4 Endowment Model
	6.5 Knowledge Preservation
	6.6 AI-Assisted Institutional Memory

	7. Case Study: Venus Atmospheric Settlement
	7.1 Environmental Context
	7.2 Projected Governance Timeline
	7.3 Key Observations

	8. Challenges and Open Questions
	8.1 Who Decides When Transitions Occur?
	8.2 What If Earth Disagrees?
	8.3 Sovereignty and Resource Rights

	9. Discussion
	9.1 Applicability to Other Settlements
	9.2 Relationship to Existing Space Law

	10. Conclusions
	References


