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Abstract

This paper develops a historical and philosophical inquiry into the reciprocal relations between
astronomy and politics. The inquiry begins from the observation that human communities have re-
peatedly looked to the heavens when interpreting political order, while political institutions have
in turn organized the practices, infrastructures, standards, and resources through which the heavens
became observable and intelligible. Celestial regularity, orientation, scale, permanence, sacredness,
and aesthetic appearance have contributed to political imaginaries of authority, legitimacy, hierar-
chy, virtue, coordination, and collective order. Calendars transformed astronomical regularities into
political time; navigation and astronomical measurement contributed to mobility, territorial adminis-
tration, and expanding political space; observatories, standards, and systems of timekeeping subse-
quently became infrastructures through which states and transnational systems coordinated increas-
ingly complex social worlds. The relation nevertheless develops in both directions. Political author-
ity shapes astronomical knowledge by supporting institutions of observation, determining standards,
organizing archives, allocating resources, and governing scientific practice, while transformations
in astronomical and physical knowledge can alter the conceptual resources through which political
order is imagined. The paper therefore approaches astronomy and politics as historically co-evolving
systems rather than as domains connected by one-directional influence. Particular attention is given
to the changing appearance of political order. Sacred, scientific, symbolic, aesthetic, and relational
forms of intelligibility can coexist, recombine, disappear, and re-emerge under different historical
conditions. Political judgments concerning order, beauty, virtue, rationality, and advancement are
consequently examined as historically and relationally situated forms of appearance and evaluation.
This perspective also complicates sequential and cyclical philosophies of political history. Later
political forms do not acquire normative superiority solely from temporal succession, while appar-
ent historical recurrence does not require return to an earlier relational configuration. Recurrence
can occur at the level of symbols, institutions, or other selected structures while the wider historical
system remains transformed. The paper further considers how modern astronomy places pressure
on assumptions concerning privileged centers, common temporal perspectives, fixed scales of de-
scription, and complete observation, thereby providing new occasions for political reflection with-
out implying direct transfer of physical models into human governance. The final part reverses the
direction of inquiry. As human activity increasingly extends beyond terrestrial observation toward
intervention in celestial and planetary environments, political and ethical theory becomes relevant to
astronomy itself. Questions of planetary protection, irreversible alteration, epistemic responsibility,
global authorization, and the governance of unknown environments mark a transition from deriving
political meaning from the heavens toward assuming responsibility for human relations with them.
Astronomy and politics are thus treated as participants in a continuing historical relation through
which conceptions of order, knowledge, responsibility, and possibility are repeatedly generated and
revised.

Keywords: astronomy and politics; celestial order; political imagination; political aesthetics; political
time; philosophy of history; historical recurrence; political epistemology; planetary governance; astro-
nomical ethics
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Discussion Paper Note

This paper is a preliminary philosophical inquiry into historical judgment, manifestation, and political
praxis from a Generative Relational perspective. Its purpose is not to present a complete philosophy of
history, to establish a new universal sequence of political development, or to replace existing historical
and materialist traditions. The inquiry is deliberately narrower. It asks how political actors can form
normative judgments about futures that have not yet been historically realized, how such judgments
participate in practice, how practice generates relations that were not fully available to prior evaluation,
and how the resulting historical manifestation may subsequently require renewed judgment.

The paper is not written as a critique ofMarxism, dialectical historical materialism, or praxis-oriented
approaches to historical development. On the contrary, several of its basic intuitions are continuous with
these traditions. Political and institutional forms are not treated as self-sufficient abstract objects whose
meaning or value can be determined independently of concrete historical conditions. Relations of pro-
duction, productive capacities, material organization, institutional structures, technologies, knowledge,
social relations, and historically available forms of political agency all condition what can be gener-
ated, sustained, transformed, and recognized at a given historical moment. The paper therefore shares
the broader intuition that historical judgment must remain situated within the relations through which a
social order becomes materially and politically possible.

The contribution attempted here is consequently one of refinement rather than opposition. In partic-
ular, the paper distinguishes more explicitly between normative judgment made before a contemplated
historical form has manifested and normative judgment made after practice has contributed to the pro-
duction of a new historical configuration. This distinction is important because political practice cannot
wait until its consequences have already become fully visible. Actors must imagine alternatives, com-
pare possible futures, form commitments, and choose courses of action under conditions of incomplete
knowledge. Such prospective judgment is not treated as a defect to be eliminated. It is a necessary
condition of political praxis and one way in which human agents participate in the generation of history.

A prospective judgment, however, is not equivalent to a guarantee concerning the future. At a given
historical moment, a political form may reasonably appear more desirable, more just, more productive,
more liberating, or otherwise preferable under the evidence, values, relations, and conceptual resources
then available. Practice undertaken in response to that judgment can nevertheless generate institutions,
dependencies, conflicts, capacities, identities, interpretive resources, and unintended consequences that
were not fully present at the moment of initial evaluation. The historically realized configuration may
therefore differ significantly from the anticipated form, not only in observable outcomes but also in the
relations through which the form acquires its actual meaning and effects.

For this reason, the paper treats praxis as more than a procedure for testing a fixed proposition against
an otherwise unchanged reality. Praxis can be world-generating. It changes the relational conditions
within which subsequent knowledge and judgment become possible. A theory, institutional aspiration,
or normative commitment may guide action, while the action undertaken in its name contributes to the
production of a new historical standpoint from which the original judgment can itself be reconsidered.
The resulting movement may be represented schematically as a recurrent relation among situated judg-
ment, practice, historical generation, manifestation, and renewed judgment rather than as a one-time
passage from theory to verification.

The term “manifestation” is used in this paper in this deliberately broad sense. It does not refer only
to an observable outcome appearing after a decision. A historical form manifests through the concrete
relations, practices, institutions, effects, interpretations, conflicts, and subject positions through which it
becomes historically actual. What is manifested may therefore contain features that could not be fully
specified in the prior description of the anticipated form. Manifestation supplies not merely additional
information about an unchanged object but potentially a newly generated relational object of judgment.

This distinction also bears upon claims of historical advancement. The paper does not deny the
possibility of meaningful comparison among political forms, nor does it deny that historical changes can
constitute genuine progress. Political actors must make such comparisons if they are to pursue reforms,
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transform institutions, resist injustice, or construct alternatives to existing orders. The paper instead asks
that judgments of advancement disclose more carefully the historical relations, normative commitments,
feasible transitions, and generated consequences within which such comparisons become meaningful.

A political form imagined as historically subsequent can therefore be judged preferable and can le-
gitimately orient practice before it has been realized. Yet this prospective judgment and the judgment
available after historical manifestation occupy different epistemic positions. A form that appears desir-
able in anticipation may require material, institutional, epistemic, or social conditions that are not yet
sufficiently developed in a particular context. An attempted transition may also generate a configuration
different from the intended one. Conversely, historical manifestation may reveal possibilities that could
not previously have been adequately imagined. The paper therefore distinguishes confidence sufficient
for political action from claims of certainty about an unfinished historical future.

This position should not be read as an argument for political passivity or historical relativism. The
inability to know the future completely does not eliminate the necessity of judgment. Human political
agency consists partly in the capacity to imagine alternatives that do not yet exist, to evaluate them, and to
act in ways intended to bring a more desirable order into being. Historical openness therefore strengthens
rather than removes the practical importance of normative judgment. The corresponding requirement is
that such judgment remain capable of revision when the relations produced through practice disclose
features that were previously unavailable.

The paper also considers the historical conditions of normative and aesthetic appearance. Political
forms do not become intelligible as rational, advanced, harmonious, natural, just, or desirable in an
interpretive vacuum. Scientific reason, sacred authority, formal regularity, technical efficiency, partic-
ipation, relationality, and generativity can acquire different political salience under different historical
configurations. This does not imply that normative judgment can be reduced to aesthetic preference. It
instead provides a caution concerning the ease with which historically situated forms of appearance can
be mistaken for transhistorical necessity. What appears elegant, modern, natural, or progressive to one
historical interpretive system may be recognized differently from another historical position.

The same caution applies to descriptions of historical recurrence. Terms such as monarchy, empire,
capitalism, socialism, religious politics, bureaucracy, or other historical categories necessarily preserve
some differences while abstracting from others. The claim that two historical configurations are instances
of the same form therefore depends upon criteria of equivalence. Apparent recurrence need not imply
restoration of the same relational state. A political form can reappear symbolically, institutionally, or
phenomenologically while operating through substantially different technologies, economic relations,
knowledge systems, infrastructures, international conditions, and modes of subject formation.

For this reason, the paper introduces the idea that historical recurrence can be quotient-dependent.
This is not intended to reduce historiography to a mathematical construction. The language of equiva-
lence and quotient is used to make explicit a familiar but consequential operation of historical reasoning:
in order to identify recurrence, continuity, or sameness, an interpreter must determine which differences
are relevant to the comparison and which may be abstracted away. Different purposes of inquiry may
legitimately preserve different structures. The resulting classifications should therefore be treated as an-
alytically constructed and historically interpretable rather than as self-evident identities among complete
historical states.

Two normative concerns follow from these arguments. The first is the revisability of belief. Political
judgment must often become sufficiently committed to support action, yet commitment need not entail
immunity from historical correction. A belief capable of guiding practice should remain revisable when
practice generates evidence, relations, or consequences that alter the grounds upon which the belief was
originally formed.

The second concern is the re-recognizability of history. Later historical subjects may possess evi-
dence, conceptual resources, normative vocabularies, and relational perspectives unavailable to earlier
interpreters. Institutions of memory, archives, historiography, and public knowledge should therefore,
so far as practicable, preserve the possibility that the past can be recognized again rather than perma-
nently enclosed within a single authorized interpretation. Re-recognizability does not require that every
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interpretation be treated as equally adequate. It requires that the conditions for future inquiry, criticism,
comparison, and reinterpretation not be unnecessarily destroyed.

These two concerns are mutually connected. Revisability protects present judgment from becoming
dogma; re-recognizability protects the historical record from becoming inaccessible to future judgment.
Together they support a form of historical praxis in which political actors can maintain substantive nor-
mative commitments while acknowledging that neither their knowledge of future manifestation nor their
interpretation of the past is complete.

The paper therefore adopts a position of methodological and historical modesty. It does not claim
that historical development lacks structure, direction, contradiction, material constraint, or possibilities
of genuine progress. Nor does it claim that all historical forms become normatively equivalent once
their relational conditions are acknowledged. Its narrower claim is that political judgment occurs from
within history: actors must judge before future relations have fully manifested, practice participates in
the generation of those relations, and later historical positions can reopen both the original judgment and
the history through which it was formed.

The Generative Relational perspective offered here should accordingly be read as a preliminary ex-
tension of a broader praxis-oriented conversation rather than as a declaration of a competing philosophy
of history. Its principal proposal is to hold together commitment and revisability: to permit historical
actors to judge, choose, and act without requiring them to claim complete knowledge of the future, and
to preserve enough epistemic and historical openness for the worlds generated through those actions to
teach later actors how those judgments should be understood anew.
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1 Introduction

This section establishes the historical and philosophical problem developed throughout the paper. Its pur-
pose is to situate astronomy and politics within a reciprocal relation extending from ancient cosmological
orders to contemporary planetary intervention. The discussion proceeds through five movements. It first
identifies the long historical association among celestial observation, political imagination, legitimacy,
time, and collective order. It then examines political institutions as material and epistemic conditions
for astronomical knowledge. The third movement introduces the paper’s conception of astronomy and
politics as historically co-evolving rather than externally connected domains. The fourth develops the
philosophical problem of changing regimes of order, appearance, and political intelligibility. The final
movement specifies the contemporary reversal through which political and ethical theory increasingly
becomes relevant to human intervention in astronomical and planetary environments. These movements
establish the paper’s central concern: how changing relations with the heavens have participated in the
historical formation, revision, and governance of political order.

1.1 Historical Reciprocity between Celestial and Political Order

Human political communities have repeatedly interpreted the heavens as more than a distant physical
environment. Celestial phenomena have supplied calendrical regularities, orientation, omens, symbolic
centers, accounts of cosmic hierarchy, and images of permanence and transformation. These resources
have entered religious practice, political legitimacy, administrative coordination, architecture, agricul-
ture, navigation, military planning, and historical interpretation across widely separated societies.

The categories through which these activities are now divided into astronomy, astrology, cosmol-
ogy, religion, science, and politics do not map cleanly onto many earlier historical contexts. Rochberg’s
study of Mesopotamian celestial knowledge, for example, shows that observation, mathematical pre-
diction, celestial divination, and learned interpretation belonged to an interconnected scholarly culture
whose purposes included matters of direct social and political importance [45]. Celestial signs could con-
cern war, famine, flood, market conditions, royal fortune, and other matters affecting collective order.
Astronomical and divinatory knowledge therefore participated in the epistemic practices through which
political communities interpreted events and possible futures.

Early Chinese history provides another extensive example of the close relation between cosmology,
astronomy, and political order. Cullen’s study of ancient Chinese mathematical astronomy emphasizes
the continuing importance of calendrical astronomy to imperial government and the institutional mainte-
nance of astronomical specialists by pre-modern Chinese states [7]. Pankenier documents a still broader
field in which astral phenomena informed calendrical science, architecture, mythology, political and
military decision-making, and the symbolic organization of political authority [40]. Wang’s analysis of
early Chinese political culture goes further by treating cosmology and political power as historically in-
tertwined and mutually constructed [66]. Cosmological order in this account develops through political
contestation and institutional transformation, while political power is simultaneously articulated through
cosmological categories.

These examples caution against a simple model in which an already completed astronomical world-
view is subsequently copied into politics. The relation is historically denser. Celestial observation sup-
plies materials for political interpretation, while political organization determines who observes, which
phenomena are recorded, how calendrical systems are standardized, which interpretations acquire insti-
tutional authority, and how astronomical knowledge circulates.

The reciprocal character of this relation extends well beyond antiquity. Astronomical institutions
have repeatedly depended upon courts, states, religious institutions, military organizations, scientific
academies, universities, colonial administrations, and international organizations. These institutions
have supplied observatories, instruments, trained personnel, archives, expeditions, standardized mea-
surements, and long-term observational programmes. Astronomical knowledge therefore possesses a
political and institutional history alongside its mathematical and observational history.
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Stolz’s study of astronomy in nineteenth-century Ottoman Egypt provides an especially clear exam-
ple of this reciprocity in a modernizing context. Astronomical practice became entangled with imperial
administration, religious authority, educational reform, scientific institutions, timekeeping, and projects
of political coordination [57]. The case demonstrates that astronomy can participate simultaneously in
scientific, religious, administrative, and political transformations without being reducible to any one of
these domains.

The historical relation examined in this paper is therefore reciprocal in a strong sense. Political com-
munities interpret celestial phenomena through historically available symbolic and epistemic systems.
Political institutions then organize the material and intellectual conditions of astronomical observation.
New astronomical knowledge can subsequently transform the cosmological assumptions, spatial repre-
sentations, temporal standards, and forms of political imagination available to those communities.

The paper treats this recursive relation as one of co-evolution. The term does not imply symmetrical
causal influence at every historical moment. In some periods, celestial symbolism can exert substan-
tial influence upon political legitimation. In others, state patronage, navigation, military demand, or
scientific infrastructure can become especially important for astronomical development. Co-evolution
identifies the continuing possibility that changes in one domain alter the conditions through which the
other can subsequently develop.

1.2 Celestial Knowledge and Political Imagination

The political significance of astronomy cannot be understood through technical knowledge alone. Ce-
lestial phenomena also enter political life through imagination, symbolism, perception, and aesthetic
experience. The night sky presents an unusual conjunction of scale, regularity, distance, visibility, ori-
entation, and apparent persistence. These properties can make celestial order especially powerful as a
medium through which human societies imagine collective order.

Political imagination refers here to the historically situated capacity to represent a political com-
munity, its authority relations, its spatial organization, its temporal continuity, and its possible futures.
Taylor’s concept of the social imaginary provides a useful adjacent framework: social imaginaries con-
cern the broader ways through which people imagine collective existence, expectations, relations, and
the normative order underlying common practices [58]. Celestial imagery can enter such imaginaries by
supplying visible and symbolically dense representations of center, cycle, hierarchy, orientation, corre-
spondence, and endurance.

The Chinese association between circumpolar celestial order and political centrality provides an es-
pecially striking historical field for later analysis. Pankenier traces the importance of celestial patterns
to early Chinese political and cosmological thought [40]. Wang likewise analyzes the political construc-
tion of cosmological centrality and the manner in which the emperor became situated within a wider
correspondence among heaven, human order, and political power [66]. Such configurations cannot be
reduced to an empirical inference from stellar motion to a constitutional design. Their force emerges
through the combined operation of observation, ritual, symbolic interpretation, political institutions, in-
herited concepts, and aesthetic experience.

This broader structure is important for the philosophical argument of the paper. Human beings en-
counter political order partly through modes of appearance. Stability, symmetry, centrality, regularity,
magnitude, elegance, and continuity can become aesthetically salient before they are articulated as for-
mal political propositions. A political structure can therefore become intelligible as harmonious, natural,
sacred, rational, or desirable through historically generated modes of perception.

The relationship among beauty, order, virtue, and political legitimacy has a long history and belongs
to established traditions of political aesthetics. The present inquiry uses that literature as a background
while concentrating on the astronomical dimension of the problem. Celestial phenomena provide one
historically persistent environment in which conceptions of order and aesthetic experience meet political
interpretation.

The relation is especially significant because celestial appearance can make large-scale order per-
ceptible. Many social structures remain difficult to experience as wholes. A political economy, empire,
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bureaucracy, legal system, or international order exceeds the direct perceptual field of any one subject.
The visible sky, by contrast, can present an apparently integrated arrangement whose regularities are re-
peatedly available to collective observation. The heavens can therefore support representations of totality
that are difficult to obtain from political life itself.

The apparent permanence of celestial order also gives it a distinctive temporal quality. Human rulers,
dynasties, institutions, and generations pass away while many celestial cycles remain observable across
lifetimes. The contrast can support associations among celestial order, continuity, legitimacy, ancestry,
or transcendence. Political institutions can draw upon this temporal contrast when presenting themselves
as connected to a wider or more enduring order.

Such associations remain historically contingent. Celestial phenomena do not contain one political
meaning waiting to be extracted. Different interpretive systems can assign very different political signif-
icance to the same sky. Cosmological centrality can support hierarchy in one setting, while the vastness
and absence of a privileged cosmic center can support humility or decentering in another. Astronomical
knowledge therefore participates in political imagination through historically situated acts of interpreta-
tion.

This variability will become important later in the paper. Changes in astronomical knowledge can
transform the properties through which the heavens become politically imaginable. A cosmos repre-
sented through concentric spheres, a mathematical heliocentric system, a Newtonian gravitational uni-
verse, a relativistic spacetime, and an evolving cosmological model do not present the same conceptual
resources for thinking about center, motion, time, observation, or order. The paper examines how these
transformations alter the field of possible political reflection without assigning direct political prescrip-
tions to physical theories.

1.3 Political Institutions as Astronomical Infrastructures

The reciprocal relation between astronomy and politics becomes materially visible in astronomical in-
frastructure. Observation requires instruments, trained observers, stable sites, records, standardized pro-
cedures, funding, and institutions capable of sustaining work across periods longer than the tenure of
individual observers. Political organization has therefore repeatedly entered the production of astronom-
ical knowledge through the provision and governance of observational capacity.

Ancient calendrical institutions already display this structure. Cullen notes that pre-modern Chinese
governments maintained astronomical specialists and treated calendrical work as a continuing govern-
mental responsibility [7]. Calendrical knowledge linked celestial observation to agricultural timing, ritual
order, administrative coordination, and political authority. The production of astronomical knowledge
therefore depended upon offices capable of preserving observations and maintaining specialized exper-
tise over time.

The same institutional relation appears in very different forms in early modern Europe. The Royal
Observatory at Greenwich was founded in 1675 as Britain’s first state-funded scientific research institu-
tion, with the longitude problem and improvement of maritime navigation among the central practical
contexts of its establishment [47]. The observatory joined celestial observation to commercial navigation,
naval capacity, cartographic knowledge, instrument making, and state-supported science.

The later history of Greenwich illustrates how astronomical infrastructure can become political infras-
tructure. Astronomical observation contributed to the production of navigational tables and increasingly
standardized temporal references. Greenwich Mean Time developed from local astronomical time into a
standard used for navigation and later for railway and communication coordination; it became Britain’s
legal standard time in 1880 and served as an international civil-time standard from 1884 until the later
adoption of Coordinated Universal Time [48]. The historical movement from local solar time toward
standardized time reveals that a common political present is partly infrastructural and institutional.

This development has philosophical significance for the present paper. Political systems routinely
treat dates, deadlines, synchronized schedules, and legal moments of effect as though a common tempo-
ral coordinate were a neutral background. The history of astronomical timekeeping demonstrates that
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such coordination is an achievement produced through observation, instrumentation, standardization,
communication, and political adoption.

Astronomical infrastructure also extends political spatial capacity. Navigation using astronomical ob-
servations and time standards permitted ships to locate themselves more reliably across long distances.
Cartographic and geodetic practices contributed to the representation and administration of territory. Ob-
servatories situated within imperial and colonial networks became nodes in larger systems of measure-
ment, coordination, and scientific authority.

The institutional relation continued into the nineteenth and twentieth centuries as national govern-
ments increasingly supported observatories and astronomical research. The modern observatory became
an institution in which scientific goals interacted with public finance, technological development, na-
tional prestige, navigation, military interests, and international cooperation. Contemporary astronomy
continues this pattern through large telescopes, radio arrays, satellite missions, data infrastructures, and
multinational scientific collaborations.

The political organization of astronomical infrastructure has two implications for the paper. First,
political order participates materially in the production of the astronomical knowledge later available
for political reflection. Second, astronomical infrastructures can themselves become objects of political
contestation concerning land, public resources, cultural authority, environmental protection, international
coordination, and access to knowledge.

Astronomy and politics therefore meet within institutions as well as ideas. Celestial knowledge
depends upon organized practices whose design, funding, authority, and consequences belong to political
history.

1.4 Co-Evolution of Knowledge and Political Order

The preceding historical relations support a co-evolutionary interpretation of astronomy and politics.
This interpretation treats cosmological knowledge, political institutions, symbolic order, and observa-
tional infrastructure as historically interacting processes.

Wang’s account of early China provides an explicit precedent for this approach. Her analysis de-
scribes cosmology and political power as mutually constructed in historical processes of state formation
and political contestation [66]. Cosmology acquires concrete political meaning through social institu-
tions, while political authority becomes intelligible through cosmological categories.

Stolz’s analysis of late Ottoman Egypt shows a comparable reciprocity under very different historical
conditions. Astronomy developed through imperial institutions, religious reform, educational change,
and new forms of scientific authority; astronomical and temporal knowledge simultaneously became
resources for wider projects of political and religious coordination [57].

The concept of co-evolution used in this paper generalizes this reciprocal structure without assuming
one uniformmechanism across historical periods. Astronomy can affect political order through symbolic
legitimacy, calendrical coordination, navigation, scientific authority, spatial representation, or epistemic
infrastructure. Politics can affect astronomy through patronage, institutional organization, censorship,
standardization, territorial access, instrument production, educational systems, and international gover-
nance.

The relation is also recursive. Political organization can create an observatory. The observatory
can generate astronomical knowledge. That knowledge can modify temporal or spatial standards. New
standards can alter the coordination capacity of the political system. The transformed political system
can then create new scientific institutions operating at a different scale.

Historical co-evolution also changes the meaning of celestial order itself. An astronomical regularity
acquires political significance through interpretation. That interpretation can become institutionalized in
ritual, architecture, calendar, law, or administrative practice. Institutionalization changes the conditions
under which later observers encounter both the political order and the astronomical phenomenon.

The co-evolutionary perspective therefore places mediation at the center of the paper. Celestial phe-
nomena, astronomical representations, political institutions, aesthetic perception, and normative judg-
ment should be analytically distinguished while their historical relations remain visible.
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This structure also explains why the paper avoids a direct model-transfer approach. Celestial mechan-
ics can provide intellectually suggestive structures, yet the historical influence of astronomy upon politics
has often operated through interpretation, infrastructure, aesthetic experience, and changing conceptions
of order. The political meaning of astronomy cannot therefore be derived from physical equations alone.

The same point applies in the opposite direction. Governance theory can inform planetary protec-
tion, observatory policy, orbital activity, and extraterrestrial intervention, yet astronomical environments
possess physical and epistemic conditions that constrain political choice. Reciprocal inquiry requires at-
tention to the specificity of both domains.

1.5 Changing Regimes of Order and Political Appearance

A historical philosophy of astronomy and politics requires an account of change in the forms through
which order becomes politically intelligible. Sacred cosmology, mathematical regularity, scientific ratio-
nality, national standardization, relationality, and generativity can each contribute to political appearance
under different historical conditions.

The paper uses the term regime of political appearance to describe a historically situated configu-
ration in which some forms of order become especially recognizable as coherent, beautiful, legitimate,
rational, modern, or desirable. The term does not imply that a society possesses one homogeneous aes-
thetic or normative regime. Several modes of appearance can coexist and compete within the same
historical period.

A sacred cosmological order can present transcendence, hierarchy, continuity, and ritual correspon-
dence as politically salient. A mathematically represented cosmos can support aesthetic and epistemic
appreciation of regularity, prediction, formal simplicity, and universal law. A modern administrative or-
der can similarly value measurement, comparability, standardization, and formal consistency. Contem-
porary political thought can assign increasing value to adaptability, networks, relationality, participation,
and emergence.

These configurations should not be organized automatically into a ladder of historical advancement.
Sacred, scientific, bureaucratic, national, participatory, and relational modes of political appearance can
persist, combine, and re-emerge under new conditions. A technologically sophisticated state can simul-
taneously employ scientific indicators, sacred symbolism, national mythology, monumental architecture,
and participatory rhetoric.

This coexistence is important for the paper’s philosophy of history. Temporal succession does not
guarantee a simple replacement of one political imaginary by another. Historical development can pro-
duce recombination. An earlier symbolic form can return within a new technological and institutional
configuration and acquire a political function different from the one it possessed previously.

The distinction between appearance and relational configuration becomes central here. A political
order can resemble an earlier order at the level of symbols, rituals, titles, or institutional names while
differing substantially in the relations through which those forms are generated. Historical recurrence
therefore requires explicit criteria of equivalence.

The paper develops this point through a quotient-sensitive conception of historical recurrence. A
historical trajectory can revisit a category under one criterion while continuing to change under another.
A political form can recur phenomenally while remaining relationally novel.

This framework also complicates strong sequential theories of political progress. Political actors can
make substantive judgments that one configuration is preferable to another. The historical meaning of
such judgments depends upon concrete relations, available alternatives, normative criteria, and the tra-
jectory through which the preferred form becomes manifest. The paper therefore distinguishes political
evaluation from a metaphysical ordering in which every historical form possesses an intrinsic position
on one predetermined ladder.

The aesthetic dimension supplies an additional caution. What appears harmonious, rational, progres-
sive, or elegant depends partly upon historically developed capacities of perception and interpretation.
Scientific rationality can itself become aesthetically compelling within societies shaped by formalization,
statistics, mathematical representation, and bureaucratic coordination. Relational or generative forms can
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acquire comparable salience in historical settings increasingly attentive to complex systems, distributed
networks, and emergent order.

Such situated appearance does not eliminate normative reasoning. It creates a reason to distinguish
what a political form looks like from the relations through which its normative consequences become
manifest. The historical variability of political aesthetics thereby supports reflexive judgment rather than
aesthetic skepticism.

1.6 Modern Astronomy and Political Reflection

Modern astronomy and physics transform several assumptions that earlier political orders could treat as
intuitively simple. The Earth occupies no privileged central position in modern cosmology. Relativity
complicates the notion of a unique observer-independent simultaneity across spatially separated events.
Astronomical observation confronts finite signal propagation, position-dependent access, enormous dif-
ferences of scale, and evidence carrying information from different moments of cosmic history.

These scientific developments carry no automatic political prescription. A physical theory of relativ-
ity does not establish political relativism. Cosmological absence of a privileged spatial center does not
entail a decentralized constitution. Astronomical scale does not provide a direct model for international
institutions.

Their philosophical value lies elsewhere. Modern astronomy makes assumptions about observation,
time, position, scale, and system boundaries unusually explicit. Political theory can use these cases to
identify assumptions that remain implicit within terrestrial governance.

A political institution can operate with one legal date while social and cultural relations evolve at
heterogeneous rates. A policy system can combine evidence collected at one administrative moment
even though the evidence represents different historical states. A central institution can construct an
official representation of a society while remaining situated within one epistemic position. Different
political subsystems can operate through different characteristic timescales and internal mechanisms
while participating in a larger order.

Astronomical conditions therefore function in this paper as philosophical provocations. Their value
arises where they expose hidden assumptions of political thought and open new questions concerning
common time, relational incompleteness, scale, observation, and coordination.

This approach differs from treating every astronomical mechanism as a source of political analogy.
Many concepts used in astronomy are applications of more general mathematical or physical structures
already familiar to social theory. A useful astronomical provocation should generate a political distinc-
tion or problem whose significance exceeds the observation that similar patterns occur in two complex
systems.

The paper consequently gives special attention to cases where astronomy sharpens a structural prob-
lem: the coexistence of different historical states within one observational present, the absence of a
privileged observational position, the coordination of heterogeneous subsystems across different scales,
and the political construction of common temporal and spatial standards.

These problems are developed as occasions for political reflection rather than as empirically validated
transfers of astronomical models into governance.

1.7 Contemporary Reversal toward Governance of the Heavens

The historical relation between astronomy and politics acquires a new form as human activity extends
from observation toward intervention in celestial environments. Telescopes, satellites, planetary mis-
sions, asteroid-deflection research, extraterrestrial sampling, lunar infrastructure, and long-duration space
activity transform astronomical environments into domains of political and ethical decision.

This development creates a historical reversal in the direction of inquiry. Earlier political orders fre-
quently drew calendrical, symbolic, navigational, or cosmological resources from the heavens. Contem-
porary and future political institutions increasingly confront responsibility for determining how human
activity should affect celestial environments.
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The change is especially visible in planetary protection. Human exploration can introduce terrestrial
material into environments whose biological, geochemical, or historical significance remains incom-
pletely understood. Governance therefore confronts irreversible intervention under substantial epistemic
uncertainty.

Planetary defense creates another type of problem. Deliberate modification of a celestial trajectory
can reduce expected global risk while altering the distribution of conditional risk across terrestrial popu-
lations. Questions of authority, responsibility, consent, compensation, and distributive justice therefore
enter an activity whose immediate technical object is astronomical.

Astronomical observation itself has also become an object of governance. Satellite constellations,
radio-frequency use, observatory siting, land claims, cultural heritage, and environmental impact create
conflicts among scientific, commercial, state, local, and community interests. Political theory therefore
returns to astronomy through questions of public goods, jurisdiction, representation, distributive justice,
and epistemic responsibility.

These contemporary problems extend the paper’s reciprocal historical structure. Human beings once
used celestial order to interpret political order. Political institutions later built infrastructures capable
of producing increasingly precise astronomical knowledge. That knowledge now supports interventions
whose consequences require political and ethical governance.

Themovement also changes the normative status of astronomical knowledge. Observation can create
responsibilities where knowledge enables intervention. Capacity to alter an asteroid trajectory, establish a
permanent lunar infrastructure, or contaminate an extraterrestrial environment creates political questions
absent from passive observation alone.

The paper therefore treats governance of the heavens as the contemporary phase of a longer reciprocal
history. Political responsibility develops within the same relation throughwhich astronomical knowledge
and political capacity have co-evolved.

1.8 Scope and Structure of the Inquiry

The paper is a philosophical and historical synthesis. It does not provide a comprehensive history of
astronomy, a universal history of political thought, or a formal model linking astronomical and polit-
ical development. Its narrower objective is to identify recurring forms of interaction through which
astronomy and politics have participated in the historical construction of order, knowledge, time, space,
legitimacy, and responsibility.

The historical examples are therefore selected for analytical function. Mesopotamian celestial schol-
arship illustrates the early integration of observation, prediction, divination, and political significance
[45]. Early Chinese cases illustrate the deep relation among astronomy, calendrical institutions, cos-
mology, political centrality, and state organization [7, 40, 66]. Greenwich illustrates the transformation
of astronomical observation into navigational and temporal infrastructure [47, 48]. Ottoman Egypt il-
lustrates the reciprocal development of astronomy, political authority, religious reform, and scientific
institutions in a modern imperial setting [57].

The philosophical argument develops across these histories without assigning them to a single devel-
opmental sequence. Different forms of celestial and political order can coexist, persist, recombine, or
disappear under changing relations. Historical comparison therefore requires attention to both temporal
development and relational difference.

The paper develops three principal lines of inquiry.
The first concerns the historical movement from celestial appearance to political imagination. It

examines cosmological order, aesthetic experience, sacredness, symbolic centrality, calendrical authority,
and the political construction of common time and space.

The second concerns reciprocal transformation. Political institutions organize astronomical knowl-
edge, while changing astronomical knowledge modifies the conceptual resources through which political
order can be understood. This line of inquiry includes the co-evolution of observatories, standards, sci-
entific authority, state capacity, and political imaginaries.
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The third concerns contemporary and future reversal. As human capacities extend toward active
intervention in celestial environments, governance and ethical theory increasingly shape astronomy and
space activity. Planetary protection, astronomical commons, planetary defense, and extraterrestrial en-
vironmental responsibility enter this final movement.

Several philosophical questions connect these lines. The paper examines the relation among or-
der, beauty, virtue, legitimacy, and political rationality; the possibility of identifying invariants of order
across changing cosmologies; the historicity of political appearance; the relation between sequential and
quotient-dependent accounts of historical development; and the responsibilities created when observa-
tion becomes intervention.

The paper maintains a methodological distinction between historical influence and philosophical
inspiration. A historical claim concerns relations supported by evidence concerning institutions, texts,
practices, and political developments. A philosophical inspiration concerns a conceptual question made
salient through astronomy whose relevance to political theory requires independent argument. Keeping
these forms of relation distinct prevents historical analogy from substituting for evidence and prevents
physical structure from being treated as a direct political norm.

The inquiry also maintains a distinction between reciprocal influence and normative endorsement.
The historical fact that a political order drew legitimacy from celestial symbolism does not establish
the legitimacy of that order. The historical importance of scientific rationality does not establish that
formalization alone defines good governance. The contemporary attraction of relational and generative
models similarly requires independent normative assessment.

These distinctions support the paper’s broader philosophical stance. Astronomy and politics form
a long historical relation in which each has contributed to the conditions through which the other be-
comes visible, intelligible, and actionable. The significance of that relation lies in its transformations.
Celestial order has been perceived, aestheticized, ritualized, measured, mathematized, standardized, and
increasingly intervened upon. Political order has likewise been legitimated, coordinated, spatialized,
temporalized, and reconsidered through changing relations with the heavens.

The sections that follow trace these transformations from celestial political imagination through cal-
endrical and spatial infrastructures, the co-evolution of astronomical knowledge and political authority,
changing regimes of political appearance, modern challenges to inherited assumptions of order, and the
emerging political responsibility associated with governing human activity beyond the Earth.

2 Celestial Order and the Political Imagination

This section examines the processes through which celestial phenomena become available to political
imagination. Its role is to distinguish astronomical structure from the political meanings historically
generated through its observation and interpretation. The discussion proceeds through several analyti-
cal dimensions: the perceptual salience of the visible heavens, polar centrality in early Chinese political
thought, celestial prognosis in Mesopotamian court knowledge, the relation among cosmic order, beauty,
and normative projection, the political significance of celestial scale and totality, and the aesthetic medi-
ation through which some forms of order become especially intelligible. The final parts emphasize the
historical variability of celestial meaning and establish methodological boundaries for later comparisons
between astronomical and political order.

2.1 Celestial Perception and Political Imagination

Celestial phenomena possess several perceptual properties that make them especially available to politi-
cal imagination. The visible sky presents regularity across long periods, large-scale spatial organization,
repeated cycles, directional reference, striking differences between apparent motion and relative stabil-
ity, and a scale far exceeding ordinary human action. These properties can become politically significant
when they enter symbolic, religious, aesthetic, or philosophical systems through which collective order
is interpreted.
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The political importance of such perception does not arise automatically from astronomical structure.
A periodic celestial motion contains no intrinsic constitutional instruction. A polar configuration does not
independently determine a political center. A visible hierarchy of brightness does not carry a pre-given
theory of political rank. Celestial structures become politically effective through historically generated
relations among observation, interpretation, institutions, language, ritual, and political authority.

This mediation is important because political communities rarely encounter their own order as a
directly visible totality. The state, economy, legal system, class structure, or international order extends
beyond the immediate experience of any one participant. Celestial phenomena can provide perceptible
forms through which large-scale order becomes imaginable. A relatively stable center surrounded by
visible motion, a repeated seasonal cycle, or a patterned night sky can become a symbolic resource for
thinking about continuity, orientation, hierarchy, or coordination.

Taylor’s concept of the social imaginary is relevant to this process because it directs attention to-
ward the broader forms through which people imagine their collective existence, social relations, and
normative expectations [58]. Celestial imagery can enter such imaginaries without functioning as a lit-
eral institutional blueprint. Its political significance lies in the way it contributes to the perceptual and
symbolic resources through which collective relations become intelligible.

This distinction also permits a more precise treatment of astronomical influence. Political thought
can borrow an image of centrality without adopting the physical mechanism associated with that image.
A polity can use celestial cycles as symbols of continuity while organizing its institutions through histori-
cally unrelated mechanisms. Astronomical inspiration therefore operates through selective interpretation
rather than complete structural transfer.

The same celestial phenomenon can consequently support different political meanings across histor-
ical contexts. Apparent stability can be associated with virtue, permanence, sacredness, or institutional
continuity. Vastness can support transcendence in one interpretive order and humility in another. Celes-
tial regularity can support ritual synchronization, scientific prediction, or aesthetic admiration. Political
meaning emerges through the relations that connect perception to historically available forms of inter-
pretation.

2.2 Polar Centrality in Early Chinese Political Thought

Early Chinese political thought provides one of the clearest historical examples of celestial centrality
becoming politically meaningful. The northern circumpolar sky acquired long-lasting cosmological and
political significance, and the celestial pole became associated with spatial orientation, sacred centrality,
rulership, and the organization of terrestrial order.

Pankenier’s study of the cosmic center in early China argues that astronomical orientation shaped
high-value structures centuries before imperial unification and that the identification of the imperial cen-
ter with the celestial pole became materially expressed in the orientation of early capitals [39]. His
broader account of early Chinese astronomy and cosmology likewise traces the significance of the cir-
cumpolar region and polar symbolism in the development of political and cosmological thought [40].

The Analects provides a particularly concise political use of this celestial image. In Analects 2.1,
governance through virtue is compared with the North Star remaining in its place while the other stars
orient themselves around it [5]. The passage condenses several properties into one political represen-
tation: relative stability, central position, surrounding motion, and order generated through orientation
toward the center.

The political significance of the passage lies partly in the form of authority it represents. The celestial
image gives visible structure to a conception of rule in which the ruler’s virtue provides a stable center
of orientation. The analogy does not merely describe spatial hierarchy. It relates the quality of the center
to the pattern formed by surrounding actors.

This relation also gives the astronomical image an aesthetic dimension. The political order appears
as coordinated rather than arbitrary, centered rather than dispersed, and stable without requiring constant
visible motion by the center itself. The image condenses a political aspiration into a perceptible celestial
structure.
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Pankenier’s analysis of early Chinese cosmic centrality adds historical depth to this philosophical use.
The celestial pole and circumpolar region were associated with sacred and political centrality within a
much wider system of orientation, architecture, calendrical practice, and cosmological interpretation
[39, 40]. The political image therefore belonged to an established field of celestial meaning rather than
functioning as an isolated literary metaphor.

The same history also illustrates the importance of avoiding one-to-one identification between mod-
ern astronomical objects and traditional political symbols. The historical categories of the celestial pole,
the northern circumpolar region, the Purple Forbidden Enclosure, and particular stellar designations de-
veloped within changing astronomical traditions. Their political significance should therefore be recon-
structed through the historical systems in which they operated rather than translated directly into one
modern stellar name.

The early Chinese case demonstrates a general structure developed throughout this paper. Celestial
perception provides a relational pattern. Historical interpretation assigns symbolic significance to that
pattern. Political thought then uses the interpreted pattern to make authority and order intelligible. Polit-
ical institutions can subsequently materialize the same cosmological orientation through capitals, ritual,
architecture, and calendrical practice.

2.3 Celestial Prognosis in Mesopotamian Court Knowledge

Mesopotamian celestial scholarship illustrates a different relation between the heavens and political imag-
ination. The principal structure is less centered on the visual analogy between one celestial arrangement
and one political order and more centered on the heavens as a field of politically consequential signs.

Rochberg’s analysis of Mesopotamian celestial science shows that celestial divination, mathematical
astronomy, observation, and scholarly interpretation developed within closely related learned practices
[45]. Neo-Assyrian court scholars involved in celestial and other divinatory sciences participated in
relationships that were simultaneously political and religious, while traditional celestial omen literature
addressed matters concerning the king and the state [45].

The political role of the heavens in this setting concerns the relation between celestial events and ter-
restrial uncertainty. War, royal fortune, agricultural conditions, environmental events, and other matters
of collective consequence could enter a system of interpretation inwhich celestial phenomena contributed
to prognosis and political decision.

This structure differs from the use of celestial centrality as a direct image of desirable political order.
The sky becomes politically relevant as an epistemic field. Observation and interpretation contribute to
judgments concerning events whose consequences matter to the ruler and political community.

The case therefore expands the meaning of astronomical political imagination. Celestial phenomena
can provide models of order, and they can also become sources of politically authoritative evidence. The
heavens enter politics through epistemology as well as symbolism.

The distinction is important for the later historical development of astronomy. Mathematical predic-
tion, observational regularity, and archival continuity can gradually change the form of authority attached
to celestial knowledge. The relation between observation and political decision can persist even as the
interpretive systems governing that relation change substantially.

Mesopotamian celestial prognosis also highlights the political significance of specialized interpreters.
The heavens do not speak to political institutions without mediation. Scholars, scribes, observational tra-
ditions, textual archives, and institutional access shape which celestial events become politically legible.
Authority over interpretation therefore becomes part of the political relation with the sky.

This mediating role anticipates a wider theme of the paper. Astronomical knowledge repeatedly en-
ters politics through institutions that select, interpret, standardize, and communicate observations. The
political effect of celestial knowledge depends upon the historical organization of those mediating rela-
tions.
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2.4 Cosmic Order, Beauty, and Normative Projection

Celestial order can acquire political significance through aesthetic and normative projection. The per-
ceived beauty, regularity, or intelligibility of a cosmic arrangement can make that arrangement available
as a model of harmony, rationality, virtue, or proper order. The transition from perception to normative
significance, however, requires interpretation.

Plato’s Timaeus provides an influential philosophical articulation of the connection among cosmic
order, beauty, rationality, and goodness. The dialogue presents the cosmos as an ordered whole shaped
according to intelligible and mathematical relations and repeatedly treats cosmic order as connected to
beauty and rational purposiveness [42]. The philosophical importance of this structure extends beyond
astronomy narrowly understood. The ordered cosmos becomes a reference point for thinking about
intelligibility, proportion, rational soul, and the relation between order and the good.

The history of Greek political philosophy also contains a broader relation between cosmic and po-
litical order. Ancient Greek thinkers often treated justice as a constituent of cosmic order, even as later
debates increasingly distinguished natural order from human convention [29]. The distinction between
physis and nomos already indicates a problem central to the present paper: political norms cannot be
derived from nature without an account of the interpretive and normative steps connecting the two.

The aesthetic force of cosmic order can nevertheless influence that interpretation. Regularity can
appear admirable before its political significance has been established. Symmetry, proportion, stability,
and comprehensibility can generate an experience of order whose normative associations extend beyond
astronomy.

The same structure creates a recurring danger in political thought. A beautifully ordered representa-
tion can acquire normative authority because its formal coherence is experienced as evidence of goodness.
Political hierarchy can appear natural because it resembles a perceived cosmic hierarchy. Uniformity can
appear desirable because it produces visual or conceptual regularity. Centrality can appear legitimate be-
cause it resembles an admired celestial center.

The reverse relation is also possible. A politically valued concept can shape the perception of cos-
mic order. A society organized around hierarchy can interpret celestial differences through hierarchical
categories. A scientific culture that values mathematical simplicity can experience formal unification as
a particularly powerful expression of cosmic beauty.

The relation between cosmic aesthetics and political normativity is therefore bidirectional. Political
values influence what is perceived as meaningful celestial order, while celestial appearance can provide
aesthetic resources through which political values become compelling.

The present paper treats this relation historically. It does not assign beauty a fixed political content.
The political significance of cosmic beauty depends upon the interpretive system through which beauty
appears.

2.5 Celestial Totality and Political Scale

The heavens also possess political significance through scale. Celestial observation confronts human
subjects with structures whose spatial and temporal extent exceeds ordinary political experience. The
resulting perception can support ideas of transcendence, totality, continuity, finitude, and collective lo-
cation within a larger order.

Political systems also depend upon representations of totality. A state must represent a population
larger than any one person’s direct social network. An empire must represent territories beyond direct
perception. An international order must imagine relations among distant societies whose interactions are
distributed across multiple institutions and timescales.

Celestial order can provide a particularly powerful perceptual resource for such large-scale imagina-
tion because the sky appears simultaneously shared and distant. Many observers can orient themselves
toward the same celestial phenomena even while occupying different terrestrial locations. The political
use of celestial reference can therefore connect local observation with large-scale coordination.
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Calendrical systems provide one practical expression of this relation and will be developed in the
following section. The repeated observation of celestial cycles allows dispersed communities to organize
activity around shared temporal references. Astronomical orientation also contributes to common spatial
reference systems.

The philosophical dimension extends beyond coordination. Celestial scale can alter the imagined re-
lation between the political community and the wider world. A polity can present itself as corresponding
to a cosmic order, occupying a sacred center, or participating in a universal structure. Modern astronomy
can produce a very different experience in which terrestrial political boundaries appear small relative to
planetary and cosmic scales.

Such shifts in scale can change the aesthetic and normative context of political thought. A politi-
cal conflict experienced as absolute within one social field can appear differently when placed within
planetary history. A state imagined as the center of a civilized world can appear differently within a
cosmology lacking a privileged terrestrial center.

Scale therefore functions as a mode of political reframing. Astronomy does not supply the normative
conclusion of that reframing. It changes the spatial and temporal context within which political claims
are perceived.

This point will become important in later sections addressing modern astronomy. The transforma-
tion from a politically significant celestial center to an astronomical universe containing no privileged
terrestrial center changes the conceptual environment available for political reflection even where no
direct institutional conclusion follows.

2.6 Aesthetic Mediation and Political Sensibility

The relation between celestial order and political imagination can be situated within a broader account
of political aesthetics. Political subjects encounter institutions, symbols, spaces, and representations
through perceptual forms that organize visibility, attention, and intelligibility.

Rancière’s account of the “distribution of the sensible” provides one important framework for under-
standing this relation. His political aesthetics concerns the organization of what becomes visible, sayable,
audible, thinkable, and politically possible within a shared world [43]. The present paper draws a lim-
ited implication from this broader theory: celestial phenomena can enter political life by changing the
sensible and symbolic forms through which collective order becomes perceivable.

The relevant aesthetic process includes more than visual beauty. Celestial regularity can create expec-
tations of predictability. Vastness can create a sense of transcendence. Repetition can support continuity.
Relative stillness can support stability. Mathematical representation can generate elegance and intelligi-
bility. Darkness, distance, and apparent infinity can produce experiences of limit and scale.

These experiences can contribute to political sensibility because political order also requires represen-
tations that exceed direct interpersonal relations. A central axis in architecture, a ceremonial calendar,
an imperial map, or a legal system can acquire aesthetic force by organizing complex relations into a
coherent perceptible form.

The connection between aesthetics and politics should remain analytically separated from normative
endorsement. Political forms that appear harmonious can generate domination. Irregular or contested
arrangements can support valuable pluralism. Aesthetic coherence supplies one mode of political intel-
ligibility whose normative consequences require independent examination.

This distinction becomes especially important where celestial imagery acquires sacred authority. The
beauty or stability of a celestial pattern can support a political representation whose legitimacy derives
partly from the experience of participating in a wider order. The political claim gains affective and
symbolic force before its institutional effects have been critically evaluated.

The historical study of astronomy and politics therefore benefits from treating aesthetic mediation
as one component within a larger relational process. Astronomical appearance, political symbolism,
institutional authority, and normative judgment interact while remaining analytically distinct.
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2.7 Historical Variability of Celestial Meaning

Celestial phenomena persist across periods in which their political meanings change substantially. The
same visible sky can enter different cosmologies, scientific theories, religious traditions, political institu-
tions, and aesthetic regimes. Astronomical continuity therefore coexists with interpretive transformation.

The changing meaning of the celestial pole in Chinese history illustrates this structure. Astronomical
orientation, sacred centrality, imperial symbolism, and later scholarly interpretation developed through
changing institutional and cosmological settings [39, 40]. The political significance of polar imagery
cannot therefore be reduced to one timeless symbolic code.

Mesopotamian celestial signs provide a comparable example. The relationship between celestial
phenomena, court scholarship, state concerns, and later horoscopic practice changed over centuries [45].
The heavens remained observable while the social organization and intended objects of interpretation
changed.

Modern astronomy produces a still more substantial reconfiguration. Apparent stellar fixity becomes
measurable motion. Celestial spheres give way to different astronomical models. The Earth loses its
privileged cosmological position. Time and simultaneity acquire more complex physical interpretations.
The universe itself becomes an evolving historical object.

These transformations alter the structures through which celestial order can appear politically mean-
ingful. A stable celestial center can support one form of political imagination. An expanding universe
can support another set of questions concerning scale, temporality, observation, and finite perspective.

Historical variability therefore applies to both astronomical knowledge and political judgment. A
political metaphor grounded in one astronomical model can persist after the scientific model has changed,
acquiring symbolic autonomy from its original cosmological context. Conversely, new astronomical
knowledge can generate political reflection whose significance depends upon contemporary problems
rather than ancient symbolic continuities.

The co-evolutionary framework introduced in Section 1 is designed to preserve this historical variabil-
ity. Celestial meaning emerges through relations among physical observation, scientific representation,
aesthetic experience, political institutions, and interpretive history.

2.8 Analytical Boundaries of Celestial-Political Interpretation

The historical richness of celestial political symbolism creates a risk of overinterpretation. The pres-
ence of a celestial image within political thought does not establish that astronomical structure caused
the political institution. Similar forms can arise independently, and political actors can select celestial
representations that fit prior political commitments.

The first analytical boundary therefore concerns causal direction. Historical evidence should distin-
guish cases in which astronomical institutions, observations, or cosmological doctrines materially shaped
political practice from cases in which celestial imagery provided symbolic expression for an already de-
veloping political relation.

The second boundary concerns structural transfer. A political analogy can preserve one visible prop-
erty of a celestial configuration while discarding the physical relations that generate it. The North Star
can function as a political image of stable virtue without implying that political authority operates through
gravitational dynamics. Political significance resides in the historical analogy rather than in complete
mechanistic correspondence.

The third boundary concerns normative inference. An admired natural order does not establish an
obligation to reproduce an analogous political order. Themovement from celestial description to political
prescription requires independent normative justification.

The fourth boundary concerns aesthetic inference. A celestial arrangement can appear beautiful,
sublime, harmonious, or intelligible without the associated political arrangement possessing the same
normative value. The history of political aesthetics demonstrates the practical force of such associations
while preserving the distinction between aesthetic salience and justice.
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The fifth boundary concerns historical specificity. Celestial concepts must be reconstructed through
the astronomical and political vocabularies of the period under study. Modern astronomical terminology
can obscure historical categories when projected backward without qualification.

These boundaries define the method used in the remainder of the paper. Astronomical phenomena are
examined as historically mediated sources of political imagination, epistemic infrastructure, and philo-
sophical reflection. Their political significance is established through historical relations and interpretive
practices rather than assumed from physical form alone.

The section has therefore identified the first major movement in the reciprocal history of astronomy
and politics: celestial phenomena become politically significant through perception, symbolic interpre-
tation, aesthetic experience, specialized knowledge, and institutional mediation. The following section
turns from celestial political imagination to one of its most consequential practical forms, the transfor-
mation of astronomical regularity into calendrical authority and common political time.

3 Calendars, Sovereignty, and the Construction of Political Time

This section examines the transformation of celestial regularity into socially and politically authoritative
time. Its role is to move from the symbolic political imagination considered in Section 2 toward the
institutional relations through which astronomy becomes a practical infrastructure of coordination. The
discussion proceeds through the mediation between astronomical cycles and calendrical systems, calen-
drical authority in early imperial China, calendar standardization in ancient empires, calendrical plurality
as a form of political differentiation, the development of standardized clock time, industrial and admin-
istrative temporal discipline, and the philosophical status of a common political present. The section
concludes by treating political time as a historically produced coordination structure grounded in astro-
nomical and physical regularities while remaining dependent upon institutions, standards, technologies,
and collective practices.

3.1 Astronomical Cycles and Calendrical Mediation

Calendars connect recurrent physical phenomena with socially organized temporal categories. The al-
ternation of day and night, lunar phases, seasonal changes, and the apparent annual motion of the Sun
provide observable temporal regularities. A political calendar selects, combines, names, counts, and
standardizes these regularities into a system suitable for collective use.

This mediation distinguishes astronomical recurrence from calendrical order. Celestial cycles pro-
vide physical constraints and observational resources, while calendars establish conventions concerning
beginnings, divisions, intercalations, named periods, commemorative structures, and official chronology.
The resulting temporal system is simultaneously astronomical, mathematical, social, and institutional.

Stern’s comparative history of ancient calendars emphasizes this social and political character. An-
cient calendrical systems were closely connected to the political structures governing the societies in
which they operated, and rulers frequently exercised authority over their determination and use [56].
Calendars functioned as instruments of coordination, expressions of political authority, and, in some
settings, resources for political differentiation or dissent [56].

The calendar therefore performs a translation between natural recurrence and collective temporal
order. An astronomical event can occur without political authorization. Its incorporation into a civil
calendar requires decisions concerning how the event is represented, how it is related to other cycles,
which institution possesses authority to announce the resulting temporal structure, and which practices
are coordinated through it.

This structure complicates a simple distinction between natural and social time. Political communi-
ties do not create the astronomical processes upon which many calendars depend. They create institu-
tional relations through which those processes become collectively actionable temporal references.

The resulting calendar can become deeply embedded in social practice. Taxes, rituals, agricultural
activities, legal obligations, administrative deadlines, festivals, military campaigns, contracts, and his-
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torical records can all depend upon commonly recognized dates. Calendrical authority therefore creates
interoperability among activities whose substantive purposes remain highly heterogeneous.

The philosophical importance of this transformation lies in the production of a shared temporal refer-
ence. Individuals and institutions experience different local events and social rhythms, while a calendar
allows those events to be positioned within one common temporal scheme. Political time begins to
function as a coordination layer across otherwise heterogeneous practices.

3.2 Calendrical Authority in Early Imperial China

Early imperial China provides a particularly clear historical example of the connection between astro-
nomical calculation, calendrical promulgation, and political authority. Calendrical astronomy became
part of the institutional machinery of the imperial state, and the ruler’s authority included a claim to
structure the temporal order presented to the population.

Cullen’s account of early imperial mathematical astronomy emphasizes that the state maintained spe-
cialists responsible for astronomical systems and calendrical calculation [8]. The imperial calendar was
therefore produced through sustained technical work involving observation, calculation, textual trans-
mission, bureaucratic organization, and political authorization.

The political importance of this activity extended beyond administrative convenience. Cullen de-
scribes the early imperial state as presenting itself as possessing the right to structure the time of its
subjects through the issuance of a luni-solar calendar [8]. By the end of the Han, astronomical special-
ists and their methods had become deeply incorporated into an imperial ideology in which the ruler bore
responsibility for granting the seasons to the people [8].

The relation among astronomy, political legitimacy, and calendrical authority can therefore be un-
derstood at several levels. Astronomical expertise produced predictions and temporal calculations. Bu-
reaucratic institutions stabilized that expertise. Imperial authority converted one astronomical system
into an official calendar. Social adoption then transformed technical calculation into a widely operative
temporal order.

Calendrical reform could consequently possess political meaning. A new astronomical system did
more than alter technical coefficients or methods of prediction. It could mark dynastic renewal, express
the ruler’s relation to cosmic order, and reorganize the official temporal framework through which ritual
and administration proceeded.

The Chinese case demonstrates a broader feature of political time: authority over temporal standards
can become a form of sovereignty. Political rule includes the capacity to determine which temporal
representation acquires official validity, which institution maintains it, and how collective activity is
synchronized through it.

This form of sovereignty differs from territorial control while interacting closely with it. A political
center capable of promulgating one calendar across a large territory creates a shared temporal reference
among populations whose local astronomical observations and social practices can differ. Temporal
coordination thereby contributes to the practical integration of political space.

3.3 Calendrical Standardization and Imperial Coordination

The political function of calendrical standardization extends beyond the Chinese case. Stern’s com-
parative study of ancient Mediterranean and Near Eastern calendars shows that changes in calendrical
structure were closely connected to transformations in political scale and imperial organization [56].

Ancient calendars displayed substantial diversity, including lunar, luni-solar, and fixed solar systems.
Their development cannot be represented as a simple sequence in which technical improvement progres-
sively eliminated less accurate systems. Stern argues that the increasing prominence of fixed calendars
during the first millennium BCE was deeply connected to political and social changes accompanying
extensive imperial formations [56].

Fixed calendrical systems offered particular administrative advantages for large political units. Pre-
dictable dates could facilitate taxation, military planning, official correspondence, festivals, legal ad-
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ministration, and the coordination of dispersed institutions. Standardization reduced the dependence of
official scheduling upon local observation and discretionary temporal decisions.

The historical spread of the Egyptian calendar and related fixed systems illustrates this interaction
between calendrical form and political scale. Stern traces the appropriation and adaptation of fixed
calendrical structures within Persian, Ptolemaic, and Roman imperial settings and connects the Julian
calendar to this broader history of political and administrative transformation [56].

The political significance of standardization is therefore relational. Calendar uniformity enables ac-
tors distributed across space to coordinate their activities through a shared temporal representation. The
larger and more complex the political system becomes, the more consequential such temporal interoper-
ability can become.

Standardization also contributes to cultural and political cohesion. Shared dates structure collective
festivals, anniversaries, administrative cycles, and historical memory. A calendar can therefore organize
both practical coordination and symbolic membership.

This dual role gives calendrical order a distinctive political power. It coordinates action while si-
multaneously supplying a common temporal frame through which a political community locates itself in
history.

3.4 Calendrical Plurality and Political Differentiation

Temporal standardization can support political integration, while calendrical difference can support polit-
ical differentiation. Calendars can therefore become sites in which authority, identity, religious practice,
and political independence are contested.

Stern’s analysis of antiquity documents cases in which calendar diversity persisted within or against
larger imperial systems and could function as an expression of local autonomy, communal distinction, or
political dissidence [56]. Later disputes concerning calendrical practice could also acquire sectarian and
religious significance.

Calendrical plurality demonstrates that common political time is never solely a technical solution
to coordination. A temporal system can carry historical, ritual, religious, and political commitments.
Adoption of another authority’s calendar can therefore signify more than practical convenience.

The political meaning of plurality depends upon the relations in which the calendar operates. Multi-
ple calendars can coexist through translation where institutions possess mechanisms for interoperability.
Calendar difference can become politically contentious where temporal standards are tied closely to
sovereignty, religious authority, administrative obligation, or collective identity.

This tension anticipates a problem that recurs throughout the history of standardization. Common
standards increase interoperability by reducing variation at an interface. The same reduction can displace
locally meaningful practices or concentrate authority in the institution that defines the standard.

Political time therefore contains a recurring problem of scale. Local communities can organize ac-
tivity through temporal systems closely connected to their own practices, while larger political systems
benefit from temporal coordination across local boundaries. The institutional challenge concerns the
relation between shared temporal interfaces and heterogeneous local temporal orders.

Calendrical plurality also demonstrates that political integration need not require complete temporal
homogeneity. Translation among temporal systems can support coordination where a single calendar
does not possess universal authority. Historical societies have repeatedly developed mechanisms for
relating different calendrical schemes.

The broader governance implication is important for later sections of the paper. Political coordination
can emerge through common interfaces among heterogeneous systems rather than through complete
internal uniformity.

3.5 Social Rhythms and Institutional Time

Calendars coordinate long temporal intervals, while political and social life also depends upon schedules,
routines, work cycles, institutional openings, ritual sequences, and recurring periods of collective activity.
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Political time therefore operates through nested rhythms as well as dates.
Zerubavel’s sociology of time emphasizes the role of schedules and calendars in organizing social

life [67]. Temporal structures create socially recognized rhythms throughwhich otherwise heterogeneous
activities become coordinated. Such rhythms can acquire a degree of taken-for-granted naturalness even
where their specific organization depends upon social convention.

The distinction between astronomical and socially instituted cycles becomes especially clear in the
case of the week. Days, months, and years possess relations to observable astronomical regularities,
while the seven-day week is a socially institutionalized temporal cycle whose persistence depends upon
collective practice rather than one direct astronomical period [68].

Political time therefore combines temporal structures with different relations to physical recurrence.
Some derive closely from astronomical cycles. Others are conventional systems stabilized through reli-
gion, law, administration, commerce, and social habit. Their interaction produces the practical temporal
environment through which political subjects organize everyday life.

Institutional rhythms also distribute social opportunity. Working days, holidays, electoral cycles,
school calendars, fiscal years, parliamentary sessions, and administrative deadlines determine when par-
ticular forms of action can occur. Temporal order therefore allocates access as well as coordination.

This allocation gives schedules a political dimension. An institution can make some forms of partic-
ipation easier by synchronizing actors around shared intervals. It can make other forms of participation
difficult where official rhythms conflict with work, care, religious, or local temporal practices.

Political time consequently becomes a relational infrastructure connecting actors through coordinated
expectations. The temporal system shapes who can interact, when institutions become available, how
long decisions remain open, and when obligations become due.

3.6 Clock Time and Industrial Discipline

The development and spread of precise clock time transformed the political and economic significance
of temporal coordination. Increasingly precise timekeeping supported forms of labor organization, trans-
portation, administration, communication, andmeasurement whose operation depended uponmore exact
synchronization than many earlier social rhythms required.

Thompson’s influential study of time, work discipline, and industrial capitalism analyzes the histori-
cal relation between changing perceptions of time and changing labor discipline during industrialization
[59]. His account traces a movement from forms of work organized more closely around tasks toward
labor increasingly structured through measured clock time.

The importance of this transformation extends beyond the workplace. Clock time allows labor, trans-
port, administration, and communication to be represented through a common quantitative temporal scale.
Time becomes divisible, comparable, allocable, and exchangeable with increasing precision.

This symbolic and technical regularity acquires political significance because institutions can use
common clock time to regulate dispersed actors. Factory rules, school timetables, military schedules,
transport systems, public services, and bureaucratic procedures can coordinate activity through the same
temporal units.

The resulting order also changes the experience of political temporality. Deadlines, working hours,
waiting periods, voting periods, legal limitation periods, and administrative appointments become in-
creasingly dependent upon measured time rather than local environmental or task-based completion.

The spread of clock discipline therefore represents more than technical improvement in measurement.
It reorganizes relations among labor, authority, mobility, and institutional coordination.

This historical transformation also contributes to a new aesthetic and epistemic appearance of rational
governance. Precisely scheduled institutions can appear orderly, predictable, and efficient. Temporal
regularity becomes a visible component of administrative rationality.

The normative consequences remain heterogeneous. Precise scheduling can protect workers through
limits on working time, coordinate public services, and reduce arbitrary administration. The same tem-
poral infrastructure can intensify monitoring and discipline. Political evaluation therefore concerns the
relations organized through temporal precision rather than precision alone.
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3.7 Standard Time and Networked Coordination

Precise local clock time becomes a different political object when communication and transportation net-
works require synchronization across distance. The nineteenth-century development of British standard
time provides a particularly clear example of astronomical observation becoming networked temporal
infrastructure.

Local mean solar times differ with longitude. Before large-scale transport and communication net-
works required close synchronization, these differences could remain practically manageable. The rapid
expansion of railways and telegraphy increased the coordination costs of local temporal plurality.

Greenwich Mean Time provided a standard capable of organizing these networks. Royal Museums
Greenwich documents the adoption of Greenwich time by British railway companies during the nine-
teenth century, its widespread use across public clocks by the mid-century, and its establishment as
Britain’s legal standard time in 1880 [48].

Rooney and Nye’s historical analysis emphasizes that the spread of standardized time involved a
complex network of observatory practice, electrical distribution, commercial organizations, regulation,
and public use [46]. The Royal Observatory functioned as a source of authoritative time, while telegraph
and electrical systems transmitted temporal standards into workplaces, businesses, transport systems,
and public life.

The resulting common time was therefore neither a simple astronomical datum nor a purely political
convention. Astronomical observation supplied the reference, precision timekeeping stabilized the mea-
surement, communication infrastructure distributed it, institutions adopted it, and law eventually gave
the standard formal authority.

This sequence demonstrates the infrastructural production of temporal simultaneity. Distant institu-
tions can act as though they occupy one shared temporal present because observational, technological,
and political systems maintain a common temporal reference among them.

The historical achievement is easy to overlook once standard time becomes ordinary. Modern politi-
cal institutions routinely specify one moment for the opening of markets, departure of trains, commence-
ment of legal rules, release of information, or execution of administrative procedures. Such coordination
depends upon temporal infrastructures that were historically constructed.

Standard time also creates a distinctive relation between central authority and distributed practice.
A standard maintained at one reference institution can coordinate numerous actors without directing
the substantive content of their activities. Temporal standardization therefore provides an example of
governance through a common interface.

This form of coordination will become important later in the paper’s discussion of heterogeneous
systems. Political order can sometimes arise through agreement upon standards of interaction while
preserving substantial autonomy within the systems connected by those standards.

3.8 The Common Political Present

Calendars and standardized time make possible a powerful institutional construction: the common polit-
ical present. A state can declare that one law takes effect on a specified date and time across an entire
jurisdiction. An election can be organized through shared temporal intervals. Markets can open accord-
ing to synchronized clocks. Administrative records can assign events to a common chronology.

The common political present possesses practical reality because institutions coordinate action through
it. Its reality is therefore relational and infrastructural. Actors align their conduct around the same tem-
poral reference, and the reference becomes consequential through law, communication, technology, and
repeated practice.

This observation changes the philosophical status of political simultaneity. Shared political time
should not be treated solely as an obvious background condition inherited from physical reality. It is also
an institutional achievement.

Astronomical regularities contribute to the historical construction of this achievement, while polit-
ical institutions determine the form through which the regularities become collectively operative. Cal-
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endar promulgation, clock standardization, communication networks, and legal adoption progressively
increase the scale across which temporal coordination becomes possible.

The distinction between common coordinate time and common social state remains important. Two
communities can use the same official clock while possessing different institutional rhythms, cultural
expectations, political memories, and stages of social transformation. Legal simultaneity therefore does
not require social or cultural simultaneity.

This difference provides an important bridge to later philosophical sections. A law can become for-
mally effective everywhere within a jurisdiction at one institutional moment while the norms, practices,
and relations affected by the law evolve at different rates. Political institutions can synchronize temporal
references more readily than they can synchronize social meaning.

The history of political time therefore reveals both a major governance achievement and its boundary.
Astronomical and technical infrastructures allow large political systems to coordinate heterogeneous
actors within one temporal framework. The framework does not erase the heterogeneous temporalities
of the social systems coordinated through it.

3.9 Temporal Standards and Political Authority

Temporal standards create authority because collective coordination depends upon confidence that the
standard will remain stable, interpretable, andwidely recognized. The institution responsible for defining
or maintaining time therefore occupies a distinctive position within the temporal infrastructure.

Calendrical authority in imperial China and standard-time authority in modern Britain arose through
very different political and scientific systems. Both cases demonstrate that temporal coordination re-
quires institutional legitimacy. A calendar or clock standard becomes politically effective when actors
organize their expectations around it.

Authority over time can operate through direct promulgation, technical expertise, infrastructure, law,
or network dependence. Imperial calendrical authority relied heavily upon centralized promulgation
and cosmological legitimacy. Modern standard time relied increasingly upon scientific measurement,
communication networks, transport systems, public adoption, and legal recognition.

The historical shift also changes the form in which temporal authority appears. A ruler who grants
the calendar and an observatory that supplies a technically standardized time signal possess very different
forms of legitimacy. The first can be embedded in sacred and dynastic order. The second can appear
impersonal, scientific, and infrastructural.

This contrast illustrates the paper’s broader argument concerning changing regimes of political ap-
pearance. Scientific authority can replace some functions previously attached to sacred political authority
while acquiring its own forms of trust, symbolic force, institutional centrality, and aesthetic regularity.

The contrast should not be organized as a simple transition from irrational to rational temporal gover-
nance. Each system operates through historically specific relations of knowledge, authority, technology,
and collective recognition. Modern standards achieve extraordinary precision and scale while remaining
dependent upon institutions whose authority is socially organized.

Temporal governance therefore provides a particularly clear domain in which scientific rationality
and political authority become interdependent. Scientific institutions generate and maintain standards,
while political and social institutions determine their jurisdiction, adoption, practical consequences, and
legal force.

3.10 Political Time as a Relational Infrastructure

The historical developments examined in this section support a relational conception of political time.
Astronomical recurrence supplies observable regularities. Calendrical systems convert those regularities
into shared dates. Clocks increase temporal precision. Communication networks distribute temporal
standards. Political and legal institutions give those standards authoritative consequences. Repeated
social use embeds them in everyday coordination.
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Political time therefore emerges through relations among physical processes, observation, calcula-
tion, technology, institutions, law, and social practice. Removing any one layer can alter the form or
scale of temporal coordination.

This relational account avoids treating political time as either a direct copy of natural time or an
arbitrary social invention. Natural regularities constrain and enable temporal systems, while political
institutions determine how those regularities are translated into collective temporal order.

The account also clarifies why temporal standards possess political power. Common time lowers
coordination costs across heterogeneous activities. It makes possible large-scale scheduling, common
deadlines, synchronized transport, shared administrative cycles, and temporally precise legal obligations.

The same coordination creates dependence upon common standards. A political system that relies
heavily upon synchronized infrastructure becomes vulnerable to failures in time distribution, disagree-
ment over standards, and exclusion of temporal practices weakly represented by the dominant system.

Political time therefore combines coordination and constraint. Its normative evaluation depends upon
the relations enabled and restricted through the common temporal interface.

The historical transformation from celestial cycle to political time also illustrates the co-evolutionary
structure introduced in Section 1. Astronomical observation becomes institutional time. Institutional
time enables new forms of political coordination and scientific activity. Those forms generate demands
for greater precision, standardization, and wider temporal interoperability.

The resulting history prepares the next stage of the paper. Calendrical and temporal systems orga-
nize when political activity occurs. Astronomy also participated in the historical construction of political
space by supporting orientation, navigation, longitude determination, mapping, and long-distance mobil-
ity. The following section therefore turns from the temporal ordering of political life to the relation
among astronomy, navigation, measurement, and the spatial expansion of political order.

4 Astronomy, Navigation, and the Spatial Expansion of Political Order

This section examines the relation between astronomical knowledge and the historical expansion of po-
litical capacity across space. Its role is to extend the analysis of temporal coordination developed in
Section 3 into the spatial domain. The discussion proceeds through astronomical orientation at sea, the
longitude problem, state-supported navigation, the production of nautical ephemerides, the conversion
of observation into geographical reference, the relation between surveying and imperial administration,
observatories as nodes of geographical management, and the political significance of common spatial
standards. The section concludes by treating astronomical navigation and mapping as relational infras-
tructures through which distant locations become increasingly locatable, comparable, and administra-
tively connected.

4.1 Astronomical Orientation and Maritime Mobility

Long-distance maritime movement creates a basic epistemic problem: a mobile observer must determine
position without continuous access to familiar terrestrial landmarks. Celestial observation provides one
historically important response because the positions and motions of astronomical objects can serve as
relatively stable references across large geographical distances.

Latitude presented a comparatively tractable problem because observations of the altitude of the Sun
or suitable stars could be related to north–south position. Longitude created greater difficulty because
east–west position required knowledge of the difference between local time and a reference time. The
practical problem therefore connected celestial observation, timekeeping, mathematics, instruments, and
geographical representation.

The history of navigation demonstrates that astronomical knowledge acquires political significance
when embedded in systems of mobility. A celestial observation made aboard a vessel becomes oper-
ationally useful through tables, instruments, computational procedures, charts, trained navigators, and
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shared reference conventions. Navigation is therefore a distributed epistemic practice rather than a direct
reading of position from the sky.

The political implications arise from the activities supported by reliable mobility. Maritime com-
merce, naval operations, diplomatic communication, exploration, migration, colonial expansion, and
long-distance administration all depend to varying degrees upon the capacity to move through and rep-
resent space. Improvements in navigation can therefore become components of wider political transfor-
mations.

The relation should be interpreted as infrastructural. Astronomical navigation does not determine
the political purpose of a voyage. The same navigational knowledge can support commerce, warfare,
scientific exploration, fishing, or migration. Its political importance lies in expanding the reliability and
scale of spatial action available to organized institutions.

This structure parallels the temporal infrastructure discussed in the previous section. Calendrical and
clock standards allow heterogeneous actors to locate activities within a common temporal frame. Astro-
nomical navigation allows mobile actors to locate themselves within increasingly standardized spatial
frames. Time and space thereby become objects of coordinated political representation.

4.2 Longitude and the Politics of Position

The longitude problem provides an especially clear case in which an astronomical and technical problem
acquired major political and economic importance. Determining longitude at sea required a reliable
relation among local astronomical observation, a reference meridian, accurate time or lunar prediction,
and practical calculation.

The historical roots of the British longitude initiatives extended across earlier developments in nav-
igation, astronomy, instrumentation, timekeeping, and geographical measurement. Baker’s account of
the period before the Longitude Act of 1714 emphasizes both this longer technical history and the con-
vergence of political and national interests that transformed longitude into a problem supported through
legislation and public rewards [1].

The problem is philosophically significant because longitude converts geographical position into a
relational quantity. A vessel’s east–west location becomes meaningful relative to a reference meridian
and a common temporal standard. Position therefore depends upon a reference system whose practical
authority must be collectively recognized.

The political significance of such a system increases with the scale of mobility. A locally sufficient
geographical vocabulary becomes inadequate for a ship moving across oceans. Long-distance navigation
requires interfaces that remain usable across changing local environments.

The search for longitude consequently brought together actors occupying different institutional po-
sitions: astronomers, mathematicians, navigators, instrument makers, clockmakers, state officials, naval
institutions, merchants, and legislators. The resulting solution space was therefore organizational as well
as scientific.

The British case also illustrates the political production of a scientific problem. Longitude existed
as a practical navigational difficulty before the creation of the Board of Longitude. Legislation, rewards,
testing procedures, institutional judgment, and state patronage transformed the problem into a sustained
programme of organized innovation [1].

This process demonstrates a recurring pattern in the astronomy–politics relation. Political institu-
tions can identify a scientific or technical problem as strategically important, allocate resources to it,
establish procedures for evaluating proposed solutions, and thereby reshape the conditions under which
astronomical knowledge develops.

4.3 State-Supported Navigation and the Board of Longitude

TheBritish Board of Longitude provides a particularly rich example of institutionalmediation between as-
tronomy, technological innovation, navigation, and political expansion. Established through eighteenth-
century legislation associated with rewards for determining longitude at sea, the Board developed into
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an important institution supporting navigators, instrument makers, clockmakers, surveyors, astronomical
computation, and exploratory projects [1].

The Board’s history complicates any simple account in which a single invention solved the longitude
problem. Competing methods, instruments, astronomical tables, sea trials, administrative judgments,
rewards, and institutional controversies contributed to a long process through which navigational tech-
niques became reliable enough for widespread use [1].

The institution therefore functioned as an interface among several systems of knowledge. Astronom-
ical observation produced data concerning celestial motion. Instrument makers translated observational
requirements into physical devices. Mathematical computers transformed theory and observation into us-
able tables. Navigators tested methods under maritime conditions. Political institutions allocated funds
and established standards of evaluation.

This heterogeneous organization is important for the paper’s broader argument. The expansion of
navigational capacity did not require every participant to share one internal practice. Astronomers, clock-
makers, administrators, and seafarers operated through different professional routines and timescales.
Coordination emerged through interfaces that allowed outputs from one system to become inputs to an-
other.

TheBoard also linked scientific innovationwithwider imperial and exploratory activities. Its archival
history includes involvement in Pacific and Arctic exploration and in colonial scientific projects [1]. The
relation between navigation and empire therefore developed through institutions connecting scientific
knowledge, state resources, maritime movement, and geographical ambition.

The political significance of the Board should be understood within this wider network. Reliable nav-
igation expanded the capacity of vessels to move, communicate, survey, and return. Political institutions
then incorporated those capacities into commercial, naval, scientific, and imperial projects.

The historical case thereby illustrates a broader principle: spatial political capacity can depend upon
epistemic infrastructures whose organizational complexity is largely invisible in the final act of naviga-
tion.

4.4 Nautical Ephemerides as Distributed Infrastructure

Astronomical navigation requires celestial prediction to become available in a form usable far from the
observatory where the relevant observations and calculations were produced. The nautical almanac pro-
vides a particularly clear example of this transformation from centralized astronomical work into dis-
tributed practical infrastructure.

Forbes’s account of the early Nautical Almanac describes the convergence of improved instruments,
more accurate lunar tables, and Nevil Maskelyne’s efforts to publish solar and lunar ephemerides suitable
for the lunar-distance method of longitude determination [15]. The first Nautical Almanac was printed
under Maskelyne’s supervision in 1766 for the year 1767 and distributed for practical maritime use [15].

The production of such an almanac required substantial organizational labor. Astronomical observa-
tions and theories had to be transformed into predictions, predictions into tables, and tables into printed
objects whose format could support calculation aboard ships. The infrastructure therefore connected
observatories, mathematical computation, publishing, instruments, training, and maritime practice.

Recent research on the Board of Longitude emphasizes the organizational complexity of producing
the Nautical Almanac. Maskelyne directed groups of mathematical computers and comparers whose
work generated tables years in advance, while the Board managed the financial and administrative de-
mands of the publication [1].

The political importance of the almanac lies in the portability of astronomical knowledge. A navi-
gator operating far from Greenwich could carry a material representation of predicted celestial relations
produced through a distant scientific institution. Astronomical infrastructure thereby extended beyond
the physical observatory.

This portability creates a distinctive relation between central knowledge production and distributed
action. The navigator retains substantial local agency, while the calculations used for orientation depend
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upon standardized knowledge produced elsewhere. The relationship resembles later infrastructures in
which central standards support decentralized operation.

The almanac also demonstrates that spatial expansion depends upon temporal prediction. A navigator
determines present geographical position through tables calculated from predicted celestial positions at
specified times. Temporal and spatial infrastructures are therefore deeply coupled.

The transformation of astronomy into navigation consequently required more than observational ac-
curacy. Knowledge had to become standardized, reproducible, portable, interpretable, and compatible
with instruments and procedures used by actors operating at distance.

4.5 Geographical Representation and Spatial Legibility

Navigation locates a moving observer. Political administration additionally requires representation of lo-
cations and relations among locations. Charts, maps, surveys, geodetic networks, and coordinate systems
transform spatial experience into representations that can circulate among institutions.

Spatial representation creates a form of political legibility. Distances, boundaries, routes, settlements,
resources, administrative divisions, and topographical relations become available for comparison and
planning through a shared representational system.

Astronomical observation participates in this process by providing orientation and positional refer-
ence. Determination of latitude, longitude, and meridian relations helps connect local observations to
wider geographical frameworks. The resulting spatial representation combines astronomical, terrestrial,
instrumental, and mathematical practices.

The transformation from lived space to mapped space is analytically significant. A territory repre-
sented on a map becomes available to actors who are physically absent from it. Administrative decisions
can therefore be made through representations that condense spatial relations into portable documents.

This capacity has both epistemic and political consequences. Mapping can improve navigation, dis-
aster response, infrastructure planning, taxation, scientific study, and public administration. The same
representational capacity can support military movement, extraction, surveillance, territorial claims, and
colonial administration.

The political significance of mapping therefore arises from the relations in which representation is
used. Spatial legibility expands the capacity of institutions to coordinate activity across distance while
also changing the balance between local knowledge and centralized representation.

Maps also carry classificatory decisions. A representation selects boundaries, names places, distin-
guishes relevant objects, and assigns spatial relations. Spatial order becomes visible through categories
produced by institutions and mapping practices.

The history of cartography therefore parallels the paper’s earlier discussion of time. Political in-
stitutions establish common spatial representations in order to coordinate heterogeneous local realities.
The resulting common space is operationally powerful while remaining a constructed representation of
a more complex relational environment.

4.6 Surveying and the Construction of Imperial Space

The relation between mapping and political authority becomes particularly visible in imperial surveying.
Territorial expansion creates administrative problems concerning location, boundaries, taxation, commu-
nication, transportation, military movement, property, and the representation of heterogeneous regions
within a common political framework.

Edney’s Mapping an Empire provides a major historical analysis of this relation in British India.
His study examines how modern survey practices contributed to the production of a spatial image of
British India and became intertwined with the ideological, technological, and administrative practices of
imperial rule [11]. The history includes surveying, triangulation, institutional organization, archives, and
the attempt to produce systematic geographical knowledge across a vast and politically heterogeneous
territory [11].
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The case demonstrates that mapped political space must be produced through practice. Administra-
tors do not encounter an empire as a complete spatial object available from a single viewpoint. Survey
teams gather observations in local settings. Instruments relate those observations through standardized
procedures. Archives aggregate results. Maps assemble them into wider spatial representations.

Political territory therefore becomes legible through a distributed chain of measurement and repre-
sentation. The final map can appear unified even though the knowledge underlying it was produced
through heterogeneous local encounters and institutional processes.

This transformation has important epistemic consequences. The map can make the territory appear
more coherent and internally comparable than the administrative experience of local regions. Standard-
ized representation can thereby support the imagination of a political whole.

The same coherence can obscure relations excluded from the mapping process. Local forms of land
use, culturally specific spatial meanings, informal boundaries, mobility patterns, and relations that resist
standardized classification can receive weaker representation.

Edney’s account therefore supports a broader philosophical point concerning political space. Spatial
representation increases administrative capacity by reducing heterogeneous territories to interoperable
forms of knowledge. The reduction generates political power and epistemic limitations at the same time.

Astronomical and geodetic practices contribute to this process through common reference systems.
Their political significance lies in the role they play within larger systems of surveying, classification,
and administration.

4.7 Observatory Networks and Geographical Management

Observatories can also function as nodes within wider geographical networks. An observatory possesses
a fixed location, specialized instruments, trained observers, and relations to other institutions through
which observations are compared and standardized. Establishing observatories at distant sites therefore
extends astronomical infrastructure geographically.

The history of the Royal Observatory illustrates the connection between astronomical observation
and navigational administration. The institution was founded in 1675 with improvement of astronomical
tables and determination of longitude explicitly connected to the perfection of navigation [47]. Its later
work supported star catalogues, nautical ephemerides, timekeeping, and geographical reference.

The expansion of observatory networks into imperial settings further extended this geographical
function. Research on the Cape Observatory shows the interaction among astronomy, Admiralty and
Colonial Office administration, instrument supply, finance, and the practical difficulties of managing a
scientific institution across long distances [1].

The observatory thereby becomes more than a site for passive viewing of the heavens. It is a ge-
ographical institution embedded within networks of communication, funding, instruments, transport,
archives, and authority.

The spatial distribution of observatories also changes the evidentiary field. Observations made from
different geographical positions can be compared, combined, and used to improve celestial and terrestrial
reference systems. Scientific knowledge therefore expands through coordinated differences of position.

This structure has a political analogue in distributed administration. Centralized institutions can
depend upon local observational nodes whose value comes partly from their distinct positions. Effective
coordination requires standards that permit local observations to become interoperable without erasing
the geographical specificity of the observing site.

Observatory networks therefore illustrate the broader relation among spatial distribution, epistemic
coordination, and political organization developed throughout this paper.

4.8 Meridians and Common Spatial Reference

Long-distance navigation and mapping require common reference systems. The meridian provides one
such structure by assigning longitude relative to a selected reference line. The choice of a prime meridian
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is conventional in the sense that several terrestrial meridians could perform the reference function, while
the practical usefulness of the system depends upon widespread coordination around one standard.

Greenwich gradually acquired this role through the accumulated use of Greenwich-based observa-
tions, nautical tables, charts, and maritime practice. Royal Museums Greenwich records that by the late
nineteenth century a large share of international shipping used charts referenced to Greenwich and that
the 1884 International Meridian Conference selected Greenwich as the prime meridian for international
use [48].

The political significance of a prime meridian resembles the political significance of standard time.
A reference standard creates interoperability by allowing actors using different local positions to express
those positions in a common coordinate framework.

The standard does not make places spatially identical. It creates a shared language through which
differences of position can be expressed. Common reference therefore supports coordination through
structured difference rather than through spatial homogenization.

This distinction is important for political theory. Large-scale order can be produced through common
interfaces that preserve local variation. A meridian provides a coordinate relation among locations while
leaving their internal social and political organization untouched.

The history of meridian standardization also demonstrates the dependence of technical standards
upon institutional adoption. A mathematically usable reference becomes globally consequential through
navigation, charts, observatories, commerce, diplomacy, and international agreement.

Common spatial reference therefore arises from a relation between technical utility and political
coordination. Its authority becomes infrastructural as more actors organize practice around the standard.

4.9 Political Expansion and Epistemic Reach

The histories of navigation, surveying, mapping, and observatories reveal a close relation between polit-
ical reach and epistemic reach. Institutions can act effectively across distance when they possess repre-
sentations and communication systems sufficient to make distant conditions practically intelligible.

Astronomical navigation expands epistemic reach by allowing mobile actors to locate themselves be-
yond familiar terrestrial reference points. Mapping expands epistemic reach by assembling distributed
observations into portable spatial representations. Surveying increases the resolution of those represen-
tations. Observatory networks increase the geographical range of coordinated scientific observation.

Political expansion can draw upon these capacities while also supplying the resources required to
maintain them. Naval institutions fund astronomical research. Imperial administrations support surveys.
Scientific expeditions produce geographical and astronomical data. Administrative networks circulate
maps, tables, instruments, and trained personnel.

The relation is therefore recursive. Political expansion can create demand for new spatial knowledge.
New spatial knowledge can increase the capacity of political institutions to move, administer, communi-
cate, and represent distant territories. Expanded activity then produces further observational demand.

This reciprocal structure resembles the co-evolutionary relation introduced in Section 1.4. Political
capacity and astronomical-geographical knowledge can develop together through shared institutions and
infrastructures.

The same process produces epistemic asymmetries. Institutions located at political centers can accu-
mulate representations of distant territories without sharing the everyday experience of the populations
represented. Spatial knowledge becomes increasingly centralized even as its production remains dis-
tributed.

Political reach should therefore be distinguished from complete knowledge. Mapping and navigation
expand what institutions can know and coordinate while preserving substantial relational incompleteness.

This distinction is especially important in colonial and imperial contexts. The ability to represent
a territory on standardized maps can create an appearance of administrative visibility that exceeds the
actual knowledge of local social, ecological, and cultural relations. Spatial legibility therefore supports
political action while simultaneously creating risks of epistemic overconfidence.
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4.10 Spatial Representation and Political Abstraction

The conversion of geography into coordinates, maps, routes, and administrative units requires abstrac-
tion. Local environments contain more relations than any political representation can preserve. Spatial
governance therefore depends upon selective reduction.

A navigational chart preserves hazards, coastlines, depths, bearings, and reference information rele-
vant to maritime movement. A cadastral survey preserves property boundaries and parcel relations. A
military map preserves features relevant to movement and strategic action. An administrative map pre-
serves jurisdictional boundaries. Each representation produces a different political space from the same
geographical environment.

The political usefulness of abstraction derives from this selectivity. Institutions require representa-
tions adapted to action. Complete description would make coordination impossible.

The risks of abstraction arise when the representational purpose becomes invisible. A map designed
for taxation can be treated as though it represented the complete social meaning of land. A navigation
chart can be mistaken for a complete account of a coastal environment. An administrative boundary can
be treated as though it exhausted the relations connecting populations across it.

Edney’s analysis of imperial surveying demonstrates how spatial representation can participate in the
construction of political reality [11]. Mapping practices do more than record space; they organize the
categories and scales through which space becomes administratively actionable.

This insight connects spatial representation to the paper’s broader discussion of political appearance.
A mapped territory appears as a coherent object because representational techniques organize heteroge-
neous observations within one visual and mathematical frame.

Spatial aesthetics can therefore interact with political rationality. Regular boundaries, comprehensive
coverage, continuous coordinate systems, and consistent symbols can create an appearance of complete
spatial order. Administrative confidence can increase as the territory becomes visually legible.

The relation between representation and reality remains historically consequential. A common spa-
tial framework enables coordination across large territories, while responsible governance requires aware-
ness of the relations excluded by the representation.

4.11 Astronomical Space as Political Infrastructure

The historical developments examined in this section support a relational interpretation of political space.
Astronomical observations provide orientation and positional reference. Timekeeping and celestial pre-
diction support longitude determination. Instruments and tables translate these relations into practices us-
able aboard ships. Surveys andmaps assemble local measurements into wider representations. Meridians
and coordinate systems make locations interoperable. Political institutions fund, standardize, circulate,
and govern these infrastructures.

Political space therefore emerges partly through representational and infrastructural relations. Terri-
tory has material existence, while its administrative legibility depends upon practices that make location,
distance, boundary, and movement available to institutions.

This account parallels the analysis of political time in Section 3. Common time enables coordination
among activities occurring at different locations. Common spatial reference enables coordination among
actors occupying different locations. Both systems operate through standards that reduce the friction of
heterogeneity at an interface.

The relation also demonstrates the reciprocal character of astronomy and politics. Maritime and
imperial projects created practical demand for more reliable astronomical navigation. States supported
observatories, rewards, ephemerides, surveys, and instruments. The resulting knowledge increased the
scale and precision of political movement and geographical representation.

The political consequences of this history remain normatively heterogeneous. The same infrastruc-
tures that supported scientific exploration and safer navigation also participated in colonial expansion
and military power. Astronomical knowledge therefore carries no singular political valence.
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Its broader philosophical contribution lies in demonstrating how knowledge of the heavens became
part of the infrastructure through which terrestrial space was rendered increasingly navigable and politi-
cally actionable.

The section also reveals a recurrent structure in modern political order: heterogeneous local spaces
become coordinated through common interfaces, standards, and representations. Such coordination can
expand collective capacity while concentrating authority over the standards through which space be-
comes legible.

The following section turns from these temporal and spatial infrastructures to the institutions that
sustained them. Observatories, standards, scientific bureaucracies, archives, and transnational networks
transformed astronomy into a durable infrastructure of political and epistemic coordination whose his-
torical significance extends beyond individual navigational problems.

5 Astronomical Institutions and Coordinated Knowledge

This section examines the institutional structures throughwhich astronomical observations become durable,
comparable, authoritative, and usable across distance and time. Its role is to connect the histories of
political time and political space developed in the preceding sections with a broader account of scien-
tific coordination. The discussion proceeds through the observatory as a durable epistemic institution,
the standardization of observation and measurement, the distribution of authoritative time, international
coordination of temporal standards, the formation of observatory networks, the archival continuity of
astronomical knowledge, the role of standards as interfaces among heterogeneous institutions, and the
emergence of transnational astronomical organizations. The section concludes by treating coordinated as-
tronomical knowledge as a historically produced infrastructure whose scientific authority depends upon
material, institutional, and political relations.

5.1 Observatories as Durable Epistemic Institutions

Astronomical observation depends upon temporal continuity. Many phenomena require repeated obser-
vation across intervals extending beyond the working life of a single observer. Positional astronomy,
stellar catalogues, planetary ephemerides, time determination, and long-period astronomical change all
depend upon records whose scientific value increases when observations can be related across years,
institutions, and generations.

The observatory provides one institutional response to this temporal problem. It stabilizes instru-
ments, sites, observational procedures, archives, trained personnel, and organizational responsibility.
An observatory therefore supports more than the act of looking at the sky. It preserves the conditions
through which observations made at different moments can become parts of one continuing scientific
record.

The Royal Observatory at Greenwich illustrates this institutional continuity. Its history joins astro-
nomical observation to navigation, timekeeping, instrument testing, star catalogues, and the distribution
of temporal standards [47, 48]. The scientific authority of the institution developed through repeated
observation and through its capacity to maintain reference practices across changing technologies and
political demands.

Late Ottoman Egypt provides a different example of observatory institutionalization. Stolz shows
how astronomical institutions became embedded within projects of state reform, religious learning, time-
keeping, education, and imperial administration [57]. The observatory in this setting participated in a
wider reorganization of scientific and political authority rather than existing as an isolated research site.

The observatory therefore occupies a distinctive position in the astronomy–politics relation. Political
institutions can create thematerial continuity required for astronomical knowledge, while the observatory
can generate standards and representations that later acquire administrative, navigational, religious, or
public significance.
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Institutional durability also changes the epistemic relation between individual observer and astronom-
ical claim. A result becomes increasingly dependent upon the reliability of a system whose components
include instruments, calibration, records, procedures, and organizational memory. Scientific authority
thereby moves from the credibility of an isolated observer toward the credibility of an institutionalized
observational process.

This transformation is important for political philosophy because it provides an example of knowl-
edge generated through organized continuity. Large-scale coordination depends upon institutions capa-
ble of preserving relations across time even as individual participants change.

5.2 Standardized Observation and Comparative Knowledge

Astronomical observations made at different locations become scientifically comparable only where rele-
vant differences in instruments, units, methods, timing, and recording practices are sufficiently controlled
or documented. Standardization therefore transforms distributed observations into a common epistemic
field.

The nineteenth century witnessed extensive efforts to improve the precision and comparability of
scientific measurement. Gillin’s study of John Herschel emphasizes Herschel’s role in promoting stan-
dardized units, disciplined observational methods, and coordinated investigations of natural phenomena
[16]. Standardization in this context was connected to both scientific precision and the wider organiza-
tional capacities of the British state and empire.

Astronomical standardization operates at several levels. Instruments require calibration. Observers
require shared procedures. Recorded values require common units. Temporal observations require com-
parable time references. Catalogues require conventions concerning coordinates, nomenclature, and data
reduction. The resulting standards allow observations produced by different institutions to enter common
tables and analyses.

Scientific standardization therefore performs a function analogous to the temporal and spatial inter-
faces examined in the preceding sections. It reduces the friction created by local heterogeneity at the
point of exchange while allowing participating institutions to retain different internal organizations.

The political significance of this arrangement lies in the distribution of authority over standards.
A measurement system can become widely authoritative because scientific communities recognize its
precision, because states support its use, because instruments and publications are organized around it,
or because participation in wider networks requires compatibility with it.

Standards consequently possess both epistemic and infrastructural force. Their authority emerges
through repeated successful use, institutional adoption, and the increasing cost of incompatibility with
established systems.

This structure complicates a purely conceptual account of scientific universality. Universal knowl-
edge depends in practice upon infrastructures that make locally produced observations mutually inter-
pretable. Astronomical universality is therefore supported by historically specific systems of standard-
ization.

5.3 Time Services and Institutional Authority

The distribution of standard time provides an especially clear example of an observatory becoming an
infrastructure of public coordination. Precise astronomical time determination acquired practical signif-
icance when it could be transmitted from the observatory to institutions operating elsewhere.

Ishibashi’s analysis of George Biddell Airy’s Greenwich time system shows that the telegraphic dis-
tribution of time required extensive work by astronomers, assistants, engineers, clockmakers, and com-
munication institutions [25]. The authority of Greenwich time therefore depended upon the construction
and maintenance of a technical system capable of producing reliable signals and representing the Royal
Observatory as an authoritative temporal source.

The system installed at Greenwich in the nineteenth century transmitted time through electrical net-
works to railway, postal, commercial, and public institutions. Royal Museums Greenwich records the
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role of the Shepherd master clock from 1852 and the subsequent transmission of Greenwich time across
Britain and, by the 1860s, through transatlantic communication networks [48].

The history demonstrates that standard time acquires authority through a chain of relations. Astro-
nomical observations establish a reference. Precision clocks stabilize that reference. Telegraphic infras-
tructure transmits it. Receiving institutions incorporate the signal into their own operations. Legal and
social adoption then make the standard consequential beyond the observatory.

Rooney and Nye emphasize that the spread of standard time in Victorian Britain was a prolonged
process involving railway systems, telegraph networks, commercial services, regulation, and public ac-
cess rather than a single technical decision [46]. Temporal authority thereby emerged through a network
of institutions whose practical dependence on common time reinforced the standard.

This development reveals a transition from observational authority to infrastructural authority. The
observatory becomes important because other institutions organize their activity around the temporal
reference it maintains.

The political form of this authority differs from command. The observatory does not determine rail-
way destinations, commercial transactions, or administrative decisions. It supplies a common reference
through which heterogeneous actors can coordinate independently organized activities.

This mode of coordination will recur throughout the paper. Standards can govern interfaces without
governing the complete internal dynamics of the systems connected through them.

5.4 International Coordination of Time

National temporal coordination eventually became insufficient for increasingly international commu-
nication, navigation, scientific comparison, and telecommunication. The production of common time
therefore moved toward international institutional coordination.

The Bureau International de l’Heure provides an important historical example. Guinot’s history of
the institution explains that the development of radio time signals at the beginning of the twentieth century
created new possibilities for combining measurements of Universal Time from different observatories
[18]. The Bureau began operation in 1912 at the Paris Observatory and later coordinatedwork concerning
Universal Time, Earth rotation, reference frames, and eventually atomic time [18].

The Bureau’s history demonstrates a change in the scale of epistemic authority. No single observatory
could independently define an international temporal standard solely through local observation. Time
determination increasingly depended upon aggregation, comparison, correction, and coordination across
multiple participating institutions.

This institutional form creates a distributed relation between local measurement and global standard.
Observatories produce observations from specific geographical positions. An international coordinating
institution combines those observations into a reference intended for use across the network.

The resulting standard therefore has a relational constitution. Its authority depends upon participating
institutions, shared procedures, communication systems, and agreed rules for combining observations.

International time coordination also illustrates the increasing separation between natural reference
and institutional realization. Earth rotation provides a physical process relevant to Universal Time, while
the practical time scale used by scientific and social institutions depends upon conventions, measurement
systems, corrections, and later atomic standards.

The political importance of this development lies in the formation of transnational infrastructures
whose authority exceeds the jurisdiction of any one state while remaining dependent upon national sci-
entific institutions. Astronomical coordination thereby contributes to a form of governance organized
through international technical cooperation.

5.5 Observatory Networks and Distributed Observation

Astronomical knowledge benefits from geographical distribution because different observing sites pro-
vide access to different skies, climates, longitudes, latitudes, and observational opportunities. The growth
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of observatory networks therefore extends scientific coverage while creating new requirements for coor-
dination.

McAleer’s study of nineteenth-century observatories in the British Empire examines the movement
of telescopes and instruments, the creation of professional and personal networks, and the material con-
nections linking observatories across imperial space [32]. The transportation, installation, repair, and use
of precision instruments reveal the physical infrastructure required to make geographically distributed
astronomical observation possible.

The network form creates several types of dependence. Peripheral observing sites can depend upon
instruments, finance, technical expertise, publications, and standards supplied from metropolitan insti-
tutions. Central institutions depend upon distant sites for observations unavailable from their own geo-
graphical position. Scientific knowledge therefore emerges through asymmetric but reciprocal relations
among locations.

These relations complicate a simple center–periphery model. A geographically distant observatory
can possess epistemic value precisely because of its location. Local observers, environments, and practi-
cal knowledge can become indispensable to scientific projects whose coordination remains concentrated
elsewhere.

Observatory networks also make the distinction between local observation and global knowledge es-
pecially visible. Each observation is produced from a specific position under local conditions. Scientific
coordination converts these situated observations into catalogues and representations whose scope can
appear geographically universal.

The process therefore depends upon standards capable of preserving relevant differences while per-
mitting aggregation. The location of observation must remain known because position affects the obser-
vation, while measurement procedures must remain sufficiently compatible for comparison.

This structure provides a historical example of coordinated knowledge across heterogeneous sub-
systems. Scientific order emerges through interoperability among observing sites rather than through
elimination of geographical difference.

5.6 Archives and Long-Term Comparability

Astronomical institutions coordinate knowledge across time as well as space. Observational archives,
catalogues, notebooks, instrument records, published tables, and institutional correspondence allow later
astronomers to compare new observations with earlier ones.

The value of such archives depends upon contextual continuity. A numerical observation becomes
more useful when later researchers can reconstruct the instrument, procedure, reference system, reduction
method, and uncertainty associated with its production.

Institutional archives therefore preserve more than scientific results. They preserve the relations
through which those results were generated.

This archival function gives observatories a long temporal reach. Measurements made for one sci-
entific purpose can later acquire significance for another. Changes in stellar position, Earth rotation,
instrument performance, or reference systems can become visible only because earlier observations re-
main recoverable.

The history of timekeeping provides a clear example. Guinot’s account of the Bureau International de
l’Heure depends upon decades of records concerning time determination, reference frames, and changing
measurement techniques [18]. Institutional continuity makes it possible to reconstruct the transformation
from astronomical time determination toward later atomic and Earth-rotation services.

Astronomical archives therefore support scientific re-recognition. Later observers can return to ear-
lier data with theories, instruments, and questions that the original observers did not possess.

This feature connects astronomical institutions with a wider philosophical theme developed in the
preceding paper of this research programme: preservation of records expands the capacity of future sub-
jects to reinterpret earlier knowledge. In astronomy, the scientific value of long-term archives provides
a particularly concrete example of such temporal epistemic continuity.
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Political institutions can learn from this structure without requiring a direct transfer of scientific
practice. Durable coordination depends partly upon preserving traces whose future relevance cannot be
specified completely at the moment of collection.

5.7 Standards as Interfaces among Heterogeneous Institutions

The histories examined in this section show that coordination does not require all participating institu-
tions to share the same internal organization. Observatories, naval institutions, telegraph companies,
railway systems, scientific societies, publishers, instrument makers, and government agencies can oper-
ate through different goals and procedures while remaining connected by common standards.

A time signal provides one such interface. A railway company does not need to adopt the internal ob-
servational practices of an astronomical observatory. It needs a sufficiently reliable method for receiving
and interpreting the standard.

A positional catalogue provides another interface. Navigators and surveyors do not need to reproduce
the institutional process through which stellar positions were determined. They require a representation
whose units, reference system, and accuracy are compatible with their own practices.

Standards therefore permit coordination through selective agreement. Systems agree upon the struc-
tures required for exchange while retaining internal heterogeneity.

This arrangement has important political implications. Large-scale coordination can emerge through
interoperability rather than complete institutional homogeneity. Authority can be concentrated at an
interface while remaining distributed across the substantive activities connected through it.

The arrangement also creates dependency. Once many systems rely upon one standard, changes to
that standard can propagate widely. The institution responsible for maintaining the standard acquires
influence even where it lacks direct authority over participating organizations.

Standard governance therefore requires legitimacy, transparency, reliability, and procedures for revi-
sion. Scientific standards become durable because users trust both the technical quality of the reference
and the institutions through which it is maintained.

The historical development of astronomical standards demonstrates that interoperability itself is a
political and institutional achievement.

5.8 Scientific Standardization and Imperial Reach

Standardization can support scientific universality while also participating in unequal political systems.
Nineteenth-century astronomy provides important examples of this dual relation.

Gillin’s account of John Herschel’s standardizing projects emphasizes the connection among preci-
sion measurement, coordinated scientific investigation, and the wider structures of the British Empire
[16]. Standard units and observational procedures enabled geographically dispersed measurements to
enter common scientific projects while also contributing to systems of imperial coordination.

McAleer’s analysis similarly shows that telescopes, observatories, instruments, and professional net-
works formed material connections across the British Empire [32]. Scientific standardization therefore
developed within political geographies that distributed resources, authority, and mobility unevenly.

This history complicates a simple identification of standardization with either scientific progress
or political domination. Standardization can increase precision, comparability, and cooperation. The
same infrastructure can become embedded in systems of colonial administration and unequal resource
distribution.

The appropriate historical analysis therefore concerns the relations throughwhich a standard operates.
A common measurement system can possess genuine epistemic value while the institutions governing
its production and distribution remain politically unequal.

This distinction is important for the paper’s broader treatment of scientific rationality. The universal
form of a scientific standard does not eliminate the historical particularity of the institutions that establish
and disseminate it.
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Astronomical standardization thus illustrates one recurring tension of modern political order: inter-
faces can become increasingly universal while the relations through which participation in those inter-
faces is organized remain historically asymmetric.

5.9 International Astronomy and Institutionalized Cooperation

The development of international astronomical organizations represents a later stage in the institutional-
ization of coordination. Scientific cooperation increasingly required organizations capable of maintain-
ing conventions, facilitating communication, coordinating specialist communities, and providing durable
structures across national boundaries.

The International Astronomical Union was founded in 1919 and defines its mission in terms of
promoting astronomy through international cooperation [22]. Its organizational structure connects na-
tional members, individual astronomers, scientific divisions, commissions, and working groups across a
transnational professional community.

The significance of the IAU extends beyond the exchange of research results. International astron-
omy requires coordination concerning nomenclature, reference systems, standards, scientific meetings,
and shared professional practices. Such coordination becomes especially important where astronomical
objects and reference systems cannot be divided according to national jurisdiction.

The IAU therefore exemplifies a form of institutional order organized around a shared epistemic
domain. National scientific communities retain their own institutions and funding structures while par-
ticipating in common scientific interfaces.

This arrangement offers a different model of coordination from centralized state administration. Au-
thority is distributed across professional, international, and national structures. Cooperation depends
upon procedures, standards, expertise, and collective recognition.

Astronomy thereby contributes to the history of international institutional practice. Its objects of
inquiry are inherently transboundary, while its observational resources and scientific communities remain
geographically and politically distributed.

The resulting institutional architecture anticipates later problems in global governance, where coop-
eration must connect heterogeneous states and organizations without requiring complete political inte-
gration.

5.10 Epistemic Concentration and Infrastructural Dependence

Coordination through observatories and standards generates scientific capacity, while the same process
can concentrate epistemic authority. A widely trusted observatory, catalogue, time service, or interna-
tional organization can become a central node upon which many distributed activities depend.

Such concentration is not equivalent to political domination. Centralization can reduce duplication,
improve precision, stabilize reference systems, and provide authoritative coordination. The political
question concerns the relations created by dependence upon the central infrastructure.

A time system becomes vulnerable if access to its authoritative reference is unequally distributed
or if governance of the standard lacks legitimate mechanisms for correction. A scientific catalogue
can propagate systematic errors widely because many users inherit the same reference. A classification
maintained by one institution can become difficult to challenge once other systems organize themselves
around it.

Astronomical institutions therefore reveal a general property of infrastructure: successful coordina-
tion can increase dependence upon the interface that enables coordination.

This dependence also creates responsibility. Institutions maintaining widely used standards must
preserve continuity while responding to improved knowledge. They must manage transitions in ways
that allow dependent systems to adapt.

The history of astronomical time provides a clear example. Improvements in measurement eventu-
ally required movement from purely astronomical timekeeping toward atomic standards and new insti-
tutional arrangements. Guinot describes the reorganization through which the functions of the Bureau
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International de l’Heure were eventually transferred to successor institutions as time measurement and
Earth-rotation techniques developed [18].

Institutional continuity therefore does not require permanence of one organization. It requires preser-
vation of the interface functions uponwhich thewider network dependswhile scientific and technological
conditions change.

5.11 Astronomical Coordination as a Form of Governance

The histories of observatories, standards, time services, archives, and international organizations reveal
a form of governance centered on coordination rather than substantive command. Astronomical institu-
tions often govern by maintaining references, protocols, records, and standards through which heteroge-
neous actors can interact.

This form of governance has several characteristics.
It is infrastructural because its effects operate through systems upon which other activities depend.
It is epistemic because authority derives substantially from measurement, expertise, reliability, and

accumulated scientific practice.
It is relational because the value of the institution arises through the network of users and institutions

connected to it.
It is temporal because standards and archives must preserve continuity across changing observers

and technologies.
It is transnational where scientific objects and professional communities extend beyond national

boundaries.
It is revisable because scientific standardsmust adapt when improvedmeasurement or theory changes

the relevant reference system.
These characteristics provide a bridge between historical astronomy and the paper’s later political re-

flection. Astronomical coordination demonstrates how large systems can achieve order through common
interfaces while preserving heterogeneous internal practices.

The same history also demonstrates the political conditions of such coordination. Standards require
institutions. Institutions require resources, authority, maintenance, and legitimacy. Their scientific suc-
cess can conceal the historical work required to make the interface appear neutral and universal.

Astronomical knowledge therefore becomes durable through institutional relations that coordinate
differences across time and space. Observatories create continuity, standards create comparability, com-
munication systems create reach, archives create temporal depth, and international organizations create
structures for transnational cooperation.

The reciprocal relation between astronomy and politics is visible in each of these functions. Political
institutions enable the infrastructure of astronomical coordination, while astronomical infrastructures
supply models and practices of coordination that become consequential far beyond the observatory.

The following section turns from these infrastructures to the paper’s explicitly co-evolutionary argu-
ment. Having traced celestial imagination, political time, political space, and institutional coordination,
the analysis can now examine how changing astronomical knowledge and changing political order re-
peatedly alter the conditions through which one another become intelligible.

6 Co-Evolution of Astronomical Knowledge and Political Order

This section develops the reciprocal relation between astronomy and politics as a problem of histori-
cal co-evolution. Its purpose is to integrate the preceding analyses of celestial imagination, calendrical
authority, navigation, spatial representation, observatories, and scientific standards into a common his-
torical structure. The argument proceeds through the political conditions of astronomical knowledge,
the political consequences of changing epistemic forms, the interaction between scientific and political
authority, the feedback created by infrastructures, the temporal asymmetry of reciprocal influence, and
the coexistence of several cosmological and political regimes within the same historical period. The
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section concludes by specifying co-evolution as a method of historical interpretation rather than a claim
of deterministic correspondence between astronomical theories and political forms.

6.1 Reciprocal Formation of Knowledge and Order

The historical cases examined thus far resist a one-directional account of the relation between astron-
omy and politics. Celestial knowledge has repeatedly contributed to political imagination, calendrical
coordination, navigation, spatial representation, and standards of time. Political institutions have simul-
taneously determined important conditions under which astronomical knowledge could be produced,
preserved, communicated, and authorized.

The relation can therefore be understood as reciprocal formation. A political order establishes insti-
tutions, resources, offices, infrastructures, and standards that shape astronomical practice. Astronomical
practice generates observations, representations, predictions, and technologies that alter the epistemic en-
vironment available to political institutions. Those institutions can subsequently reorganize themselves
around capacities partly produced through the earlier scientific development.

Early imperial Chinese astronomy already displays this recursive structure. The state maintained
astronomical specialists and promulgated calendrical systems whose authority formed part of imperial
government [8]. The political importance of calendrical astronomy gave rulers reasons to maintain the
institutions through which astronomical knowledge developed. Astronomical expertise and political
authority thereby reinforced one another without becoming identical.

The British history of navigation provides another configuration. Maritime and state interests in-
creased the value assigned to longitude determination. Political institutions created rewards, supported
instruments and observatories, and eventually maintained the Board of Longitude [1]. The resulting
navigational and astronomical knowledge expanded capacities for maritime movement, surveying, and
geographical representation, which in turn increased demand for further scientific and technical coordi-
nation.

International timekeeping provides a later example. Improved communication and scientific coor-
dination created demand for common temporal standards. Observatories and coordinating institutions
developed increasingly precise systems of time determination, while transport, communication, admin-
istration, and science became increasingly dependent upon those standards [46, 18].

In each case, the scientific and political systems enter a feedback relation. Political organization
affects the conditions of astronomical knowledge, and astronomical knowledge alters the practical or
conceptual environment of political organization.

Historical co-evolution therefore concerns changes in the conditions under which subsequent changes
become possible. It requires attention to sequences, institutions, and feedback rather than isolated resem-
blance between scientific and political ideas.

6.2 Political Conditions of Astronomical Knowledge

Astronomical knowledge possesses material and institutional conditions. Observation requires access to
sites, instruments, trained personnel, records, communication systems, and resources capable of sustain-
ing work over time. Large astronomical projects intensify these dependencies.

Political organization enters astronomy through these conditions. Courts, temples, imperial bureau-
cracies, naval institutions, academies, universities, states, colonial administrations, and international or-
ganizations have all supported astronomical activity under historically different arrangements.

The influence of political organization begins before any explicit political interpretation of astronom-
ical results. Decisions concerning which institutions receive resources affect which observations become
possible. Territorial control can determine access to observing sites. Administrative priorities can favor
calendrical astronomy, navigation, geodesy, military applications, or fundamental research. Educational
institutions determine how expertise is reproduced.

Political institutions also shape temporal continuity. A long observational series depends upon orga-
nizational structures capable of preserving instruments, procedures, archives, and technical competence
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through changes of personnel. The observatory is therefore partly a political solution to the temporal
requirements of astronomical knowledge.

The historical cases considered in previous sections demonstrate considerable variation in these ar-
rangements. Imperial Chinese astronomy was embedded in a bureaucratic and cosmological structure of
state authority [8]. Greenwich connected astronomical research with navigation, state patronage, time-
keeping, and public standards [47, 48]. Ottoman Egyptian astronomy developed through relations among
imperial reform, religious scholarship, education, and scientific institutions [57]. Nineteenth-century ob-
servatory networks operated through imperial geographies of instruments, personnel, finance, and com-
munication [32].

These cases support a general distinction between the content of an astronomical claim and the con-
ditions of its production. Political institutions do not thereby determine whether a planet occupies a
particular position or whether an astronomical prediction is mathematically valid. They can influence
which phenomena become observable, which measurements are sustained, which methods receive insti-
tutional support, and which forms of knowledge acquire practical importance.

The distinction protects the analysis from reducing scientific truth to political interest while preserv-
ing the historical significance of scientific institutions. Astronomical objects constrain inquiry through
their physical properties, while the historical route through which human communities acquire knowl-
edge of those objects remains institutionally organized.

6.3 Epistemic Organization and Social Order

The reciprocal relation extends from scientific institutions to the organization of knowledge itself. Meth-
ods for establishing trustworthy knowledge require rules concerning evidence, expertise, testimony, repli-
cation, calculation, and the legitimate resolution of disagreement. These epistemic arrangements can
develop in relation to broader forms of social and political order.

Shapin and Schaffer’s study of the dispute between Boyle and Hobbes provides a major historical
analysis of this relation. Their reconstruction of seventeenth-century experimental philosophy connects
the production of matters of fact with the social organization of experimental practice and with wider
problems of political order in Restoration England [55]. Their analysis demonstrates that disputes con-
cerning how knowledge should be produced can simultaneously concern who is authorized to participate,
which forms of testimony are credible, and how disagreement can be contained.

The case concerns experimental natural philosophy more broadly rather than astronomy alone, yet it
is relevant to the present argument because astronomy participated in the same changing early modern
environment of mathematical and empirical knowledge.

Dear’s study of seventeenth-century mathematical sciences emphasizes this historical development
from another direction. Astronomy, optics, and mechanics were practices in which mathematical rea-
soning, experience, observation, and experiment were reorganized through a gradual and sometimes
contradictory historical transformation [9]. Scientific practice therefore changed through alterations in
accepted forms of experience and demonstration as well as through new theoretical propositions.

The political significance of such transformations lies partly in the forms of authority they make
possible. A claim grounded in inherited textual authority, a claim established through mathematical
demonstration, a claim supported by instrumental observation, and a claim generated through collectively
witnessed experiment invoke different relations among knowledge, expertise, and assent.

Scientific change can therefore alter the available image of legitimate reasoning. A political culture
increasingly familiar with measurement, calculation, standardized evidence, and reproducible procedure
inhabits a different epistemic environment from one organized primarily through sacred authority or
inherited commentary.

This observation requires caution. Changes in scientific epistemology do not produce one corre-
sponding political constitution. The relevant relation concerns the repertoire of legitimate forms of
knowledge and authority available within a society.

Astronomical practice contributes to that repertoire because it repeatedly demonstrates the political
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usefulness of prediction, measurement, long-term observation, mathematical representation, and coordi-
nated expertise.

6.4 Mathematization and the Appearance of Rational Order

The increasing mathematization of astronomical knowledge altered the form in which celestial order
became intelligible. Mathematical astronomy represents complexmotion through quantities, geometrical
relations, equations, and predictive procedures. The resulting order can appear universal because the
same formal relations apply independently of many local social differences.

Dear’s analysis of the mathematical sciences during the Scientific Revolution shows that mathema-
tization was accompanied by changing relations among experience, observation, demonstration, and
natural philosophy [9]. The transformation was historically gradual and internally heterogeneous, which
cautions against representing mathematization as one abrupt epistemic rupture.

Its political significance nevertheless extends beyond technical astronomy. Mathematical represen-
tation provides a powerful example of order established through explicit rules whose validity can be
examined through calculation and comparison with observation.

Such epistemic forms can contribute to a broader aesthetic of rationality. Precision, consistency,
universality, calculability, prediction, and formal simplicity can become valued characteristics of orga-
nized knowledge. Political institutions increasingly shaped by statistics, accounting, standardization, and
technical administration can develop analogous preferences.

The relation remains historical and mediated. Mathematical astronomy did not contain modern bu-
reaucracy within its equations. Political rationalization drew upon many legal, economic, military, com-
mercial, technological, and administrative developments.

Astronomy nevertheless participated in a wider historical transformation in which mathematical rep-
resentation acquired increasing authority as a way of rendering complex systems intelligible.

This transformation also affects political appearance. A political arrangement supported by quan-
tified indicators, standardized measures, formal procedures, and predictive models can appear rational
partly because the surrounding epistemic culture has learned to associate these forms with disciplined
knowledge.

The historical relation between astronomy and politics therefore includes an aesthetic-epistemic path-
way. Scientific forms of representation can influence the criteria through which political order becomes
recognizable as organized, modern, or rational, while political demand for measurable administration
can reinforce scientific standardization.

6.5 Astronomical Knowledge and the Reorganization of Centrality

Changes in astronomical knowledge also transform the conceptual resources through which centrality
can be imagined. Earlier cosmological systems could combine geometrical, sacred, observational, and
political forms of centrality. Modern astronomy progressively differentiated these categories.

The importance of this development is visible when compared with the early Chinese political sig-
nificance of celestial polar centrality discussed in Section 2.2. In that historical configuration, celestial
observation and political symbolism could participate in a common structure of orientation [39, 40].

Later astronomical transformations made centrality increasingly dependent upon the reference sys-
tem and physical problem under consideration. A point can be central in a coordinate representation
without possessing political, moral, or cosmological supremacy. Different systems can employ different
useful centers for calculation.

This distinction matters philosophically because it weakens the intuitive movement from spatial cen-
trality to normative privilege. Astronomy itself becomes an example of a domain in which useful refer-
ence centers can coexist with the absence of one universally privileged political or metaphysical center.

The political implication remains reflective rather than deductive. Modern astronomy supplies con-
ceptual resources for distinguishing functional centralization from ontological privilege. A political sys-
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tem can likewise use central institutions for coordination without interpreting their central position as
evidence of intrinsic superiority.

The historical transformation of centrality also changes political aesthetics. A highly ordered system
need not possess one visibly dominant center. Relations, fields, distributed structures, and multiple
coordinate systems can become intelligible as forms of order.

The political attractiveness of distributed or relational organization in contemporary thought may
therefore belong partly to a wider historical environment in which scientific and technological represen-
tations increasingly make non-hierarchical forms of complex order perceptible.

This claim remains deliberately modest. Astronomy is one contributor among many to such an envi-
ronment. Network technologies, ecology, cybernetics, computation, economics, and social movements
also participate in contemporary relational imaginaries.

6.6 Infrastructural Feedback between Science and Political Capacity

The strongest reciprocal relation between astronomy and politics often occurs through infrastructure
rather than explicit political philosophy.

Political institutions support astronomical infrastructures because they expect scientific, navigational,
military, economic, educational, or symbolic benefits. Once established, these infrastructures create new
capacities whose uses can extend beyond the original purpose.

Greenwich provides a clear example. An observatory founded within a navigational and astronom-
ical context later became central to systems of nautical calculation, longitude, public time distribution,
and international temporal standardization [47, 48]. The scientific institution thereby became part of a
broader infrastructure of political and economic coordination.

The Board of Longitude exhibits a similar feedback structure. State concern with navigation gener-
ated institutional support for astronomical tables, timekeepers, instruments, expeditions, and mathemati-
cal labor. Those developments increased navigational and surveying capacities available to the state and
other maritime actors [1].

Standardized measurement provides another instance. Political and imperial networks supported
distributed scientific observations, while common scientific standards increased the comparability of
information collected across those networks [16, 32].

Such feedback can produce increasing dependence upon the infrastructure. Once railways, shipping,
administration, and communication rely upon standardized time, maintenance of the time standard be-
comes more politically consequential. Once navigation relies upon ephemerides and common meridians,
institutions must preserve the scientific systems supporting those references.

The relation can therefore become self-reinforcing. Political investment creates scientific capacity;
scientific capacity enables wider coordination; wider coordination increases dependence upon the infras-
tructure; dependence creates further political incentives for maintenance and improvement.

This feedback structure helps explain the durability of astronomical institutions whose functions
expand beyond their founding purpose.

6.7 Asymmetric and Uneven Co-Evolution

Co-evolution does not imply equal influence between astronomy and politics. Their relation is histori-
cally asymmetric and varies across periods, institutions, and scales.

A political state possesses many capacities that remain largely independent of astronomical knowl-
edge. Law, taxation, coercion, welfare, economic production, education, diplomacy, and social organi-
zation depend upon numerous relations whose immediate connection to astronomy can be weak.

Astronomical institutions, by contrast, can depend heavily upon political conditions for resources,
territorial access, long-term funding, and organizational continuity. In some periods, political influence
upon astronomy therefore substantially exceeds the immediate influence of astronomy upon political
organization.
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The direction can change for particular functions. Maritime states dependent upon long-distance nav-
igation can become unusually sensitive to astronomical and temporal knowledge. Modern communica-
tion systems dependent upon precise time standards can similarly create substantial political dependence
upon scientific infrastructures.

Co-evolution should therefore be analyzed relation by relation. Calendrical authority, navigation,
timekeeping, political symbolism, scientific prestige, territorial mapping, and planetary governance pos-
sess different coupling strengths.

The temporal rates of change also differ. A scientific theory can changemore rapidly than the political
symbols historically associated with an earlier cosmology. Political institutions can continue using a
calendrical or astronomical convention after the theoretical understanding of the underlying phenomena
has changed.

Conversely, a political transformation can reorganize scientific institutions rapidly while observa-
tional practices and accumulated datasets retain considerable continuity.

The relation is therefore asynchronous. Astronomy and politics possess distinct internal temporalities
while influencing one another at particular interfaces.

This temporal heterogeneity helps explain why historical remnants coexist. Ancient celestial sym-
bolism can persist within technologically modern states. Scientific institutions founded under imperial
conditions can continue under later political orders. Standards created for one administrative purpose
can remain useful after the political system that produced them has changed.

Historical co-evolution consequently produces layered configurations rather than cleanly synchro-
nized stages.

6.8 Political Transformation of Scientific Authority

Changes in political order can alter the legitimacy and organization of scientific authority. A court as-
tronomer, imperial bureau, national observatory, professional scientific society, university laboratory,
and international scientific union occupy different institutional relations to political power.

These forms distribute authority differently. Court astronomy can connect expertise directly to the
ruler. A national observatory can operate through bureaucratic funding and public scientific legitimacy.
A professional society can derive authority from disciplinary membership and peer recognition. An
international organization can coordinate specialists across national jurisdictions.

The transition among these forms changes the social location of astronomical expertise. Scientific
authority can become increasingly differentiated from direct political office while remaining dependent
upon public institutions and collective resources.

This differentiation creates new possibilities for political interaction. Experts can advise governments
while maintaining professional standards whose validity does not derive directly from governmental
command. Governments can rely upon scientific infrastructures whose internal epistemic procedures
remain partly autonomous.

International astronomy extends this structure across state boundaries. The International Astronomi-
cal Union coordinates scientific communities through transnational professional structures while its par-
ticipants remain embedded in national institutions [22].

The resulting configuration distributes authority across several institutional layers. Scientific cred-
ibility, public funding, national policy, professional coordination, and international standards interact
without collapsing into one hierarchy.

This form of differentiated authority is an important product of historical co-evolution. Political insti-
tutions learn to rely upon scientific expertise whose legitimacy depends partly upon preserving epistemic
procedures distinct from ordinary political decision.

The arrangement also produces tensions. Scientific autonomy can conflict with democratic account-
ability, national priorities, public resource allocation, or local interests. Political interference can weaken
scientific credibility, while scientific institutions can acquire substantial public influence without possess-
ing ordinary representative legitimacy.

Astronomy therefore participates in a wider modern problem concerning the governance of expertise.
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6.9 Persistence and Recombination of Cosmological Regimes

Historical co-evolution does not proceed through complete replacement of one cosmological-political
regime by another. Earlier forms can persist, migrate into new institutions, or acquire new meanings
under changed relations.

Sacred celestial symbolism continues within societies possessing advanced astrophysical knowledge.
Traditional calendars can coexist with globally standardized civil time. Astrological practices can per-
sist alongside professional astronomy. National observatories can maintain ceremonial and heritage
functions after some of their original technical functions have moved to other institutions.

The coexistence of such forms cautions against a simple sequence from sacred cosmology to scien-
tific rationality. Scientific institutions can become symbolically important themselves. Observatories
can function as monuments to national scientific achievement. Space programmes can carry technologi-
cal, economic, strategic, and quasi-cosmological narratives concerning national or human destiny.

Modernity therefore produces recombination as well as differentiation. Scientific rationality can
become part of political symbolism, while older symbolic structures adapt to scientific vocabularies.

The relation between cosmology and politics should consequently be represented through overlap-
ping historical layers. One layer may concern technical astronomical knowledge, another public cos-
mological imagination, another religious interpretation, another state symbolism, and another practical
infrastructure.

These layers can change at different rates and interact selectively.
This layered model also helps explain historical recurrence. A political use of celestial imagery can

reappear after a period of reduced importance while operating within a substantially different scientific
and institutional environment. The symbolic form recurs while the surrounding relational system has
changed.

Historical analysis therefore requires specification of the level at which continuity, transformation,
or recurrence is being claimed.

6.10 Path Dependence in Astronomical-Political Development

Co-evolution is also historically path-dependent. Institutions created to solve one problem can shape the
options available for later problems. Standards become entrenched through accumulated use. Archives
make some forms of historical comparison possible while other unrecorded relations become difficult to
recover.

Greenwich again provides an illustrative case. The accumulation of observational authority, navi-
gational practice, charts, timekeeping infrastructure, and institutional reputation increased the practical
value of continued reliance upon Greenwich-based references [48]. Later international standardization
therefore occurred within a field already shaped by earlier adoption.

The same structure appears in scientific institutions. An observatory develops expertise, instruments,
archives, and professional networks that affect which future research programmes can be pursued effi-
ciently. Organizational history thereby becomes part of scientific capacity.

Political institutions encounter similar effects. Once administrative, commercial, and technologi-
cal systems depend upon a scientific standard, transition to an alternative involves coordination costs
extending beyond the institution that maintains the standard.

Co-evolution therefore possesses memory. Earlier interactions between astronomy and politics alter
the configuration from which subsequent interactions begin.

This memory also limits retrospective explanations that identify one apparently superior scientific
or administrative solution and assume that historical actors could have adopted it independently of prior
institutional development. Available trajectories depend upon accumulated infrastructures, expertise,
standards, and political commitments.

The resulting history is generative. Each phase produces conditions that shape the feasible relations
of the next phase without uniquely determining them.
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6.11 Scientific Change and Political Interpretation

Astronomical discoveries and theories can enter political thought only through interpretation. Their
political meaning therefore remains underdetermined by the scientific content itself.

A change in cosmological centrality can be interpreted as a lesson in human humility, decentralization,
scientific progress, religious transformation, or the power of mathematical reasoning. The astronomical
result alone does not select among these political meanings.

The same principle applies to relativity, cosmic evolution, complexity, and other modern scientific
ideas. Political actors can interpret them through pre-existing ideological and philosophical concerns.
Scientific vocabulary can therefore become politically productive while supporting divergent conclu-
sions.

This underdetermination is a central feature of co-evolution. Astronomy changes the conceptual
environment, while political interpretation selects and reorganizes astronomical ideas within existing
normative and institutional relations.

Political interpretation can subsequently influence which scientific features receive public attention.
A society concerned with national modernization can emphasize astronomical precision and techno-
logical achievement. A society concerned with planetary fragility can emphasize Earth’s smallness
and shared environment. A political culture interested in decentralization can find relational or non-
centralized scientific representations especially salient.

The public meaning of astronomy is therefore generated through the relation between scientific
knowledge and historically available political concerns.

This process also explains why the political influence of astronomy can survive changes in scientific
theory. A political symbol can detach partially from its original scientific context and persist through
cultural memory.

Historical analysis should therefore distinguish the scientific proposition, its contemporary interpre-
tation, its later symbolic afterlife, and the institutions through which those meanings circulated.

6.12 Co-Evolution without Historical Determinism

The concept of co-evolution requires a methodological boundary against historical determinism. Recip-
rocal influence does not establish a universal law linking one astronomical theory to one political form.

Similar astronomical knowledge can coexist with different political systems. Different cosmological
traditions can coexist within one political system. Political transformations can occur without correspond-
ing astronomical revolutions, and astronomical revolutions can occur without immediate reorganization
of political institutions.

The relevant historical claims are therefore conditional and relational. Astronomical knowledge mat-
ters politically where institutions, practices, and interpretive systems connect it to political action. Polit-
ical organization matters astronomically where it affects resources, authority, access, standards, preser-
vation, or scientific priorities.

This approach also avoids a civilizational ladder in which societies move through predetermined
cosmological-political stages. The histories examined in this paper demonstrate coexistence, persistence,
recombination, and unequal rates of transformation.

Dear’s analysis of the Scientific Revolution is useful in this respect because it emphasizes gradual,
uneven, and sometimes contradictory changes in mathematical and experimental practice rather than a
perfectly unified rupture [9]. A similar caution should guide political interpretation of scientific change.

Co-evolution therefore describes a family of historically specific feedback relations. Its explanatory
value depends upon identifying the mechanism connecting the domains in each case.

The mechanism can involve legitimacy, administration, infrastructure, measurement, military de-
mand, commerce, education, professional authority, public symbolism, or international coordination.
Several mechanisms can operate simultaneously.

A historical claim becomes stronger when these mediating relations can be identified through evi-
dence rather than inferred from similarity between an astronomical model and a political structure.
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6.13 Co-Evolution as a Historical Method

The preceding analysis supports a methodological interpretation of astronomical-political co-evolution.
The concept directs attention toward reciprocal sequences of transformation while preserving the distinct
causal and normative structures of astronomy and politics.

A co-evolutionary inquiry begins by identifying a concrete interface between the domains. Calendri-
cal administration, observatory patronage, navigation, time distribution, surveying, scientific education,
international standardization, or planetary intervention can each provide such an interface.

The inquiry then reconstructs the relations operating on both sides of that interface. Astronomical
analysis requires attention to observation, theory, instruments, standards, data, and scientific institutions.
Political analysis requires attention to authority, resources, administrative capacity, legitimacy, territorial
organization, law, and collective goals.

The next task is temporal. Historical analysis should identify how a change in one configuration
altered the conditions available to the other and whether the resulting change subsequently fed back into
the first domain.

This procedure distinguishes co-evolution from analogy. Analogy identifies structural resemblance.
Co-evolution identifies historically connected transformations.

It also distinguishes co-evolution from a claim of common essence. Astronomy and politics remain
different practices with different objects, methods, and criteria of validity. Their histories become con-
nected through institutions and relations whose importance changes over time.

The resulting framework can accommodate asymmetric influence, delayed effects, institutional per-
sistence, and historical recombination.

Under this interpretation, the history traced in the preceding sections forms a series of linked trans-
formations. Celestial observations enter political imaginaries. Political authority supports calendrical in-
stitutions. Calendrical and astronomical knowledge contribute to common political time. Maritime and
imperial demands support navigational astronomy. Navigation and surveying expand spatial political ca-
pacity. Observatories, archives, and standards stabilize astronomical knowledge. These infrastructures
then become conditions for new forms of scientific and political coordination.

Astronomy and politics consequently alter one another through a history of mediated feedback.
The philosophical significance of this account lies in the absence of a final external standpoint. Polit-

ical institutions participate in producing the epistemic infrastructures through which the heavens become
known. Astronomical knowledge subsequently changes the conceptual and practical environment within
which political order is interpreted. Each domain can therefore become part of the historical conditions
of the other’s later development.

The following section turns to one of the most consequential products of this co-evolution: the chang-
ing aesthetic and normative appearance of political order. As cosmological representations, scientific
methods, and political institutions develop together, the forms that appear harmonious, rational, natural,
advanced, or legitimate also change. Political aesthetics therefore provides a further domain in which
astronomy and politics meet through historically generated modes of perception.

7 The Historicity of Political Appearance

This section examines the historical conditions through which political order becomes perceptible as har-
monious, rational, legitimate, advanced, sacred, or desirable. Its role is to connect the preceding account
of astronomical and political co-evolution with the aesthetic and normative interpretation of political
form. The discussion proceeds through the mediation of political appearance, sacred and cosmological
modes of order, mathematical and scientific forms of intelligibility, the aesthetics of standardization, the
historical formation of taste, relational and generative modes of contemporary political appearance, the
coexistence of heterogeneous aesthetic regimes, and the distinction between aesthetic salience and nor-
mative justification. The section argues that astronomy contributes to political history partly by changing
the forms through which order can be seen, imagined, and valued, while no astronomical representation
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carries a fixed political meaning across historical contexts.

7.1 Political Appearance as Historical Mediation

Political institutions are experienced through more than formal rules and material consequences. They
also appear through symbols, spatial arrangements, rituals, administrative practices, language, represen-
tations, and expectations concerning what an intelligible political order should look like.

The term political appearance is used here for this historically mediated field of intelligibility. It
concerns the conditions under which a political configuration becomes recognizable as orderly, chaotic,
legitimate, modern, natural, beautiful, efficient, or unjust.

This concept does not imply that politics is reducible to appearance. Political institutions possess
material relations and causal effects that can diverge substantially from their public representation. The
analytical point is that subjects encounter those institutions through historically developed categories of
perception and interpretation.

Rancière’s account of the “distribution of the sensible” provides an important background for this
distinction. Political order includes a distribution of what can be perceived, articulated, heard, and recog-
nized as belonging to a common world [43]. Political aesthetics therefore concerns more than decoration
or artistic style. It concerns conditions of visibility and intelligibility.

Taylor’s concept of the social imaginary adds a complementary dimension. Collective political life
depends upon broader understandings of social relations, expectations, practices, and normative order
that extend beyond formal political theory [58]. Political appearance develops within such imaginaries.

Astronomical representations can contribute to this field because they provide especially powerful im-
ages of order. Celestial centrality, cyclicality, symmetry, mathematical regularity, vast scale, distributed
motion, and relational dependence can each become politically salient where historically available inter-
pretive systems connect them to collective life.

The relevant relation is therefore mediated twice. Astronomical phenomena become intelligible
through scientific, religious, or cultural interpretation, and interpreted celestial order subsequently en-
ters political imagination through historically specific institutions and concepts.

7.2 Sacred Cosmology and Political Legibility

In political orders where cosmology, ritual, and authority remain closely interrelated, legitimacy can
appear through correspondence between terrestrial and celestial order. Political hierarchy becomes in-
telligible within a wider cosmological structure, and the ruler’s position can acquire meaning through
relations extending beyond ordinary institutional administration.

The early Chinese material discussed in Section 2.2 provides one important example. Polar centrality,
celestial orientation, ritual order, and political authority entered overlapping systems of meaning [40,
66]. The political center thereby acquired intelligibility through a cosmological field in which spatial,
symbolic, ritual, and political relations reinforced one another.

The aesthetic force of such a configuration comes partly from correspondence. Political order appears
coherent because terrestrial relations participate in a larger intelligible pattern.

A similar structure can arise wherever political legitimacy is connected to cosmic, divine, ances-
tral, or sacred order. The precise cosmology can differ substantially, while the political form acquires
additional authority through its appearance as one part of a wider structure of meaning.

This mode of political appearance should not be treated as a simple historical precursor to scientific
rationality. Sacred and cosmological symbolism can persist within technologically advanced political
systems. Ritual, astronomical heritage, national mythology, and scientific institutions can coexist within
the same political culture.

The relevant historical transformation therefore concerns changing relations among modes of legiti-
macy rather than complete replacement. Scientific and bureaucratic authority can become increasingly
important while sacred forms of political appearance remain available for ceremonial, cultural, or na-
tional purposes.
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7.3 Cosmic Beauty and Normative Association

The connection between celestial order and political appearance is strengthened where cosmic order
is experienced aesthetically. Symmetry, regularity, proportion, periodicity, stability, and mathematical
intelligibility can generate admiration independently of any explicit political theory.

Plato’s Timaeus provides an influential philosophical example in which the ordered cosmos is con-
nected with intelligibility, proportion, beauty, and goodness [42]. Such philosophical traditions help
explain why cosmic order can become more than a descriptive object. It can participate in normative
imagination.

The movement from beauty to political value remains interpretive. A harmonious celestial represen-
tation can make harmony itself appear politically desirable. A stable center can make political centrality
aesthetically compelling. Mathematical proportion can support admiration for formally ordered institu-
tions.

These associations can become politically consequential even where the underlying analogy is weak.
Human institutions and astronomical systems possess different causal structures, while aesthetic resem-
blance can create an intuitive sense of appropriateness.

The political danger lies in the conversion of aesthetic coherence into normative immunity. An
institution can appear harmonious while distributing power or vulnerability unjustly. A highly symmetric
political structure can suppress valuable difference. A stable order can preserve domination.

The paper therefore treats cosmic beauty as a source of political salience whose normative signifi-
cance remains open to separate evaluation.

This distinction also applies in the reverse direction. Political values can shape which features of the
cosmos are experienced as beautiful. A culture that values hierarchy can admire ordered rank. A culture
that values universality can admire mathematical invariance. A culture increasingly oriented toward
networks and emergence can find distributed relational structures especially compelling.

Cosmic aesthetics and political normativity therefore participate in a reciprocal history.

7.4 Scientific Rationality as Political Appearance

The rise of mathematical and observational sciences altered the forms through which rational order could
appear. Scientific authority increasingly became associated with explicit method, measurement, predic-
tion, reproducibility, formal consistency, and comparison with observation.

Dear’s account of the Scientific Revolution demonstrates that the development of mathematical and
empirical practices was historically gradual and internally complex [9]. The resulting transformation
nevertheless changed the cultural authority of mathematical representation and disciplined observation.

Astronomy was especially important within this development because it combined long traditions
of mathematical calculation with increasingly precise observation, instrumentation, prediction, and later
physical explanation.

Scientific rationality thereby supplied a new aesthetic of order. A system can appear admirable
because its operations are explicit, regular, measurable, and predictable.

Political institutions increasingly exposed to statistics, standardized records, accounting, engineering,
and scientific administration could acquire similar aesthetic expectations. A well-governed state could
come to appear as one whose operations were legible, measurable, coordinated, and rule-bound.

The parallel remains historical rather than deductive. Mathematical astronomy did not generate bu-
reaucratic government by itself. The development of modern administration also depended upon law,
commerce, taxation, military organization, literacy, industrialization, communication, and numerous
other relations.

Astronomy nevertheless contributed to a wider epistemic environment in which formalized predic-
tion and measurement became powerful signs of rationality.

This shift changes political appearance. Authority increasingly justified through technical compe-
tence can look more legitimate where scientific rationality possesses high cultural prestige. Administra-
tive procedures can appear superior because they resemble valued epistemic practices of precision and
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regularity.
Scientific appearance therefore becomes one historical form of political aesthetics.

7.5 Standardization and the Aesthetics of Administrative Order

The histories of time, navigation, measurement, and observatory coordination developed in Sections 3
through 5 reveal another mode of political appearance: standardized order.

A common calendar, synchronized clocks, a shared meridian, standardized units, and comparable
observations make heterogeneous activity appear within one coherent representational system.

The practical advantages are substantial. Standards permit coordination across distance, reduce am-
biguity at interfaces, and make information produced by different institutions mutually usable.

Standardization also has an aesthetic dimension. Uniform categories, common units, regular sched-
ules, continuous maps, and synchronized clocks create a visible impression of comprehensiveness and
control.

The political system becomes easier to imagine as a whole because its components appear within one
representational framework.

This appearance can strengthen administrative legitimacy. A state capable of producing accurate
maps, synchronized railways, reliable calendars, systematic statistics, and regular public services can
appear competent partly through the perceptible regularity of its infrastructure.

The same aesthetic can obscure the selective character of standardization. Common categories nec-
essarily suppress some local differences. Administrative legibility can create an impression of complete-
ness even where informal, cultural, ecological, or relational structures remain poorly represented.

Standardization therefore has a double political significance. It can increase actual coordination
capacity while also generating an appearance of total knowledge exceeding what the institution possesses.

Astronomical infrastructures provide unusually clear historical examples because the relation be-
tween local observation and common standard is visible. Greenwich time coordinates different localities
without making their local conditions identical. A prime meridian relates positions without exhausting
the meaning of place. A star catalogue organizes observational knowledge while remaining dependent
upon specific instruments and reference conventions.

These cases show that standardized appearance should be interpreted as structured interoperability
rather than complete homogeneity.

7.6 Taste and the Historical Formation of Political Preference

Political aesthetics is historically situated because standards of beauty, elegance, sophistication, and good
order are socially formed.

Bourdieu’s analysis of taste emphasizes that aesthetic judgment develops within social histories and
relations of distinction rather than operating as a purely individual response to objects [2]. Although his
analysis concerns cultural taste more directly than political astronomy, the broader implication is relevant:
what appears refined, natural, or compelling depends partly upon historically acquired dispositions.

Political preferences can contain similar aesthetic dimensions. One period can admiremonumentality
and symmetry. Another can privilege functional simplicity. Another can value transparency, participa-
tion, flexibility, or organic adaptation.

Scientific culture contributes to these dispositions. Familiarity with mathematical elegance can in-
crease admiration for formal simplicity. Familiarity with engineering systems can increase appreciation
of modular organization. Familiarity with ecology and network science can increase sensitivity to inter-
dependence and distributed resilience.

Astronomy can participate in this historical formation because changing representations of the uni-
verse repeatedly introduce new images of order into public culture.

The importance of such images depends upon education, media, scientific institutions, artistic repre-
sentation, and political discourse. Astronomical knowledge does not enter political sensibility without
mediation.
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Political taste is therefore generated through intersecting histories of science, culture, institutions,
class, technology, and collective experience.

The recognition of this historicity creates a reflexive problem. Contemporary observers may regard
decentralized, relational, adaptive, or networked political forms as intrinsically more sophisticated partly
because those forms resonate with contemporary scientific and technological imaginaries.

Their normative value must therefore be established through their consequences and justificatory
relations rather than through contemporary aesthetic attraction alone.

7.7 Relational Order and Contemporary Political Appearance

Contemporary intellectual environments increasingly make relational forms of order visible. Network
analysis, ecology, complex systems, distributed computing, modern physics, and global communication
technologies all contribute to representations in which order can emerge through interaction rather than
through one visibly commanding center.

Astronomy contributes to this environment through representations of gravitational systems, large-
scale structure, fields, orbital relations, relativistic frames, and cosmological evolution. Modern astro-
nomical order can be understood through relations among bodies, observers, signals, and evolving struc-
tures rather than through a single fixed cosmic hierarchy.

This representational environment can make relational political forms aesthetically attractive. Dis-
tributed coordination, polycentric governance, adaptive institutions, networks, interoperability, and emer-
gence can appear appropriate to societies understood as complex relational systems.

The political relevance remains interpretive. A gravitationally interacting system provides no di-
rect institutional prescription. The value of distributed governance must be justified through political
conditions such as accountability, effectiveness, equality, resilience, and protection from domination.

The historical significance lies in a change in what can readily appear as order. A centralized hi-
erarchy is no longer the only intuitively available form of coherence. Distributed systems can appear
structured without possessing one commanding center.

This expanded field of intelligibility has consequences for political imagination. Political theory can
askwhether coordination requires hierarchy, whether common standards can coexist with local autonomy,
and whether collective order can emerge through regulated relations among heterogeneous actors.

The astronomical histories developed earlier in this paper provide practical examples of such co-
ordination. Observatory networks, international standards, time systems, and scientific unions achieve
substantial order through interoperability among distributed institutions.

The attractiveness of relational order should nevertheless remain reflexive. Contemporary political
thought can overvalue flexibility and decentralization just as earlier periods could overvalue hierarchy,
symmetry, or centralization.

Relationality is therefore one historically situated mode of political appearance whose normative
adequacy must remain open to evaluation.

7.8 Plural Regimes of Political Appearance

Political appearance develops through several historical regimes that can coexist within the same soci-
ety. Sacred legitimacy, scientific rationality, bureaucratic regularity, national symbolism, democratic
participation, technological modernity, and relational adaptability can all remain politically salient si-
multaneously.

The coexistence of these modes challenges sequential accounts in which one political aesthetic com-
pletely replaces another.

A contemporary state can maintain ancient calendrical festivals, national rituals, scientific agencies,
statistical bureaucracies, parliamentary procedures, digital platforms, and international technical mem-
berships within one political configuration.

Each institution can draw upon a different mode of appearance.
A ceremonial institution can derive legitimacy from historical continuity.
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A statistical agency can derive legitimacy from methodological neutrality and precision.
A court can appear legitimate through procedural regularity and inherited legal form.
A scientific organization can appear authoritative through expertise and international standards.
A participatory institution can appear legitimate through inclusion and public voice.
A distributed network can appear resilient through adaptability and decentralized coordination.
Political order therefore consists partly of a negotiated coexistence among different regimes of ap-

pearance.
The same multiplicity occurs within astronomy. Ancient celestial symbols, classical star names,

national observatories, mathematical astrophysics, international scientific standards, and contemporary
space technology coexist within modern astronomical culture.

Historical development consequently produces layering and recombination. Earlier forms can sur-
vive because they perform symbolic or institutional functions distinct from those served by later scientific
representations.

This layered structure makes political recurrence especially complex. A sacred symbol can return
within a technicallymodern state without recreating the historical relations in which the symbol originally
operated.

The appearance recurs while the relational configuration changes.

7.9 Aesthetic Recurrence and Relational Transformation

The persistence and return of political forms create a distinction between aesthetic recurrence and rela-
tional recurrence.

A political institution can revive an ancient title, architectural form, ceremonial calendar, cosmic
symbol, or language of restoration. To an observer, the later configuration can appear to reproduce an
earlier order.

The surrounding relations can nevertheless differ profoundly. Technologies, economic systems, legal
institutions, educational structures, international relations, scientific knowledge, and political subjects
may all have changed.

The recurrence therefore occurs at a selected level of representation.
This distinction is especially important in astronomical-political history because celestial symbols

possess unusual longevity. The same stars and constellations remain available to successive societies
even while their interpretations change.

An ancient celestial image can therefore re-enter political culture under relations unavailable to its
original users.

The historical object is consequently neither pure repetition nor complete novelty. Some structures
persist or return, while others transform.

The paper will later formalize this problem through historical equivalence and quotient-dependent
recurrence. For the present discussion, the essential point is that political appearance can recur more
readily than the full relational system through which the appearance is generated.

Aesthetic recurrence can therefore create an illusion of deeper historical return where the preserved
similarities are visually or symbolically salient.

Responsible historical interpretation requires specification of the level at which recurrence is being
claimed.

7.10 Aesthetic Salience and Normative Justification

The historical relation among astronomy, beauty, and political order requires a clear distinction between
aesthetic salience and normative justification.

A political arrangement can appear elegant because it has a simple formal structure. It can appear
natural because it resembles an admired cosmological model. It can appear modern because its represen-
tation uses scientific language. It can appear resilient because it resembles a distributed network.

None of these appearances independently establishes justice.
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The distinction applies equally to contemporary preferences. Relationality, emergence, adaptability,
and decentralization can acquire positive aesthetic associations within current scientific and technolog-
ical culture. Their political value still depends upon how they affect rights, vulnerability, participation,
capability, accountability, and distributions of power.

Centralized institutions can sometimes protect public goods more effectively than fragmented sys-
tems. Standardization can sometimes enable equality of access. Hierarchical decision structures can
sometimes be necessary for emergency coordination. Distributed systems can reproduce inequality
through less visible mechanisms.

Normative evaluation therefore requires attention to generated relations rather than the aesthetic form
through which the institution initially appears.

The same principle applies historically. A cosmologically harmonious kingdom cannot be evaluated
solely through the coherence of its celestial symbolism. A scientifically administered state cannot be
evaluated solely through the precision of its measurements. A contemporary networked institution cannot
be evaluated solely through the sophistication of its relational architecture.

Political aesthetics influences perception and motivation while remaining only one component of
political judgment.

7.11 Reflexivity of Contemporary Astronomical Imagination

The historicity of political appearance applies to the present paper itself. The attraction of astronomical
concepts such as relationality, distributed observation, multiple reference frames, dynamic structure, and
large-scale interdependence belongs partly to the intellectual environment in which this inquiry is being
conducted.

A different historical period might have emphasized celestial hierarchy, perfect circular motion, im-
mutable spheres, or divine correspondence.

Contemporary astronomy makes different structures salient. The universe is understood as evolving.
Observation is position-dependent. Signals require time to propagate. Large structures emerge through
long histories. Different scales require different forms of description.

These scientific features can resonate strongly with contemporary political concerns involving global
interdependence, plural perspectives, distributed governance, ecological vulnerability, and institutional
adaptation.

Such resonance is philosophically productive because it can generate new questions. It can also
produce aesthetic bias if conceptual novelty is confused with normative superiority.

A reflexive astronomical politics should therefore ask why particular scientific images appear com-
pelling within the present historical situation.

This reflexivity is consistent with the paper’s co-evolutionary method. Political interpretation of
astronomy belongs to history and can itself change as political problems, scientific theories, and aesthetic
sensibilities change.

The paper consequently treats contemporary relational interpretations as one historically situated
contribution to political reflection rather than as the final political meaning of modern astronomy.

7.12 Historical Appearance within Astronomical-Political Co-Evolution

The analysis developed in this section adds an aesthetic and interpretive layer to the co-evolutionary
framework of Section 6.

Astronomical knowledge changes the representations through which cosmic order becomes intelligi-
ble.

Political and cultural institutions determinewhich of those representations circulate widely andwhich
acquire symbolic authority.

Social imaginaries connect celestial representations to conceptions of collective order.
Aesthetic judgment makes some political configurations especially salient as harmonious, rational,

elegant, stable, or modern.
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Political practice then institutionalizes selected forms of order, producing new experiences that can
reinforce or challenge their original appearance.

The process is recursive. Political institutions help generate astronomical knowledge, astronomical
knowledge changes the available images of order, those images enter political interpretation, and political
institutions subsequently develop within the altered interpretive environment.

This account explains why the relation between astronomy and politics cannot be captured through
a catalogue of metaphors alone. The historically important object is the changing field in which certain
forms of order become visible and persuasive.

It also explains why political aesthetics cannot determine political normativity. Appearance belongs
to the historical generation of judgment, while the consequences of political order require additional
empirical and normative evaluation.

The following section turns from historically changing modes of appearance to the structure un-
derlying many of them: the recurrent search for order across changing astronomical and political rep-
resentations. It examines whether an analytical distinction can be made between historically variable
manifestations of order and more general relational properties through which systems become coherent,
stable, coordinated, or intelligible.

8 Relational Invariants of Order

This section examines whether historically changing representations of celestial and political order never-
theless preserve more general relational properties. Its role is to distinguish the visible or symbolic form
through which order appears from the structural relations through which a configuration remains coher-
ent, coordinated, persistent, or intelligible. The discussion proceeds through the concept of invariance,
the relation between order and constraint, regularity and predictability, coordination and differentiation,
persistence under change, scale dependence, symmetry and transformation, heterogeneous order, and
the political risks of treating one historical manifestation of order as universally necessary. The sec-
tion argues for a modest conception of order invariance: some relational properties can persist across
substantial changes of representation, while the particular institutional or cosmological forms through
which those properties are realized remain historically variable.

8.1 From Historical Manifestations to Relational Properties

The preceding section distinguished historically variable regimes of political appearance. A sacred hier-
archy, a geometrically represented cosmos, a standardized bureaucracy, and a distributed network can all
appear orderly through different aesthetic and epistemic vocabularies. Their differences raise a further
analytical problem. If the manifestations of order vary so widely, the continued use of the concept of
order requires some account of what is being recognized across those differences.

One response would identify one privileged historical form and treat other configurations as approx-
imations to it. A centralized hierarchy could be taken as the paradigm of order, for example, with dis-
tributed systems described as secondary deviations. Modern systems theory could reverse the preference
and treat decentralized emergence as the more sophisticated form.

Both approaches risk converting historically situated political aesthetics into general ontology.
A more cautious approach begins with relations. An ordered configuration contains differences that

are connected through sufficiently persistent relations, constraints, regularities, or coordination mecha-
nisms for some structure to remain identifiable across relevant changes.

This definition is intentionally broad. It does not specify whether the relations are hierarchical, re-
ciprocal, centralized, distributed, legal, gravitational, symbolic, informational, or economic. Those dis-
tinctions belong to the concrete system under investigation.

Order therefore concerns the organization of difference. A perfectly undifferentiated configuration
would contain little structure to organize. Political and astronomical systems alike contain heterogeneous
elements whose relations generate recognizable patterns.
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This relational approach also separates order from stillness. A configuration can remain highly or-
dered while every component moves. Planetary systems, rotating celestial spheres in historical cosmolo-
gies, clock networks, transportation systems, markets, and political institutions can exhibit persistent
structure through continuing change.

The relevant question is therefore less whether a system changes than whether relations constrain
and organize that change in ways that preserve identifiable structure at the scale under consideration.

8.2 Invariance as Preservation under Transformation

The mathematical concept of invariance provides a useful conceptual vocabulary for this distinction. An
invariant is a property that remains unchanged under a specified class of transformations. If T denotes
an admissible transformation and I a property of interest, invariance can be expressed compactly as
I(Tx) = I(x).

The philosophical importance lies in the phrase specified class of transformations. Nothing is in-
variant in every possible sense. A distance can be preserved under one transformation and altered under
another. A political institution can preserve a constitutional relation while changing its personnel, or
preserve an administrative function while changing its legal form.

Claims of invariant order therefore require three specifications: the object being transformed, the
transformations considered admissible, and the property claimed to persist.

This structure is useful for historical interpretation. A dynasty can change while calendrical author-
ity remains centralized. A scientific theory can change while institutional dependence upon long-term
observation persists. A political form can become more decentralized while retaining common standards
required for coordination.

The preserved relation constitutes a limited invariant across the specified historical transformation.
This use of invariance differs from a claim that history possesses timeless political laws. The invariant

is local to an analytical comparison. Another choice of transformation or property can reveal substantial
discontinuity.

The same caution applies to astronomy. Astronomical theories preserve some observational rela-
tions while changing the conceptual structures through which those relations are explained. Historical
continuity in measurement does not imply continuity in cosmology.

Invariance therefore provides a language for identifying structured continuity without converting
continuity into metaphysical permanence.

8.3 Constraint and the Generation of Order

One recurrent property of ordered systems is constraint. Relations restrict the set of changes that can
occur while preserving the configuration under consideration.

Celestial order is especially intuitive in this respect. Astronomical bodies do not occupy arbitrary
positions or follow arbitrary trajectories. Their development is constrained by physical relations, initial
conditions, and the dynamics governing the system.

Political order likewise contains constraints, although their nature differs. Law constrains some ac-
tions. Administrative procedures constrain decision sequences. Budgets constrain available interven-
tions. Norms constrain socially acceptable behavior. Material conditions constrain institutional possibil-
ities. International relations constrain domestic action.

Constraint alone does not establish desirable order. Severe domination can produce highly con-
strained and stable political systems. The analytical point is narrower: persistent order requires some
mechanism through which possible changes are structured.

The nature of constraint also affects the form of order.
A highly centralized political system can concentrate constraints in a small number of authoritative

institutions.
A polycentric system can distribute constraints across interacting jurisdictions.
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A constitutional system can place constraints upon the institutions that exercise ordinary political
authority.

A market can coordinate activity partly through price relations and legal constraints without one
institution specifying every transaction.

Astronomical analogies are useful here only at a high level of abstraction. Physical constraints and
political constraints possess different ontological and normative properties. The common analytical struc-
ture is that unconstrained difference does not by itself generate persistent coordination.

The political problem concerns which constraints exist, how they are generated, who can revise them,
whose action they restrict, and which capacities they make possible.

Order therefore becomes a problem of the organization of constraint rather than the mere presence
of constraint.

8.4 Regularity and Predictive Intelligibility

A second recurring property of order is regularity. Repeated relations permit observers to form expecta-
tions concerning future states of a system.

Astronomy has historically provided unusually powerful demonstrations of this capacity. Calendrical
prediction, planetary tables, eclipse calculation, and later increasingly precise ephemerides made celes-
tial order politically important partly because recurrent astronomical relations could support actionable
expectations.

The history traced in Sections 3 and 4 demonstrates the practical importance of such predictability.
Calendars coordinate future activities because relevant celestial cycles can be anticipated. Navigation de-
pends upon predicted celestial positions. Standardized time depends upon stable procedures for relating
observations to temporal reference.

Political institutions also generate expectations. Laws allow subjects to anticipate consequences.
Administrative procedures make decisions more predictable. Electoral schedules create expectations
concerning political succession. Fiscal systems allow organizations to plan across future periods.

Predictability contributes to political order because coordination becomes difficult when every actor
must continuously reconstruct the behavior of every other actor.

Absolute predictability is neither necessary nor generally attainable. Political systems contain strate-
gic action, innovation, contingency, and interpretation. Astronomical systems themselves can possess
complex dynamics whose long-term behavior is difficult to predict even when the governing relations
are known.

The relevant invariant is therefore weaker. Ordered systems often preserve enough regularity for
some expectations to remain actionable over a specified temporal horizon.

This horizon matters. A political institution can be predictable in the short term and unstable over
decades. A celestial system can exhibit reliable local motion while remaining difficult to predict over
very long timescales.

Order and predictability are consequently scale-dependent relations.

8.5 Coordination without Uniformity

A third recurring property is coordination. Components of an ordered system can remain different while
their activities become mutually compatible through relations, standards, or shared constraints.

The astronomical infrastructures examined earlier provide strong historical examples. Observatory
networks occupy different geographical locations. Navigators, astronomers, clockmakers, railway com-
panies, and state agencies perform different activities. Their coordination depends upon common tem-
poral, spatial, and measurement interfaces rather than identical internal organization.

Greenwich time provides one especially clear case [46, 48]. Common time coordinates heteroge-
neous activities while preserving their substantive differences.
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The International Astronomical Union provides a later transnational example. National scientific
communities and specialized research groups remain organizationally distinct while participating in
shared conventions and professional structures [22].

Political order therefore need not imply homogeneity. A federation, legal system, international orga-
nization, or polycentric governance arrangement can coordinate heterogeneous units through interfaces
governing only the relations necessary for cooperation.

This distinction has important normative consequences. Attempts to increase order through complete
homogenization can destroy locally valuable differences. Conversely, unrestricted heterogeneity can
create coordination failures where shared action is required.

The problem of political order becomes one of determining which relations require interoperability
and which differences can remain internally self-organized.

Astronomical infrastructures demonstrate that common reference systems can achieve substantial
coordination while leaving participating institutions heterogeneous.

The deeper invariant is therefore coordination of difference rather than elimination of difference.

8.6 Persistence through Change

Ordered systems can remain recognizable while their components change. This persistence through
transformation is another important relational property.

An observatory can remain institutionally continuous while generations of astronomers, instruments,
scientific theories, and administrative arrangements change. A calendar can retain its social role while
calculation methods are revised. A state can remain legally continuous while governments and policies
change.

Persistence therefore cannot always be identified with material sameness.
The relevant continuity can exist at the level of function, relation, procedure, institutional memory,

legal identity, or recognized historical succession.
This distinction has particular importance for political theory because institutions must balance con-

tinuity with adaptability. Excessive rigidity can make an order incapable of responding to changed con-
ditions. Excessive instability can destroy expectations and accumulated capacities necessary for coordi-
nation.

Astronomical institutions again provide useful historical examples. Timekeeping institutions changed
as measurement moved from astronomical determinations toward atomic standards, while the wider func-
tion of providing interoperable time continued through institutional reorganization [18].

The preserved structure therefore existed at a different level from the specific measurement technol-
ogy.

Political continuity can operate similarly. A constitutional commitment can persist while the institu-
tions used to realize it change. A public function can remain while organizational responsibility moves
from one agency to another.

The analytical challenge is to identify the relation through which continuity is attributed.
Persistence is consequently another criterion-dependent form of invariance.

8.7 Scale and the Multiplicity of Order

Order depends upon scale. A configuration that appears irregular at one level can display strong regularity
at another, while a system that appears stable in aggregate can contain substantial local instability.

Astronomymakes this dependence especially visible. Stellar motion can appear negligible within one
human lifetime while becoming significant across longer timescales. A galaxy can possess large-scale
structure while individual stellar trajectories remain complex. A planetary system can exhibit regular
orbital patterns while small perturbations accumulate over time.

Political systems display comparable scale dependence. A national economy can appear stable while
particular communities experience severe disruption. A constitutional system can remain formally con-
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tinuous while local institutions undergo substantial transformation. An international order can exhibit
persistent state structures while alliances and economic relations change rapidly.

Claims concerning political order should therefore specify the relevant scale.
An institution can be orderly administratively while socially fragmented.
A society can possess high aggregate predictability while distributing uncertainty unequally.
A political system can coordinate effectively at the national level while creating severe incompatibil-

ities at local scales.
This scale dependence prevents the concept of order from functioning as one undifferentiated nor-

mative category.
Astronomical thinking is useful here because it habituates analysis to scale-sensitive description.

Different structures become salient at different spatial and temporal resolutions.
Political analysis similarly requires movement among scales rather than assuming that one level

provides a complete description of the system.
Order is therefore better represented as a family of scale-indexed properties than as one global state.

8.8 Symmetry and Structured Difference

Symmetry provides another important way in which order becomes perceptible. Repeated relations,
balanced structures, and invariance under transformation can make complex systems appear intelligible.

Celestial symmetry has long possessed aesthetic and philosophical importance. The ordered cosmos
described in Plato’s Timaeus connects geometrical structure with intelligibility and beauty [42]. Later
mathematical sciences greatly expanded the role of invariant and symmetric representations in under-
standing natural phenomena.

Political thought can likewise find symmetry attractive. Equal legal status, uniform procedures, bal-
anced institutional powers, regular territorial divisions, and standardized administration can all acquire
normative or aesthetic significance partly through structured similarity.

Political justice, however, cannot be reduced to symmetry.
Equal treatment can reproduce injustice where relevant conditions differ. Asymmetric institutional

arrangements can sometimes protect vulnerable populations or accommodate historically distinct com-
munities. Federal systems can assign different competences to different levels. International agreements
can impose differentiated obligations.

Order therefore requires a distinction between symmetry and structured difference.
A system can remain coherent because differences are organized relationally rather than eliminated.
This point is especially important for international and plural political orders. States differ in pop-

ulation, resources, geography, history, and institutional capacity. Political coordination cannot always
proceed by requiring identical internal structures.

Common interfaces can preserve a higher-level symmetry of participation while allowing lower-level
institutional differences.

Astronomical-political history therefore suggests a more general conception of order in which sym-
metry constitutes one possible organizing relation among others.

8.9 Order under Heterogeneity

The persistence of heterogeneous components creates a stronger test for any general conception of order.
If order required complete similarity among components, many complex scientific and political systems
would count as disordered precisely because they contain differentiated functions.

Historical observatories, navigation systems, and international scientific organizations demonstrate
the opposite. Their capacity emerges through functional differentiation.

Astronomers observe and calculate.
Instrument makers construct and maintain devices.
Navigators interpret ephemerides under maritime conditions.
Administrators allocate resources.
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Communication networks distribute signals.
International organizations coordinate conventions.
The order of the system emerges through relations among different functions.
Political institutions exhibit comparable differentiation. Courts, legislatures, administrative agen-

cies, local governments, civic organizations, markets, scientific bodies, and international institutions can
contribute to collective coordination without becoming instances of one organizational form.

Heterogeneity therefore becomes compatible with order where relations among different components
remain sufficiently intelligible and mutually sustainable.

This point changes the political meaning of unity.
Unity can consist in shared identity or common command, but it can also consist in the preservation

of relations that allow differentiated systems to coexist and coordinate.
The distinction is especially important for plural societies and international governance. Attempts to

produce unity through substantive homogenization can destroy capacities generated through difference.
A relational conception of order instead asks which connections allow difference to persist without

producing destructive incompatibility.

8.10 Order and Generative Capacity

Persistence and predictability alone provide an incomplete account of political order. A configuration can
remain highly stable while suppressing learning, adaptation, creativity, participation, or the emergence
of future capacities.

The analysis therefore requires a distinction between static persistence and generative order.
A generative order preserves enough structure for coordinated activity while also permitting the

system to produce new relations, knowledge, capacities, and forms of organization.
Astronomical science itself depends upon such an arrangement. Stable observatories, archives, stan-

dards, and professional institutions provide continuity. Scientific development depends upon the capac-
ity to revise theories, replace instruments, introduce new methods, and incorporate observations that
challenge previous expectations.

An institution preserving every earlier procedure without revision could remain stable while becom-
ing scientifically unproductive.

Political systems face an analogous problem. Legal stability, public infrastructure, and institutional
memory can provide conditions for collective action. Excessive closure can prevent adaptation when
historical circumstances change.

Order therefore possesses a temporal dimension. A configuration should be evaluated partly through
the trajectories it makes possible.

This generative criterion also prevents the concept of order from becoming automatically conserva-
tive. Existing stability acquires no normative priority merely because it is stable.

A politically valuable order may need to preserve the conditions through which its own institutions
can be criticized, revised, and transformed.

The relevant invariant can therefore concern the persistence of generative capacity rather than the
persistence of one institutional form.

8.11 Order and the Distribution of Disorder

Descriptions of political order can conceal the distribution of instability. A system that appears highly
ordered from one institutional position can impose uncertainty and disruption upon other actors.

Imperial surveying provides a historical example of this asymmetry. A territory made increasingly
legible to a central administration can appear more ordered from the perspective of the mapping institu-
tion while local spatial practices become displaced or subordinated [11].

Standardized time can similarly improve network coordination while imposing new forms of tempo-
ral discipline upon workers and institutions [59, 46].

The production of order at one level can therefore externalize disorder onto another.
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This observation is normatively important. Aggregate stability cannot serve as a sufficient criterion
of political order where the burdens required to sustain that stability are distributed unequally.

A system can preserve predictable administrative relations through coercion. It can maintain stable
prices by exposing particular populations to severe insecurity. It can protect territorial order through
displacement at political boundaries.

The relational question therefore concerns who experiences the order, who bears the uncertainty
required to maintain it, and which perspectives are represented in the description.

Astronomy again supplies a useful methodological lesson through distributed observation. Different
positions yield different observational access, and no single local observation automatically exhausts the
system.

Political order should likewise be examined from multiple relational positions.
The normative evaluation of order requires more than demonstrating structural coherence. It requires

analysis of how coherence and instability are distributed among subjects.

8.12 Order Invariants and Political Comparison

A relational conception of invariance can improve historical political comparison. Instead of asking
whether two political systems instantiate the same visible form, analysis can ask which organizational
properties persist across their differences.

Two systems can both provide temporal coordination through very different institutions.
Two political orders can both constrain executive authority through different constitutional arrange-

ments.
Two scientific networks can both preserve distributed observation while using different technologies.
Two international systems can both provide interoperability while relying upon different standards

and organizations.
Comparison at this level identifies functional or relational continuity without requiring institutional

identity.
The approach also clarifies historical change. A transition can preserve some invariants while altering

others. Central authority can decline while interoperability increases. Formal hierarchy can persist while
practical decision-making becomes more distributed. Symbolic continuity can coexist with substantial
transformation of material relations.

Historical comparison therefore benefits from an explicit account of the property being preserved.
This approach anticipates the paper’s later discussion of historical equivalence and recurrence. Claims

that one historical order returns depend upon which relations are treated as relevant invariants and which
differences are abstracted.

Order and recurrence are consequently linked through the problem of representation.

8.13 Limits of the Invariance Concept

The language of invariance creates its own risks.
First, an analyst can select a sufficiently abstract property that appears across nearly every political

system. Such an invariant contributes little explanatory value. The claim that every functioning political
order contains some constraint, for example, is plausible but too general to distinguish among important
institutional configurations.

Second, invariant language can obscure historical novelty. New political relations can emerge whose
significance disappears when the analysis focuses only upon structures shared with earlier systems.

Third, the analyst selects the transformation class and preserved property. Invariance therefore re-
flects an analytical decision as well as an observed relation.

Fourth, relational persistence carries no automatic normative value. Domination, exclusion, and
inequality can themselves become historically persistent.

Fifth, apparent invariance can result from the representation through which different cases are com-
pared. A sufficiently coarse classification can make substantially different systems appear identical.
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The concept should therefore be used at the intermediate level where preserved relations remain
specific enough to illuminate historical comparison while general enough to survivemeaningful variation
of form.

The purpose is analytical clarification rather than discovery of one permanent political essence.

8.14 Order without a Final Historical Form

The preceding analysis supports a conception of order that does not require one final institutional mani-
festation.

Order can be centralized or distributed.
It can rely upon hierarchy, mutual constraint, standards, coordination protocols, or combinations of

these mechanisms.
It can preserve continuity through institutional identity or through transfer of functions among chang-

ing institutions.
It can maintain common interfaces while permitting substantial internal heterogeneity.
It can remain ordered while undergoing continuous transformation.
The historical relation between astronomy and politics makes this plurality especially visible. Celes-

tial order has been represented through sacred centrality, geometric harmony, mathematical prediction,
physical law, relational dynamics, and evolving cosmological structure. Each representation makes dif-
ferent properties salient.

Political order has undergone comparable changes of appearance. Hierarchy, virtue, regularity, le-
gality, standardization, representation, participation, interoperability, and generativity have each become
salient under different historical conditions.

No single manifestation therefore exhausts the concept of order.
The more durable analytical properties concern relations: constraints that structure possible change,

regularities that support expectation, interfaces that permit coordination, continuities that survive trans-
formation, and generative capacities that allow the system to adapt without losing all coherence.

These properties remain scale-dependent and normatively incomplete. They describe dimensions
through which order can be analyzed rather than criteria through which political goodness can be com-
pletely determined.

This distinction allows the paper to preserve both historical variability and structural comparison.
Political forms can change substantially while some relations remain recognizable. Apparent continuity
can coexist with deeper transformation. The analyst must therefore specify the level at which order,
identity, and difference are attributed.

The following section develops the historical consequence of this problem. Once order is understood
through selected relational properties, claims of historical return depend uponwhich properties are treated
as preserved. Historical recurrence can therefore occur within one representation while disappearing
within another. The next section examines this quotient-dependent structure of historical recurrence and
its implications for astronomical and political history.

9 Historical Recurrence and Quotient-Dependent Return

This section examines the conditions under which a historical configuration can be said to return. Its
role is to connect the relational invariants developed in Section 8 with the historical problem of recur-
rence. The discussion proceeds through exact recurrence, recurrence under equivalence, symbolic and
institutional return, relational persistence beneath formal transformation, approximate similarity, path
dependence, narrative configuration, plural levels of recurrence, and the normative use of historical anal-
ogy. The central argument is that historical recurrence depends upon the representation through which
configurations are compared. A later political or astronomical configuration can recur under one criterion
while remaining substantially transformed under another.
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9.1 Exact Recurrence and Historical State

The strongest possible meaning of historical recurrence would require a later configuration to reproduce
an earlier configuration in all relations considered relevant to the historical description.

Such recurrence is difficult to sustain in social history. A later institution can restore an earlier ti-
tle, constitution, dynasty, ritual, calendar, or symbolic form while operating within a different economic
structure, technological environment, international system, demographic configuration, epistemic cul-
ture, and historical memory.

The same problem appears in astronomical history at the level of knowledge and institutions. A
traditional celestial symbol can be revived within a society whose scientific account of the underlying
astronomical phenomenon has changed substantially. The visible object may remain available, while the
relations through which it becomes intelligible have changed.

Historical time therefore introduces an asymmetry into return. The later configuration contains the
intervening trajectory as part of its conditions. Restoration does not erase the history through which
restoration became possible.

This point gives a relational meaning to the familiar intuition that historical events do not simply re-
peat. Marx’s opening discussion in The Eighteenth Brumaire of Louis Bonaparte remains one of the most
influential formulations of the problem of political repetition, historical inheritance, and the reappearance
of earlier political language within changed circumstances [31].

The present paper develops the issue through representation rather than through a universal claim
concerning repetition. Exact recurrence requires a demanding criterion of identity. Most historical claims
of return operate through weaker forms of equivalence.

9.2 Historical Equivalence and Quotient Representation

Historical classification requires selective abstraction. Two configurations can be treated as the same
type because an inquiry preserves some relations and sets other differences aside.

LetR denote a space of historically describable relational configurations and let∼C denote an equiv-
alence relation generated by a criterion C. The quotientR/∼C groups configurations that are treated as
equivalent under that criterion.

The purpose of the notation is conceptual. It makes explicit that historical sameness depends upon
the relations retained by the classification.

If C preserves constitutional form, two political systems can belong to the same class despite sub-
stantial economic and technological differences.

If C preserves dynastic title, a restoration can count as recurrence even where administrative institu-
tions have changed.

If C preserves a mode of calendrical authority, two historically distant states can appear structurally
similar despite using different astronomical methods.

If C preserves the relation between a central scientific institution and a distributed network of users,
historically different observatories can be compared through one infrastructural pattern.

Historical recurrence under criterion C occurs when configurations at two different historical po-
sitions belong to the same equivalence class under ∼C . This recurrence can coexist with substantial
difference in the richer relational description.

The quotient therefore represents controlled loss of information. It allows historical comparison by
suppressing differences judged irrelevant to the question under investigation.

The analytical value of the resulting recurrence depends upon the quality of that judgment.

9.3 Symbolic Recurrence and Relational Difference

Symbolic recurrence provides one of the clearest examples of quotient-dependent return. Political sym-
bols can survive for centuries and become available for reuse under substantially altered material and
institutional conditions.
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Celestial imagery is especially persistent because the astronomical objects themselves remain avail-
able to successive generations. Stars, constellations, the Sun, the Moon, eclipses, and seasonal cycles
can be reinterpreted repeatedly within changing political cultures.

A later ruler can invoke an earlier celestial symbol of authority.
A modern state can preserve an ancient calendrical festival.
A technologically advanced society can reproduce architectural alignments associated with an earlier

cosmology.
A scientific institution can preserve the name or ceremonial identity of an older observatory after its

technical functions have changed.
At the symbolic level, recurrence can be strong.
At the relational level, the later configuration can be historically novel.
The symbolic meaning itself can also change. A celestial image once embedded in sacred cosmology

can later function primarily as cultural heritage, national identity, artistic reference, or political spectacle.
The object therefore recurs while the interpretive system changes.
This distinction demonstrates why historical identity should not be inferred from visible similarity

alone. Phenomenal recurrence can conceal relational transformation.

9.4 Institutional Restoration under Changed Conditions

Political restoration provides a stronger form of recurrence than symbolic reuse because institutional
rules, offices, or legal forms can themselves be reintroduced.

Even here, the restored institution enters a changed relational environment.
Amonarchy restored after republican government inherits subjects whose political expectations have

been transformed by the republican period.
A constitution reintroduced after suspension operates within new judicial, economic, and interna-

tional relations.
A traditional calendar restored for ceremonial purposes exists alongside standardized global civil

time.
An observatory retaining a historical administrative identity can operate with digital instruments,

international data systems, and scientific objectives unavailable to its founders.
The restored form therefore carries historical memory.
The actors participating in the institution can know that it has been restored. Opponents can interpret

it through the history of its earlier removal. Supporters can consciously construct continuity with the
earlier configuration.

Historical recurrence is consequently reflexive. Later actors can themselves act upon an interpreta-
tion of previous history.

This reflexivity makes restoration different from simple reproduction. Historical memory becomes
one of the relations constituting the restored institution.

The later configuration therefore contains the earlier one partly as an object of knowledge.

9.5 Relational Persistence beneath Formal Change

The inverse phenomenon is equally important. Formal political appearance can change dramatically
while important relations remain persistent.

A new constitutional title can coexist with continuity in administrative personnel.
A change in regime can preserve property relations, fiscal structures, military organization, or terri-

torial administration.
A scientific institution can undergo formal reorganization while preserving the same observational

network and standards.
A country can adopt a new civil calendar while retaining many older temporal rhythms in religious

or local practice.
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Historical novelty at the level of formal appearance can therefore coexist with recurrence at the level
of relational structure.

This possibility complicates political narratives centered upon founding moments. Declarations, con-
stitutions, revolutions, and institutional reforms can mark real transformations while leaving substantial
parts of the preceding relational configuration intact.

The distinction is especially important for the history of astronomy and politics because scientific
infrastructures often outlive the political regimes that created them.

Observatories, archives, maps, time standards, and coordinate systems can continue across dynastic,
imperial, republican, or postcolonial transitions.

Infrastructure therefore becomes a carrier of historical persistence.
Such persistence can be beneficial where accumulated knowledge and technical capacity remain

useful. It can also reproduce inequalities or representational assumptions inherited from earlier political
relations.

Historical continuity should therefore be examined at several relational levels rather than inferred
solely from institutional names or formal political events.

9.6 Approximate Recurrence and Historical Similarity

Many historical comparisons do not satisfy strict equivalence. They concern similarity.
A contemporary political movement can resemble an earlier movement in rhetoric, organizational

structure, social base, or relation to existing institutions without reproducing all of those features.
A period of international competition can resemble an earlier geopolitical configuration without con-

taining the same actors, technologies, or economic relations.
A scientific controversy can reproduce patterns of authority and institutional conflict familiar from

an earlier period while differing in substantive scientific content.
Such comparisons require a weaker analytical structure than equivalence.
Goodman’s critique of unrestricted similarity is important here. Objects are similar in some respects

and different in others; meaningful comparison depends upon specification of the respects treated as
relevant [17].

Historical similarity therefore requires an explicit comparison criterion.
The stronger the political conclusion drawn from the analogy, the more demanding the specification

should become.
A loose symbolic resemblance can justify an illustrative comparison.
A claim that an earlier historical outcome predicts a later trajectory requires stronger evidence of

preserved causal relations.
Approximate recurrence is consequently a graded relation whose value depends upon the mecha-

nisms retained across the comparison.
The analytical vocabulary of distance, clustering, family resemblance, or partial structural correspon-

dence may sometimes be more appropriate than strict equivalence.
The quotient model should therefore be treated as one formal idealization within a broader theory of

historical comparison.

9.7 Path Dependence and the Difference of Return

The intervening historical trajectory changes the meaning of return because systems accumulate institu-
tions, memories, technologies, expectations, and dependencies over time.

Path dependence therefore places a limit upon simple recurrence.
Pierson’s analysis of increasing returns in political development emphasizes how earlier institutional

choices can generate self-reinforcing processes and raise the costs of later alternatives [41]. Such mech-
anisms give historical sequence causal importance.

A restored political form therefore encounters a configuration shaped by the path through which
restoration occurs.
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The same principle applies to scientific infrastructures. A reference system adopted early can become
increasingly valuable because maps, instruments, software, educational practices, and legal standards
accumulate around it. Later return to an earlier standard can therefore occur under very different cost
structures.

Path dependence also generates historical memory.
A population that has experienced centralized temporal standardization cannot return to earlier local

time practices under the same relations through which those practices originally existed.
A postcolonial state inheriting imperial surveying institutions encounters those institutions together

with historical knowledge of colonial rule.
A restored symbolic cosmology exists within a society aware of modern astronomy.
Return therefore occurs after transformation.
The trajectory between two configurations becomes part of the later configuration’s relational con-

stitution.

9.8 Recurrence in Historical Narrative

Historical recurrence is also produced through narrative organization. Historians and political actors
select beginnings, endings, analogies, periodizations, and recurrent motifs through which sequences be-
come intelligible.

Ricoeur’s account of narrative time emphasizes the configurational work through which heteroge-
neous events become organized into meaningful temporal wholes [44]. Historical recurrence can there-
fore become salient because narrative places distant events within one interpretive pattern.

This does not make recurrence arbitrary.
Narrative claims remain constrained by evidence and by the relations that can be established among

historical configurations.
The narrative form nevertheless affects which similarities become visible.
A history organized around dynastic succession can identify one set of returns.
A history organized around property relations can identify another.
A history of astronomy organized around observational institutions can reveal continuities invisible

in a history organized around cosmological theories.
A history of political time can identify recurring struggles over calendrical authority that would re-

main peripheral in a conventional diplomatic history.
Historical recurrence therefore depends partly upon the question through which history is organized.
Koselleck’s work on historical time likewise emphasizes the changing temporal structures through

which past and future become related in political experience [27]. The meaning of return itself changes
where historical actors possess different concepts of progress, revolution, restoration, and expectation.

Recurrence is therefore both an object within history and a category through which history is inter-
preted.

9.9 Astronomical Cycles and Political Recurrence

Astronomy has historically supplied unusually powerful images of recurrence. Day and night, lunar
phases, seasons, planetary periods, eclipses, and other celestial cycles provide visible examples of return
through regular motion.

These patterns can make cyclical political history aesthetically and conceptually attractive.
Dynasties can be imagined as rising and declining through recurrent phases.
Political orders can be represented through seasons.
Restoration can be understood as return to an earlier harmony.
Periods of instability can be interpreted as disruptions within a larger cycle.
The transfer from astronomical cycle to political cycle nevertheless requires substantial caution.
An astronomical orbit can return a body to a comparable spatial configuration under physical relations

that remain sufficiently stable.
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Political systems contain memory, learning, technological development, institutional accumulation,
and interpretive change.

Political recurrence therefore rarely possesses the same structure as astronomical periodicity.
The use of celestial cycles as political metaphors can still be historically important. Their conceptual

force comes from making recurrence imaginable.
The analytical error arises when metaphorical cyclicality is converted into a strong causal theory of

political history without independent evidence.
The distinction developed in this section provides an alternative.
Historical systems can exhibit recurrence under selected criteria while their richer relational trajec-

tories remain non-recurrent.
This conception preserves the intuitive importance of return without requiring history to form a literal

cycle.

9.10 Sequential, Cyclical, and Quotient-Dependent History

The quotient-sensitive account of recurrence provides an alternative to two simple images of historical
development.

The first image is linear sequence. History moves from one stage to another, and later configurations
occupy positions along a common developmental direction.

The second image is cyclical return. Political orders rise, decline, and return through recurrent
phases.

Both images can illuminate particular historical relations. Neither should be assumed as the universal
geometry of history.

A quotient-dependent approach permits a richer structure.
One dimension of a political system can display directional development.
Another can remain persistent.
Another can recur.
Another can oscillate.
Another can undergo irreversible transformation.
A society can therefore exhibit several historical geometries simultaneously.
Astronomical history itself displays such multiplicity.
Observational precision can increase over long periods.
Institutional forms can recur.
Ancient symbols can persist.
Reference standards can remain stable for practical reasons.
Scientific theories can undergo major conceptual transformation.
Political history can display an analogous plurality.
The question is therefore less whether history is linear or cyclical than which relations exhibit which

forms of temporal structure.

9.11 Plural Quotients of Historical Recurrence

A historical configuration can be projected into several quotient spaces simultaneously.
One quotient can preserve constitutional form.
Another can preserve economic relations.
Another can preserve symbolic cosmology.
Another can preserve administrative organization.
Another can preserve temporal infrastructure.
Another can preserve patterns of political inclusion.
The same pair of historical configurations can therefore have different recurrence profiles.
A restored monarchy can recur constitutionally while differing economically.
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Apostcolonial bureaucracy can differ in formal sovereignty while preserving administrative relations
inherited from imperial rule.

A modern calendrical festival can recur symbolically while operating within a different civil-time
infrastructure.

An observatory can preserve institutional identity while its scientific functions and technologies trans-
form.

Historical recurrence should therefore be represented as plural rather than binary.
This plural structure also clarifies disagreements among historians. Two accounts can appear con-

tradictory because one emphasizes persistence while the other emphasizes transformation. Both can be
defensible where they operate through different relational criteria.

The appropriate response is to specify the level of comparison.
The richer historical question then concerns how these different dimensions of continuity and change

interact.

9.12 Historical Analogy and Political Judgment

Political actors frequently use historical recurrence prospectively.
A contemporary conflict is compared with an earlier war.
A political movement is compared with an earlier authoritarian transition.
An economic crisis is compared with an earlier depression.
A scientific policy dispute is compared with previous controversies over expertise and public author-

ity.
Such analogies can be useful because history contains recurrent mechanisms.
They can also mislead where visually salient similarities conceal differences in the relations generat-

ing the outcome.
A quotient-sensitive approach therefore requires historical analogy to specify the preserved mecha-

nism.
A comparison based on rhetoric should be distinguished from a comparison based on institutional

incentives.
A comparison based on constitutional form should be distinguished from one based on economic

dependence.
A comparison based on symbolic astronomy should be distinguished from one based on scientific

infrastructure.
The predictive strength of the analogy should increase only where relevant causal relations are suffi-

ciently preserved.
This principle reduces the temptation to treat historical resemblance as historical destiny.
History can inform political judgment through structured comparison without supplying automatic

forecasts.

9.13 Normative Consequences of Historical Classification

The criterion through which recurrence is identified can possess normative consequences.
A classification that emphasizes formal institutional continuity can obscure changes in who bears

political risk.
A classification that emphasizes economic growth can suppress changes in political freedom.
A narrative of national restoration can suppress the perspectives of groups for whom the earlier order

was oppressive.
A history of scientific standardization can celebrate interoperability while underrepresenting unequal

participation in the institutions that produced the standard.
Classification therefore determines which historical differences remain visible.
Bowker and Star’s analysis of classification systems demonstrates that categories are infrastructural

and consequential rather than merely descriptive [3]. Hacking’s work on historical ontology likewise
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draws attention to the historical formation of categories and the ways in which classificatory practices
participate in shaping social possibilities [19].

Historical recurrence should therefore be interpreted reflexively.
The analyst should ask which differences are being quotiented out and whether those differences

contain normatively significant relations.
A recurrence claim can be formally coherent while remaining politically misleading because the

criterion suppresses domination, exclusion, or vulnerability.
The ethics of historical comparison therefore concerns both accuracy and the distribution of visibility.

9.14 Recurrence without Repetition

The argument developed in this section supports a distinction between recurrence and repetition.
Repetition suggests reproduction of the same historical configuration.
Recurrence requires only return to a previously occupied class under a specified criterion.
A later political configuration can therefore recur symbolically, institutionally, administratively, eco-

nomically, or aesthetically while remaining historically novel in its fuller relational constitution.
This distinction preserves the value of historical comparison while avoiding the claim that history

literally reproduces itself.
It also clarifies the astronomy–politics relation.
Astronomical cycles can exhibit strong forms of physical recurrence.
Political systems can borrow the image of cyclical return.
Historical political recurrence, however, is usually mediated by memory, institutions, interpretation,

and accumulated change.
Political return is therefore generative.
The old form enters new relations and acquires a new history through the act of return itself.
This structure also explains why historical restoration can create something that previously did not

exist. The restored institution is generated through the relation between inherited form and transformed
context.

Historical recurrence consequently contains novelty within continuity.

9.15 Quotient-Dependent History and Political Reflection

The quotient-sensitive account developed here modifies the philosophical use of astronomical cycles in
political thought.

Celestial recurrence remains historically important as a source of political imagination. Repeated as-
tronomical phenomena make return visible and support calendrical, ritual, and philosophical conceptions
of cyclicality.

Political history nevertheless requires a more differentiated temporal structure.
Configurations persist at some levels and change at others.
Forms disappear and return.
Relations survive formal revolutions.
Symbols outlive the cosmologies that originally gave them meaning.
Institutions preserve functions while replacing their technologies.
Political actors reinterpret inherited forms through historical memory.
Historical temporality therefore resembles a superposition of multiple trajectories more than one

universal circle or line.
The concept of quotient-dependent recurrence provides one way to represent this plurality. It asks

which relations must be preserved before two historically separated configurations can meaningfully be
treated as the same.

This question also returns the paper to its broader co-evolutionary argument. Astronomy and politics
do not move through synchronized stages. A cosmological symbol can remain stable while scientific
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knowledge changes. A scientific infrastructure can persist while the political regime changes. A political
imaginary can revive an older celestial form under entirely new technological conditions.

Their histories therefore contain partial continuities and partial returns.
The following section turns from the structure of historical recurrence to a different transforma-

tion introduced by modern astronomy. Developments in astronomical and physical knowledge increas-
ingly challenge assumptions of a privileged center, a universal observational position, a simple common
present, and a single natural scale of description. These changes provide new occasions for political
reflection concerning perspective, coordination, and the limits of centralized representation.

10 Modern Astronomy and Epistemic Decentering

This section examines several conceptual transformations introduced by modern astronomy and physics
that are especially productive for political reflection. Its role is to move from the historical forms of
celestial order considered in the preceding sections toward a different set of epistemic questions con-
cerning position, simultaneity, observation, scale, and incomplete knowledge. The discussion proceeds
through the distinction between coordinate centers and privileged centers, the relativization of simul-
taneity, finite signal propagation, the historical depth of astronomical observation, observer dependence
without epistemic arbitrariness, scale-dependent description, and the coordination of heterogeneous tem-
poralities. The section concludes by clarifying the limits of astronomical analogy. Modern astronomy
supplies conceptual resources for examining political assumptions concerning common presents, central-
ized representation, and complete observation, while the normative organization of political life requires
arguments independent of physical theory.

10.1 Epistemic Decentering in Modern Astronomy

Earlier celestial-political imaginaries frequently attached substantial symbolic significance to centers. A
celestial pole could become associated with political centrality. A terrestrial capital could be represented
as the center of a wider cosmological order. Geographical and calendrical systems could be organized
outward from politically authoritative reference points.

Modern astronomy changes the conceptual status of centrality.
A reference system can possess a center because calculation requires an origin, while the origin

need not possess privileged physical status. A geocentric coordinate system remains useful for many
observational purposes even though the Earth is not thereby assigned unique cosmological importance.
A heliocentric frame can be useful for planetary dynamics without establishing the Sun as an absolute
center of the universe.

Modern cosmology develops this distinction at a still larger scale. Standard cosmological models
describe the universe on sufficiently large scales through approximately homogeneous and isotropic
structures, so the model does not assign one ordinary spatial location a privileged status from which the
universe is organized [10]. The absence of such a privileged center differs conceptually from the absence
of local structure. Galaxies, clusters, gravitational systems, and other bounded configurations possess
local centers that remain physically and analytically meaningful.

The resulting distinction is important for political reflection.
A political system can require functional centers without treating those centers as possessing intrinsic

superiority.
A capital can coordinate national administration.
A court can serve as a final institution of legal appeal.
A scientific agency can aggregate distributed evidence.
An international secretariat can maintain a common standard.
The existence of these centers does not by itself establish that relevant knowledge, legitimacy, or

value originates exclusively from them.
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Modern astronomy therefore makes a distinction available between centrality as relational function
and centrality as privileged status. The distinction is conceptually useful because political systems often
move too quickly from the first to the second.

This astronomical reflection does not establish a general preference for decentralization. Some sys-
tems function effectively through strong centers. The philosophical contribution lies in separating the
practical need for an origin, reference point, or coordinating institution from stronger claims that the
same point possesses an exhaustive or intrinsically superior perspective.

10.2 Reference Frames and Situated Description

Modern physics further weakens the intuition that one description of a system must be organized from
one naturally privileged observational frame.

Einstein’s 1905 formulation of special relativity made the relation between inertial frames central to
the description of physical events [12]. Physical laws retain their form across the relevant class of inertial
frames, while coordinates assigned to events can differ between frames.

The philosophical significance of this structure lies in the distinction between situated description
and arbitrary description.

An observer occupies a position and frame.
The observer’s coordinates are therefore situated.
The existence of several legitimate frames does not imply that every statement about the physical

system is equally valid.
Relations among the frames are themselves constrained.
This distinction is valuable for political epistemology. Political actors also occupy relational posi-

tions. A local administration, central ministry, minority community, business organization, humanitarian
agency, and individual subject can encounter the same political process through different evidence and
consequences.

Such differences do not imply that political reality dissolves into perspective.
They imply that descriptions can be position-sensitive.
A central institution can observe aggregate indicators while failing to perceive local mechanisms.
A local community can observe direct consequences while lacking information about the wider dis-

tribution of resources.
An international institution can compare multiple states while possessing less fine-grained knowl-

edge of each society.
The analytical problem therefore concerns relations among situated descriptions.
Astronomy provides a disciplined example of this problem because changing reference frames re-

quires explicit transformations. Political inquiry rarely possesses transformations of comparable math-
ematical exactness, yet the general lesson remains useful: disagreement produced by different observa-
tional positions should first be investigated as a problem of relational perspective before being classified
as ignorance, irrationality, or bad faith.

10.3 Simultaneity and the Limits of a Universal Present

The transformation of simultaneity in special relativity is especially important for the paper’s earlier
analysis of political time.

Einstein’s 1905 paper treated the synchronization of spatially separated clocks as part of the physical
specification required for discussing simultaneity [12]. Special relativity consequently abandons the clas-
sical intuition that spatially separated events possess one observer-independent relation of simultaneity
valid across all inertial frames.

This physical result should not be transferred directly into social theory. Political institutions can
and routinely do construct common temporal coordinates. Section 3 showed how calendars, clocks,
observatories, telegraph systems, laws, and standards make such coordination practically effective.
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The philosophical importance lies in the distinction between a coordinated present and an unprob-
lematic universal present.

Political institutions can establish that a rule becomes legally effective at one standardized time.
They cannot thereby make all relevant social relations occupy the same historical state.
Several institutions can share one clock while differing substantially in administrative capacity, tech-

nological development, demographic structure, public expectations, and political memory.
A common date therefore creates temporal interoperability without erasing historical heterogeneity.
This distinction becomes important whenever governance treats simultaneity of measurement as si-

multaneity of social condition.
A national dataset collected during one reporting period can aggregate regions whose relevant pro-

cesses operate at different temporal stages.
An international indicator can compare values reported for the same calendar year while the institu-

tions producing those values respond at different rates to earlier political or economic changes.
A legal reform can enter into force simultaneously across a jurisdiction while its social manifestation

unfolds asynchronously.
The lesson supplied by modern physics remains analogical but precise: common temporal coordi-

nates should not be confused with complete identity of temporal state.

10.4 Finite Signal Propagation and Observational Delay

Astronomy makes another epistemic condition unusually visible: observation depends upon signals that
require time to travel.

The finite propagation speed of light is built into special relativity [12]. Astronomical observation
therefore presents distant objects through signals emitted at earlier moments. Increasing distance gener-
ally increases the temporal separation between emission and reception.

The visible universe is consequently not presented to an observer as one instantaneous external scene.
Astronomical evidence arrives with historical depth.
Observation of the Sun concerns a state several minutes earlier than the moment of reception on

Earth.
Observation of nearby stars concerns earlier stellar states separated from the observer by years.
Observation of sufficiently distant galaxies concerns much earlier stages of cosmic history.
The astronomical sky therefore assembles evidence from different emission times within one obser-

vational present.
This feature creates a distinction between co-available evidence and co-temporal reality. Several

signals can become available to an observer at approximately the same moment while referring to source
states belonging to different earlier times.

Political evidence often possesses an analogous structure.
Administrative statistics require collection, reporting, validation, and aggregation.
Legal judgments concern events that occurred earlier.
Public-health indicators can describe processes already changing by the time the data become avail-

able.
Diplomatic reports travel through institutional channels.
Survey data represent the population during the period of observation rather than necessarily at the

moment of policy decision.
The similarity should again be treated structurally. Political evidence is not delayed because it obeys

astronomical light-cone geometry. It is delayed because political observation also requires transmission
through material and institutional processes.

Astronomy nevertheless makes the distinction unusually clear: evidence available now can concern
realities belonging to different historical moments.
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10.5 The Observational Present as a Historical Composite

Finite signal propagation gives the astronomical present a layered structure. The observer encounters an
observational field composed of traces generated at different times.

This condition complicates the ordinary language of seeing the universe “now.” What is simultane-
ously available to observation is a set of received signals whose sources occupy different positions in
their histories.

The epistemological significance extends beyond astronomy.
Evidence is often a carried state.
A document carries traces of the institutional conditions under which it was produced.
A photograph carries a past visual configuration.
A statistical table carries measurements generated through earlier collection procedures.
An archive carries selections made by previous institutions.
Observation therefore frequently involves reconstruction of a system from temporally heterogeneous

traces.
Political decision making can become especially difficult where these traces are combined without

attention to their temporal structure.
Suppose one administrative indicator responds rapidly to a policy change while another is published

annually and another depends upon a census several years old. A decision maker can receive all three
during one meeting. Their co-presence within the decision environment does not mean that they describe
the same historical configuration.

The problem concerns temporal metadata as much as numerical accuracy.
A datum should be located within the process that generated it.
Astronomical reasoning treats emission time, reception time, position, and signal propagation as ana-

lytically relevant. Political epistemology can draw a general methodological lesson from this discipline:
evidence should be located within the temporal relations through which it became observable.

10.6 Observation and Relational Incompleteness

Astronomical observation is necessarily partial.
An observer occupies a location.
Instruments possess finite sensitivity and resolution.
Some regions are obscured.
Signals can lie outside the detectable range of a particular instrument.
Observational programmes sample selected portions of the sky and selected wavelengths.
The observable universe itself is bounded by the causal and historical conditions through which

signals can reach an observer.
Scientific knowledge develops by recognizing these limitations and constructing methods for extend-

ing or combining observational access.
Distributed observatories provide one response.
Multiple wavelengths provide another.
Long-duration surveys provide another.
Space-based instruments can access signals unavailable to some terrestrial observatories.
The scientific solution to incomplete perspective is therefore frequently the coordination of differen-

tiated observations.
Political systems confront a comparable problem.
No ministry observes the complete society.
No community experiences every consequence of national policy.
No international organization possesses exhaustive knowledge of every local relation.
No quantitative indicator captures every normatively relevant dimension of a political configuration.
This condition can be described as relational incompleteness. The object under governance contains

more relations than any one institutional position can observe directly.
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Relational incompleteness creates a reason for distributed evidence collection.
Local institutions can observe fine-grained consequences.
Central institutions can detect aggregate patterns.
Independent institutions can provide adversarial or alternative measurements.
Affected subjects can reveal consequences absent from administrative categories.
Scientific and civil-society organizations can produce additional evidence.
The resulting political epistemology resembles astronomical coordination in one important respect:

greater coverage emerges through relations among partial observations.

10.7 Distributed Observation and Epistemic Integration

The existence of multiple observers creates a second problem after incomplete observation: integration.
Observations cannot simply be combined because they may use different instruments, scales, refer-

ence systems, sampling procedures, and error structures.
Astronomy has developed extensive infrastructures for making distributed observations comparable.

Sections 5 and 6 examined observatories, standards, archives, catalogues, and international coordination
as historical solutions to this problem.

Political systems similarly require epistemic interfaces.
Local evidence must be represented in forms that can travel across administrative levels.
Different databases require interoperable definitions.
Qualitative testimony must retain enough contextual information to remain interpretable after trans-

mission.
Aggregated indicators should retain information concerning uncertainty, collection methods, and

subgroup variation.
The objective is integration without premature homogenization.
A common data structure can support comparison while preserving metadata about the conditions

under which each observation was produced.
An international reporting framework can establish shared variables while allowing states or local

institutions to retain different internal systems.
A central institution can combine observations without claiming that its aggregate representation

exhausts the underlying relations.
Astronomical coordination therefore provides a useful example of epistemic federalism: distributed

observers retain positional specificity while common standards make selected information interoperable.
This structure offers a more precise alternative to the opposition between centralized knowledge and

complete epistemic fragmentation.

10.8 Observer Dependence and Epistemic Objectivity

Recognition of observer dependence can be mistaken for abandonment of objectivity.
Modern physics demonstrates the weakness of that inference.
Special relativitymakes somemeasured quantities frame-dependent while providing precise relations

among frames [12]. General relativity deepens the importance of coordinate choice and geometrical
structure while preserving strong physical constraints upon valid descriptions [13].

Observer dependence therefore need not imply epistemic permissiveness.
A description can be situated and still be constrained by evidence.
Two observations can differ because of position while remaining mutually transformable.
Some quantities can vary across representations while other relations remain invariant.
Political epistemology can preserve the same distinction at a less formal level.
Different social positions can reveal different aspects of one political configuration.
Their descriptions need not be interchangeable.
They need not receive identical epistemic weight on every question.
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A subject directly exposed to an administrative practice possesses access to some evidence unavail-
able to a distant analyst.

A national statistical agency can possess aggregate evidence unavailable to the individual subject.
A technical expert can identify mechanisms invisible to both.
Objectivity can therefore emerge through disciplined relation among situated perspectives rather than

through the fiction of an observer occupying no position.
This conception is especially important for governance because centralized institutions often present

aggregated knowledge as though aggregation removed perspective.
Aggregation changes perspective.
It does not abolish perspective.

10.9 Multiple Scales of Description

Modern astronomy also makes scale dependence difficult to ignore.
The structures relevant to planetary dynamics differ from those relevant to stellar evolution.
The description of a galaxy differs from the description of an individual star.
Large-scale cosmology uses representations whose usefulness depends upon averaging over struc-

tures that remain highly inhomogeneous at smaller scales. Modern cosmological treatments therefore
distinguish the approximately smooth large-scale universe from the local inhomogeneities through which
galaxies, clusters, and other structures appear [10].

Different scales can therefore support different valid descriptions of the same larger reality.
Political systems exhibit similar scale dependence.
An individual can experience unemployment while national employment statistics remain stable.
A neighborhood can undergo demographic transformationwhile national population structure changes

little.
A municipality can possess effective environmental governance while the regional ecological system

deteriorates.
A state can maintain domestic institutional stability while the international system becomes increas-

ingly unstable.
Descriptions at one scale should therefore remain connected to the scales from which they are ab-

stracted.
Political disagreement can sometimes arise because actors are describing different scales.
A central government can correctly report aggregate improvement while a local community correctly

reports severe decline.
Neither statement resolves the normative problem by itself.
Governance therefore requires scale-aware evidence and mechanisms for relating local, regional,

national, transnational, and planetary descriptions.
The astronomical lesson concerns analytical discipline: scale is part of the description rather than a

neutral background.

10.10 Scale Transition and Loss of Relational Information

Moving from one scale to another generally involves abstraction.
A cosmological model can treat matter as approximately homogeneous at a scale where individual

galaxies are irrelevant to the question under investigation.
A stellar population model can summarize properties that suppress the detailed history of every indi-

vidual star.
The abstraction is useful because preserving every lower-level relation would make many higher-

level questions analytically intractable.
Political aggregation operates similarly.
National averages suppress local variation.
Economic indicators suppress individual trajectories.

73



DRAFT

Administrative categories suppress some differences among the people assigned to them.
International comparisons suppress institutional details in order to produce common measures.
The resulting information loss is not inherently defective.
Abstraction makes large-scale reasoning possible.
The political problem concerns whether the relations removed during scale transition are relevant to

the decision being made.
An aggregate indicator can be sufficient for one infrastructural decision and dangerously incomplete

for another decision concerning distributive justice.
Scale transition therefore requires a criterion of relevance.
This point connects modern astronomical reflection with the quotient-sensitive historical analysis of

Section 9. Both operations depend upon selective preservation of relations.
Historical classification quotients out some differences in order to identify recurrence.
Scale transition suppresses some lower-level relations in order to identify higher-level structure.
In both cases, analytical power arises through controlled information loss.

10.11 Heterogeneous Temporalities within a Common System

Astronomical systems also display processes unfolding across radically different timescales.
Orbital motion, stellar evolution, galactic dynamics, and cosmological evolution operate through

characteristic temporal scales that differ by many orders of magnitude.
A single astronomical description can therefore contain processes that change rapidly relative to one

another while remaining components of one larger system.
Political systems likewise contain heterogeneous temporalities.
Financial markets can react within seconds.
News cycles operate across hours.
Administrative processes can require months.
Electoral cycles operate across years.
Infrastructure develops across decades.
Demographic and ecological transformations can extend across generations.
Political institutions can fail when they impose one decision rhythm upon processes whose charac-

teristic timescales differ substantially.
A rapidly updated indicator can produce pressure for policy revision before a slow-moving institu-

tional reform has had time to manifest.
A long administrative review cycle can respond too slowly to a rapidly developing emergency.
Short electoral cycles can interact uneasily with infrastructure or ecological problems requiring long

commitments.
The governance problem therefore concerns temporal interoperability among processeswith different

characteristic rates.
Astronomy supplies no political algorithm for solving this problem.
It provides an unusually clear example of a system whose unity does not require one universal rate

of change.
Political coherence can likewise involve coordination among heterogeneous temporalities rather than

synchronization of every process.

10.12 Representation, Coordinate Choice, and Political Maps

Modern physics reinforces another distinction relevant to political representation: a coordinate system
is a means of describing relations rather than the reality described.

Einstein’s general theory of relativity placed especially strong emphasis on the freedom to formulate
physical descriptions through different coordinate systems [13]. Coordinate choice can make some rela-
tions easier to represent without becoming a physical entity whose features must be attributed directly to
the underlying world.
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Political systems also depend upon coordinate-like structures.
Administrative districts divide territory.
Income brackets divide economic distributions.
Legal statuses classify subjects.
Policy indicators define axes along which performance is evaluated.
Historical periods divide temporal processes.
These representations can be indispensable.
Problems arise when properties generated by the representation are attributed uncritically to the rep-

resented system.
A sharp administrative boundary can create the appearance of a sharp social boundary.
A binary legal classification can conceal continuous or multidimensional differences.
A national average can create an apparent representative subject who exists nowhere in the underlying

population.
The distinction between map and relation therefore remains central to political epistemology.
A useful coordinate system simplifies some questions.
Another coordinate system can make different relations visible.
Political objectivity can require movement among several representations rather than permanent com-

mitment to one classificatory geometry.

10.13 Epistemic Decentering and Institutional Authority

The decentering of observation creates an important political question concerning authority.
If no institutional position possesses complete observation, authority cannot be justified solely through

the claim to see the entire system.
This conclusion does not eliminate the need for authoritative institutions.
Distributed evidence still requires aggregation.
Conflicting claims require adjudication.
Collective action requires coordination.
Standards require maintenance.
Emergency decisions can require designated responsibility.
The political problem therefore becomes one of designing authority that remains capable of decision

while recognizing the incompleteness of its observational position.
Several institutional principles follow at the level of conceptual orientation.
Authoritative decisions can preserve traceability to distributed evidence.
Central representations can retain uncertainty and metadata concerning local variation.
Procedures can permit affected actors to challenge incomplete representations.
Independent observational institutions can provide epistemic redundancy.
Administrative systems can distinguish the authority to decide from a claim to possess exhaustive

knowledge.
Such principles transform epistemic humility into institutional architecture.
A decision maker need not know everything in order to decide.
The institution should remain capable of learning where its representation is incomplete.

10.14 Decentering without Political Relativism

Astronomical decentering can be politically misinterpreted if the absence of one privileged observational
position is converted into the claim that every political judgment is equally valid.

Modern physics supports no such conclusion.
Reference-frame dependence operates within strict physical relations.
Cosmological homogeneity and isotropy are substantive empirical and theoretical claims rather than

permissions for arbitrary description [10].
Political pluralism similarly requires standards of evaluation.
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Evidence can be fabricated.
Causal claims can be false.
Testimony can be incomplete.
Institutional perspectives can systematically exclude relevant relations.
Some interpretations can explain available evidence better than others.
Some political arrangements can impose harms that remain visible across many different perspec-

tives.
Epistemic decentering therefore concerns the distribution of observational access, not the disappear-

ance of truth.
Its political significance lies in encouraging institutions to reconstruct objects through relations among

perspectives while retaining procedures for criticism, validation, and correction.
This distinction also protects the paper from a superficial transfer of relativity into normative rela-

tivism.
Physical relativity and moral relativism address different problems.
The conceptual contribution of relativity to the present inquiry concerns frames, simultaneity, rela-

tional description, and the limits of privileged observation.
Normative judgment requires an additional theory of value, justice, rights, responsibility, and politi-

cal legitimacy.

10.15 The Common Present Reconsidered

The analysis developed in this section allows the common political present of Section 3.8 to be reconsid-
ered.

A common political present remains a major institutional achievement.
Calendars, time zones, communication systems, legal standards, and synchronized infrastructures

allow dispersed actors to coordinate with extraordinary precision.
The conceptual error arises only when this coordination layer is treated as evidence that the systems

connected through it are historically synchronous.
A more precise model distinguishes at least three temporal relations.
The first is coordinate simultaneity: institutions assign events to one common time system.
The second is evidentiary contemporaneity: information becomes available within the same decision

environment.
The third is relational contemporaneity: the underlying systems occupy comparable historical or

institutional states.
The first can often be engineered.
The second depends upon communication and data infrastructures.
The third can remain highly heterogeneous.
This distinction has practical importance for comparative governance. Policies transferred among

societies during the same calendar year encounter different institutional histories. Regions receiving
one national policy at the same legal moment can possess different administrative capacities. Evidence
released simultaneously can represent source processes with different delays.

A common political present should therefore be understood as an interface for coordination rather
than proof of homogeneous historical time.

10.16 Astronomical Observation as a Discipline of Epistemic Humility

Modern astronomy repeatedly confronts the observer with conditions that resist epistemic omniscience.
Observation is situated.
Signals arrive after propagation.
Distant evidence carries historical depth.
Different instruments reveal different aspects of the same object.
Large-scale descriptions suppress small-scale structure.
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Models depend upon reference systems and assumptions.
Some regions remain observationally inaccessible.
Scientific progress occurs by making these limitations explicit and designing methods around them.
This practice provides a productive philosophical model of epistemic humility.
Humility in this sense does not mean weak commitment to evidence.
Astronomers make strong claims where observation and theory support them.
Humility concerns the explicit specification of observational conditions, uncertainty, scale, model

assumptions, and limits of access.
Political institutions can adopt an analogous discipline.
A policy report can state the temporal range of its evidence.
An administrative model can identify the populations weakly represented in its data.
An international comparison can document differences in measurement systems.
A central agency can distinguish observed relations from inferred relations.
A decision can remain actionable while preserving explicit uncertainty.
Epistemic humility therefore supports decision rather than suspending it.
The relevant political capacity is the ability to act from situated knowledgewithout mistaking situated

knowledge for exhaustive knowledge.

10.17 Limits of Astronomical Transfer

The conceptual parallels developed in this section require strong methodological boundaries.
Relativity is a physical theory with mathematically defined structures. Political perspectives do not

generally form inertial frames connected through Lorentz transformations.
The finite propagation of light is a physical constraint. Administrative reporting delays arise through

institutional mechanisms.
Cosmological homogeneity concerns the large-scale distribution represented in physical cosmology.

Political equality is a normative relation.
Astronomical scale dependence concerns physical systems and models. Political scale dependence

includes interpretation, agency, and power.
The value of the comparison therefore lies in conceptual differentiation.
Astronomy shows that a center can be useful without being absolutely privileged.
It shows that common coordinates can coexist with frame-dependent descriptions.
It shows that co-available observations can represent different source times.
It shows that partial observers can generate stronger knowledge through coordinated observation.
It shows that different scales can support different legitimate descriptions.
It shows that one system can contain processes evolving through heterogeneous timescales.
Each of these distinctions can sharpen political questions.
None supplies the political answer by itself.
This boundary is essential to the paper’s method. Astronomy contributes to political philosophy

most productively where it destabilizes an unnoticed assumption and creates a better-formed political
question.

10.18 From Epistemic Decentering to Political Responsibility

The historical trajectory developed through the paper has now reached an important transition.
Earlier political communities encountered the heavens as sources of order, orientation, time, legiti-

macy, and symbolic meaning.
Political institutions then developed astronomical infrastructures capable of measurement, prediction,

navigation, mapping, standardization, and distributed observation.
Modern astronomy subsequently produced a conceptual environment in which privileged centers,

simple universal simultaneity, complete observation, and single-scale description became increasingly
difficult to take for granted.
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These developments alter political reflection by emphasizing situated observation, relational coordi-
nation, temporal depth, distributed evidence, and scale-sensitive representation.

The reciprocal history does not end with reflection.
Contemporary human activity increasingly changes the astronomical environments that earlier soci-

eties primarily observed.
Spacecraft enter planetary systems.
Samples move between celestial bodies and Earth.
Satellites transform near-Earth orbital environments and astronomical observation.
Planetary-defense technologies create the possibility of deliberate intervention in celestial trajecto-

ries.
Prospective lunar and planetary activities create questions concerning environmental alteration, sci-

entific preservation, common resources, and authority.
The epistemic lesson developed in this section therefore becomes a normative problem.
Humanity possesses increasing capacity to intervene in environments whose relations remain incom-

pletely known.
Observation under relational incompleteness becomes governance under relational incompleteness.
The following section turns to this transformation from celestial knowledge to celestial responsibility.

It examines how political and ethical reasoning enters astronomy once human beings become capable of
materially altering the worlds, orbits, environments, and evidentiary conditions that astronomy seeks to
understand.

11 From Celestial Observation to Planetary Intervention

This section examines the historical transition from astronomical observation toward deliberate inter-
vention in extraterrestrial environments. Its role is to identify the normative consequences that arise
when the objects of astronomical knowledge increasingly become objects of technically possible trans-
formation. The discussion proceeds through planetary protection, forward and backward contamination,
the preservation of scientific evidence, environmental value under incomplete knowledge, irreversible
intervention, future knowability, institutional responsibility, and the temporal distribution of epistemic
authority. Particular attention is given to a distinctive feature of planetary exploration: intervention can
alter an environment before humanity possesses the knowledge required to understand what has been
altered. The section therefore develops epistemic responsibility as a central component of celestial gov-
ernance. Exploration remains a generative activity whose scientific value depends partly upon preserving
conditions through which future observers can continue to recognize environments that present observers
understand only partially.

11.1 The Historical Transition from Observation to Intervention

For much of the history considered in this paper, the political relation with the heavens concerned obser-
vation, interpretation, orientation, prediction, measurement, and symbolic representation.

Human communities observed celestial regularities and incorporated them into calendars.
Astronomers produced positional knowledge used for navigation.
Political institutions maintained observatories and standards.
Scientific communities constructed increasingly precise representations of celestial environments.
The capacity to alter the objects under observation remained comparatively limited.
Contemporary space activity changes this relation. Spacecraft can land on planetary surfaces, pene-

trate atmospheres, collect and return samples, release hardware, transport terrestrial microorganisms and
organic material, excavate regolith, produce exhaust and debris, deliberately strike celestial bodies, and
potentially support sustained human presence beyond Earth.

The relation between observer and observed environment therefore acquires a new causal direction.
Astronomical knowledge enables intervention.
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Intervention subsequently changes the environment from which later astronomical and planetary
knowledge will be produced.

The transition has already moved beyond hypothetical possibility. Robotic planetary exploration
necessarily introduces material objects into extraterrestrial environments. Sample-return missions cre-
ate material pathways from extraterrestrial bodies to Earth. Planetary-defense research has demonstrated
deliberate alteration of the motion of a celestial body. Future human and commercial activities are ex-
pected to create substantially more intensive forms of interaction.

The philosophical structure of astronomical observation consequently changes. An observer situated
outside the object can attempt to reconstruct an environment from available signals. An intervening actor
participates in the generation of later states of that environment.

Knowledge and action become historically coupled.
This coupling gives astronomical intervention a temporal ethical structure. A decision taken under

present uncertainty can modify the evidentiary conditions available to future inquiry.
The relevant object of governance therefore includes both the environment and the future possibility

of knowing the environment.

11.2 Planetary Protection as Epistemic Governance

Planetary protection provides the most developed contemporary institutional example of governance
directed toward this problem.

The Outer Space Treaty establishes an international legal foundation. Article IX requires States
Parties conducting exploration of outer space and celestial bodies to avoid harmful contamination and
adverse changes to the environment of Earth resulting from the introduction of extraterrestrial matter
[60].

International planetary-protection practice has subsequently developed through scientific institutions,
especially the Committee on Space Research (COSPAR). The current COSPAR Planetary Protection Pol-
icy provides an international, voluntary, scientifically informed standard designed to guide contamination
control in planetary missions and to support implementation of the treaty framework [4].

Coustenis and colleagues describe planetary protection as an international responsibility directed
toward safe and scientifically reliable exploration, with COSPAR providing a principal international
reference for contamination control [6].

The established planetary-protection framework contains two principal directions of concern.
Forward contamination concerns transfer of terrestrial biological or organic material to another ce-

lestial environment.
Backward contamination concerns the introduction of potentially hazardous extraterrestrial material

into the Earth system through returning spacecraft or samples.
These directions produce different risk structures, while both reveal the intersection among scientific

knowledge, uncertainty, and governance.
Forward contamination can compromise the ability to determine whether detected biological or or-

ganic material is indigenous to the environment.
Backward contamination concerns the possibility that returnedmaterial could interact harmfully with

terrestrial biological systems.
Planetary protection therefore governs epistemic and environmental relations simultaneously.
It protects the reliability of scientific investigation.
It also constrains pathways through which biological material can move between worlds.

11.3 Forward Contamination and the Integrity of Evidence

Forward contamination presents a particularly clear example of intervention altering future evidence.
Suppose terrestrial biological material reaches an environment being examined for evidence of in-

digenous life.
A later detection can then acquire an additional causal explanation.
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The observed material might derive from the extraterrestrial environment.
It might derive from terrestrial contamination.
It might involve interactions between introduced material and the local environment.
The intervention therefore changes the inferential structure of later observation.
The problem extends beyond the physical presence of a contaminant. Once terrestrial material has

entered an environment and dispersed through poorly known processes, the historical boundary between
indigenous and introduced signals can become increasingly difficult to reconstruct.

Contamination can consequently create epistemic irreversibility.
Cleaning a future instrument does not restore the pre-contamination history of the environment.
Removing visible hardware does not necessarily remove material already transported through dust,

fluids, atmosphere, subsurface processes, or microbial survival.
The scientific concern underlying planetary protection therefore has a distinctive temporal character.

Present restraint preserves the discriminating power of future evidence.
Current COSPAR policy is structured substantially around this protection of scientific investigation

and biological contamination control [4, 6].
The same logic is visible inNASA’s implementation of planetary protection, where forward-contamination

controls seek to preserve the integrity of investigations concerning extraterrestrial life and prebiotic en-
vironments [35].

The broader philosophical implication is significant.
Evidence is partly an environmental relation.
Changing the environment can change the meaning of later evidence.
Scientific integrity therefore sometimes requires governance of action before observation occurs.

11.4 Backward Contamination and Asymmetric Uncertainty

Backward contamination presents a different epistemic structure because the potentially affected envi-
ronment is Earth.

Sample return can generate extraordinary scientific value. It allows materials from other celestial
bodies to be studied through terrestrial laboratories, instruments, and methods unavailable aboard space-
craft.

The same material pathway can create uncertainty concerning biological hazard where the properties
of the returned environment remain incompletely known.

Planetary-protection practice therefore treats some forms of returned material with containment and
assessment procedures designed to prevent uncontrolled release before relevant risks have been charac-
terized [6, 35].

The structure is asymmetrical.
A failure to return a sample can delay knowledge.
An inadequately controlled return could, under sufficiently adverse biological conditions, create con-

sequences extending far beyond the scientific programme that initiated the mission.
Governance must therefore evaluate outcomes with very different combinations of probability, re-

versibility, and severity.
This problem illustrates a broader feature of intervention under deep uncertainty. The absence of

confirmed evidence of a hazard does not imply knowledge of safety when the relevant object has never
been adequately characterized.

The decision environment contains uncertainty about probabilities and, in some cases, uncertainty
about the range of possible interactions themselves.

Planetary-protection procedures respond through containment, categorization, cleanliness require-
ments, documentation, and mission-specific assessment.

The philosophical principle underlying these practices can be expressedwithout requiring an absolute
prohibition on uncertainty.

The strength of precaution should increase where intervention can generate severe and difficult-to-
reverse consequences before sufficient learning becomes possible.
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11.5 Planetary Protection and the Preservation of Future Knowability

The scientific rationale for planetary protection can be generalized as a principle of future knowability.
An environment possesses epistemic value partly because its present relations contain traces of pro-

cesses that occurred before human intervention.
Geological structures can preserve histories of planetary formation.
Atmospheric composition can preserve information concerning chemical and physical evolution.
Ice, sediment, regolith, and subsurface environments can preserve records of past conditions.
Organic compounds can preserve information relevant to prebiotic chemistry.
Possible biosignatures can preserve evidence concerning the emergence or persistence of life.
Human intervention can modify these traces.
The resulting loss can exceed the immediately visible physical alteration. Destroying or contaminat-

ing a unique relation can remove the possibility of answering questions that have not yet been formulated.
Schwartz develops a related argument concerning the scientific value of space environments and

the justification for protecting sites whose future scientific importance remains uncertain [53]. Since
extraterrestrial environments remain only partially explored, current actors cannot reliably enumerate
every scientific use that later inquiry may discover.

This creates an intergenerational epistemic problem.
Present actors control some of the conditions under which future actors will attempt to know the

Solar System.
Future scientists can possess instruments, theories, and questions that current institutions lack.
Preserving selected environmental relations therefore preserves future epistemic option value.
The principle does not require indefinite preservation of every extraterrestrial surface in an untouched

state.
It requires recognition that irreversible transformation can close future epistemic possibilities before

their value becomes visible.

11.6 Environmental Value beyond Confirmed Life

The strongest established rationale for biological planetary protection has historically concerned sci-
entific investigation, especially investigations of possible extraterrestrial life. This rationale leaves a
broader normative problem.

An extraterrestrial environment can possess scientific, historical, geological, aesthetic, or other forms
of value even where indigenous life has never been detected.

The ethical literature on planetary protection has therefore examined whether environmental respon-
sibility should extend beyond the prevention of biological contamination.

A COSPAR-associated workshop on ethical considerations in planetary protection explicitly con-
sidered whether protection should extend beyond science-focused biological contamination to include
broader environmental and ethical concerns [49]. The participants identified questions involving non-
living environments, stewardship, future habitability, and the wider management of human impacts on
celestial bodies.

Schwartz similarly argues for a broad understanding of the scientific value of extraterrestrial envi-
ronments, including environments whose importance may derive from disciplines beyond astrobiology
[53].

The distinction remains relevant because the current COSPAR planetary-protection framework has
a defined scope. Its biological contamination policy does not constitute a comprehensive regime for
preservation of extraterrestrial environments for their own sake [4].

Planetary environmental governance therefore contains a wider field than planetary protection in its
technical sense.

An environment can warrant restraint because it may contain life.
It can warrant restraint because it preserves unique scientific evidence.
It can warrant restraint because its irreversible alteration would remove future options.

81



DRAFT

Additional ethical theories can also assign value to geological integrity, natural history, rarity, or
extraterrestrial environments independently of their instrumental use.

The present paper does not require one complete theory of extraterrestrial environmental value.
Its narrower argument concerns epistemic responsibility: incomplete knowledge of value supplies a

reason to preserve the conditions under which value can later become recognizable.

11.7 Unknown Environments and Normative Recognition

Extraterrestrial environmental ethics confronts an unusual problem of recognition.
On Earth, environmental governance frequently begins from known or at least partly characterized

subjects of concern.
Humans can identify an ecosystem.
Species can be described.
Communities can articulate interests.
Historical landscapes can possess documented cultural meaning.
Extraterrestrial environments often lack these epistemic resources.
A mission can encounter a chemical system whose significance remains unclear.
An environment can contain processes that current instruments cannot detect.
Potential life can possess structures outside current expectations.
A geological relation can later prove scientifically unique despite appearing ordinary to present ob-

servers.
The absence of recognized value therefore possesses several possible meanings.
Value may genuinely be absent under the relevant normative theory.
Value may exist while remaining unobserved.
The conceptual resources needed to identify the value may remain undeveloped.
The evidence required to establish the value may become available only through later scientific

progress.
This ambiguity creates a difficulty for decision procedures based entirely upon currently recognized

interests.
A destructive intervention can eliminate the object before the epistemic system capable of recogniz-

ing its significance has developed.
Planetary governance therefore requires a category of potential normative recognition.
The category does not assign unlimited intrinsic value to every physical configuration.
It recognizes that absence of current recognition provides weak evidence of absence of future signif-

icance when the environment is poorly understood.

11.8 Irreversibility and the Temporal Distribution of Authority

Irreversible intervention creates a problem of authority across time.
Present institutions possess technological control over decisions whose consequences can constrain

future actors.
A contaminated site cannot necessarily be returned to its earlier epistemic condition.
A unique geological structure destroyed during extraction cannot necessarily be reconstructed.
A biological interaction initiated through contamination can develop beyond the original mission.
A transformed orbital or surface environment can alter later scientific access.
Present actors therefore exercise power over future possibility.
This power is asymmetric because future actors cannot participate directly in the decision.
Their interests must be represented indirectly through present institutions, scientific judgment, legal

rules, and norms of stewardship.
The temporal structure resembles other forms of intergenerational governance, while extraterrestrial

exploration introduces an especially strong epistemic dimension.
Future actors can know more than present actors.
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Present actors nevertheless determine which objects remain available for that future knowledge.
Authority over intervention is therefore partly authority over the future epistemic environment.
This observation strengthens the case for procedures that preserve reversibility where feasible and

increase justificatory requirements where reversibility declines.
The relevant principle concerns proportionality between intervention and epistemic confidence.
Small, contained, observable interventions can sometimes generate information while preserving

substantial corrective capacity.
Large, cumulative, self-propagating, or irreversible interventions require a different level of justifi-

cation.

11.9 Exploration as a Generative Process

Planetary exploration should also be understood as generative.
A mission does more than reveal an environment.
It can create new material relations between Earth and another celestial body.
It creates landing sites, tracks, impact locations, sample pathways, communication infrastructure,

archives, classifications, and institutional interests.
Repeated missions can create cumulative environments of human activity.
Scientific knowledge generated through exploration can then motivate more intensive intervention.
The process therefore contains feedback.
Observation generates knowledge.
Knowledge increases technical capacity.
Capacity permits intervention.
Intervention generates new evidence and new environmental relations.
These relations alter the conditions of later observation.
The cycle can be scientifically productive. Landing, drilling, sampling, and instrument deployment

often require physical alteration in order to produce knowledge inaccessible through remote observation.
The governance problem concerns the structure of that generative cycle.
An intervention can generate knowledge while preserving enough environmental integrity for future

inquiry.
Another intervention can generate immediate knowledge while closing a much larger range of future

questions.
The relevant comparison therefore extends beyond the scientific return of one mission.
It includes the trajectory of future inquiry enabled or foreclosed by the intervention.

11.10 Epistemic Preservation and Generative Capacity

The concept of generative capacity provides a useful bridge between environmental preservation and
scientific exploration.

Complete non-interference would preserve many existing relations while greatly reducing the capac-
ity to generate new knowledge through direct investigation.

Unrestricted intervention could generate substantial short-term knowledge while destroying condi-
tions required for later discovery.

A generative approach evaluates both dimensions.
It asks whether an intervention produces knowledge.
It also asks whether the intervention preserves the environment’s capacity to support further knowl-

edge.
This distinction can be described as preservation of epistemic generativity.
An environment remains epistemically generative where future inquiry can continue to produce ma-

terially new understanding from relations that have not been irretrievably obscured by previous interven-
tion.

The criterion encourages spatial, temporal, and procedural differentiation.
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Some sites can support intensive experimentation.
Other sites can remain minimally disturbed as reference environments.
Interventions can proceed in stages.
Samples can be taken under documentation requirements that preserve provenance.
Mission architecture can retain controls against uncontrolled biological transfer.
Environmental baselines can be recorded before major intervention.
The appropriate design depends upon the environment and the scientific problem.
The general objective is continuity of future inquiry.

11.11 Baseline Knowledge and Pre-Intervention Documentation

Intervention increases the value of baseline knowledge.
Once an environment has changed, reconstruction of its earlier state depends upon observations and

records produced before the change.
Baseline documentation therefore performs a function analogous to archives in historical inquiry.
It preserves traces of a pre-intervention configuration.
This preservation can include imagery, chemical measurements, environmental sampling, spatial

records, instrument metadata, contamination inventories, and documentation of spacecraft materials.
Planetary-protection practice already incorporates extensivemission documentation and contamination-

control procedures [4, 6].
The philosophical importance of such documentation extends beyond regulatory compliance.
Documentation creates future re-identifiability.
If later evidence reveals an unexpected compound, organism, or environmental change, records of

the mission can help distinguish pre-existing relations from human-generated ones.
The value of documentation therefore increases with the uncertainty of the environment.
Present actors cannot know which details later investigators will find important.
Rich provenance and contextual records preserve interpretive flexibility.
The relation between environmental preservation and archival preservation is therefore close.
One protects the object.
The other protects knowledge of the object’s transformation.
Responsible intervention frequently requires both.

11.12 Reversibility and Staged Exploration

Deep uncertainty creates a strong argument for staged intervention.
Staging allows knowledge generated at one level of interaction to inform the decision concerning the

next level.
Remote sensing can precede landing.
Orbital reconnaissance can identify regions requiring stronger protection.
Robotic investigation can precede sustained human presence.
Limited sampling can precede large-scale extraction.
Contained experiments can precede environmental release.
The structure preserves learning between stages.
Reversibility is rarely complete, since even observation and landing can alter an environment. The

relevant question concerns degrees of corrective capacity.
An intervention with localized and well-documented effects preserves more future options than an

intervention whose effects disperse globally across the target environment.
A mission architecture capable of stopping after unexpected evidence appears preserves more adap-

tive capacity than one whose consequential stages are irreversibly coupled from the beginning.
Staged exploration therefore converts uncertainty into a sequential governance problem.
The decision concerns the next intervention under the knowledge currently available.
Later stages remain conditional upon what earlier stages reveal.
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This structure aligns scientific exploration with adaptive governance.

11.13 Planetary Protection as a Revisable Scientific Institution

Planetary-protection governance also demonstrates the importance of revisable standards.
The relevant scientific knowledge changes.
Understanding of microbial survival changes.
Knowledge of planetary environments changes.
Mission technologies change.
The set of actors conducting missions changes.
The current COSPAR policy explicitly operates as an evolving scientific standard whose require-

ments are revised as relevant knowledge develops [4, 6].
This revisability is structurally important.
A permanently fixed contamination standard would gradually become detached from the science that

originally justified it.
Continuous discretionary change would create uncertainty for mission planning and international

coordination.
The institution therefore requires a balance between stability and scientific revision.
Planetary protection offers a concrete example of governance under an unfinished epistemic environ-

ment.
Rules must be determinate enough to guide present missions.
The scientific grounds of those rules remain open to later correction.
This structure parallels the broader historical argument developed throughout the paper.
Knowledge becomes institutionally actionable before it becomes complete.
Institutions therefore require mechanisms through which later knowledge can alter earlier rules.

11.14 Distributed Responsibility in an Expanding Space Sector

The growth of governmental, commercial, and international space activity makes planetary protection
increasingly a problem of distributed responsibility.

A planetary environment can be affected by missions conducted by several states, agencies, univer-
sities, firms, and international partnerships.

The environmental outcome therefore emerges from cumulative activity.
One mission can satisfy a narrow risk threshold while the aggregate activity of many missions pro-

duces a substantially different environment.
The Outer Space Treaty already places international responsibility upon States for national space

activities and requires authorization and continuing supervision of relevant non-governmental activities
[60].

The expansion of private and commercial participation increases the importance of translating sci-
entific standards into governance arrangements applicable across heterogeneous actors. Coustenis and
colleagues identify this growing diversity of space actors as an important contemporary context for plan-
etary protection [6].

The epistemic problem is similarly distributed.
Different missions collect different forms of environmental data.
Operators possess different information about spacecraft materials and mission operations.
Scientific communities possess different models of environmental sensitivity.
Governance therefore requires infrastructures for sharing information relevant to cumulative effects.
Planetary protection becomes more difficult once intervention is no longer an exceptional act per-

formed by a small number of national scientific agencies.
The transition from sparse exploration toward repeated presence changes the scale of the governance

problem.

85



DRAFT

11.15 Protection, Exploration, and Proportionality

Planetary responsibility cannot be reduced to universal preservation of every extraterrestrial environment
in its current state.

Exploration itself possesses scientific and social value.
Direct investigation can reveal relations inaccessible from Earth.
Sampling can generate knowledge impossible through remote sensing.
Some environmental alterations are necessary for measurement.
Future activities can produce capabilities valuable to terrestrial and extraterrestrial societies.
Governance therefore requires proportionality.
The scientific value of intervention should be considered together with the magnitude of environmen-

tal change, the uniqueness of the site, the uncertainty surrounding its significance, the reversibility of the
intervention, the availability of alternative sites or methods, and the future options likely to be preserved.

This framework avoids equating responsibility with immobility.
It treats restraint as one instrument within a broader strategy of generative exploration.
Some environments can justify strong protection.
Some can support controlled experimentation.
Some can support comparatively intensive use once scientific and ethical conditions are sufficiently

characterized.
The categories should remain revisable as knowledge develops.
This proportional approach also recognizes that protection imposes opportunity costs.
Preserving one site can delay scientific investigation or other valuable uses.
Intervening can destroy future possibilities.
Responsible governance must therefore compare trajectories rather than treating either preservation

or intervention as self-justifying.

11.16 Epistemic Responsibility before Normative Completeness

Extraterrestrial governance exposes a deeper philosophical difficulty.
Humanity may need to regulate intervention before possessing a complete theory of what extrater-

restrial environments ought to be valued for.
The moral status of hypothetical extraterrestrial microorganisms remains debated.
The value of lifeless geological structures remains debated.
Future settlement and resource claims remain debated.
The interests of future generations cannot be fully specified.
The normative status of environments that no subject currently inhabits remains theoretically unset-

tled.
Governance nevertheless proceeds.
Spacecraft are launched.
Samples are collected.
Surfaces are disturbed.
Missions are selected.
Commercial capabilities develop.
Normative incompleteness therefore cannot serve as a reason to postpone every decision.
A more modest principle is available.
Where present actors possess substantial uncertainty concerning an environment’s future epistemic

or normative significance, and where intervention can remove the possibility of later recognition, preser-
vation of recognizability itself has value.

This principle requires no final answer concerning the intrinsic moral status of every celestial envi-
ronment.

It protects the conditions under which later knowledge and later normative reflection can occur.
Epistemic responsibility therefore precedes normative completeness.
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11.17 Celestial Responsibility and the Preservation of Possibility

The transition from observation to intervention transforms the historical relation between astronomy and
politics.

Earlier political systems frequently drew order, temporal coordination, orientation, legitimacy, and
symbolic resources from celestial observation.

Modern political institutions created observatories, standards, navigation systems, archives, and in-
ternational scientific organizations through which celestial knowledge became increasingly precise.

That accumulated knowledge now gives human institutions the capacity to alter the environments
from which further knowledge will emerge.

Political responsibility consequently returns to astronomy in a new form.
The central problem is no longer limited to how political communities interpret the heavens.
It includes how political communities should act upon them.
Planetary protection offers an existing institutional response centered upon biological contamination,

scientific integrity, and protection of Earth from potentially hazardous returned material [4, 6].
The wider philosophical problem extends beyond the current technical scope of planetary protection.
Humanity increasingly possesses the capacity to transform poorly understood environments whose

future scientific, ecological, historical, aesthetic, or normative significance remains only partially recog-
nizable.

A preliminary principle of celestial responsibility follows from this condition: intervention should
preserve, to a degree proportionate to the possible irreversibility of the action, the capacity of future
inquiry to recognize relations that present inquiry cannot yet identify.

Such responsibility protects environmental states and epistemic possibility together.
It supports exploration because knowledge requires interaction.
It supports restraint because some interactions eliminate the conditions of further knowledge.
It supports documentation because transformation should remain historically reconstructable.
It supports staged intervention because learning can precede deeper alteration.
It supports revisable standards because scientific understanding continues to develop.
The resulting orientation is neither preservation of a static cosmos nor unrestricted technological

expansion. It is the governance of an increasingly generative human relation with celestial environments.
The next section examines a more direct and politically demanding form of this relation. Planetary

defense transforms astronomical knowledge into deliberate intervention intended to protect Earth itself.
The capacity to alter the trajectory of a potentially hazardous celestial body creates questions of authority,
uncertainty, distributive risk, international responsibility, and the political representation of populations
exposed to different possible outcomes.

12 Planetary Defense and Collective Authority

This section examines planetary defense as a case in which astronomical knowledge becomes the basis
for deliberate intervention intended to protect terrestrial populations. Its role is to extend the preceding
analysis of planetary protection from preservation of extraterrestrial environments toward a more de-
manding problem of collective security. The discussion proceeds through the technical transformation
demonstrated by asteroid-deflection experiments, the international architecture for detection and mission
planning, the distribution of impact risk, the redistribution of risk through intervention, the authority to
initiate a deflection mission, uncertainty in early warning, the temporal value of advance detection, the
distinction between technical success and political legitimacy, liability and responsibility, representation
of unequally exposed populations, dual-use concerns, and the institutional requirements of planetary-
scale decisionmaking. The section argues that planetary defense creates a political object whose physical
scale is planetary while its institutions remain distributed among states, scientific organizations, space
agencies, and international coordinating bodies. The resulting governance problem concerns the con-
struction of legitimate collective authority before an actual emergency compresses the time available for
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deliberation.

12.1 The Transition from Prediction to Deflection

The history of astronomy has long included prediction of celestial motion. Planetary defense adds a quali-
tatively different capacity: sufficiently precise knowledge of motion can support deliberate modification
of a celestial trajectory.

NASA’s Double Asteroid Redirection Test, or DART, provided the first full-scale demonstration of
asteroid deflection by kinetic impact. In September 2022, the spacecraft deliberately impacted Dimor-
phos, the small companion of the asteroid Didymos, and measurably changed Dimorphos’s orbital period
around Didymos [36, 37]. Neither member of the binary system posed an impact threat to Earth, so the
mission functioned as a controlled technology demonstration rather than an emergency response.

The significance of DART extends beyond its engineering result. Humanity deliberately altered the
motion of a celestial object through a mission designed for planetary defense.

Later analysis showed that the impact changed the motion of the entire Didymos–Dimorphos system
around the Sun by a small but measurable amount [37]. The physical change was minute in comparison
with the scale of the heliocentric orbit, while its conceptual importance was large. A celestial trajectory
had become an object of intentional human modification.

Planetary defense therefore represents a new stage in the astronomy–politics relation developed
throughout this paper.

Earlier astronomy made celestial motion predictable.
Political institutions supported the observations and calculations through which that prediction be-

came increasingly precise.
Contemporary technology converts some forms of prediction into potential intervention.
The political consequence follows immediately. Once intervention becomes possible, a threatening

trajectory becomes an object of collective decision.
The relevant question is no longer confined to whether an asteroid will strike Earth.
Institutions must determine whether, when, how, and under whose authority its trajectory should be

changed.

12.2 Planetary Defense as a Global Coordination Problem

A significant near-Earth object impact differs frommany ordinary disasters because the hazardous object
does not belong to one political jurisdiction and the relevant trajectory can cross or threaten several
jurisdictions during the period of uncertainty.

The United Nations has therefore supported the development of international coordination mecha-
nisms for planetary defense. The International Asteroid Warning Network and the Space Mission Plan-
ning Advisory Group were established following recommendations endorsed through the United Nations
Committee on the Peaceful Uses of Outer Space and the General Assembly [65].

Their functions are differentiated.
The International Asteroid Warning Network supports observation, characterization, information ex-

change, and dissemination concerning potential near-Earth object threats.
The Space Mission Planning Advisory Group provides a forum through which national space agen-

cies and relevant institutions can discuss mission options and coordinate planning for possible mitigation
[65].

This architecture reflects the epistemic structure developed in Section 10. No single observing insti-
tution possesses complete access to the relevant evidence. Planetary defense depends upon distributed
observation, common standards, orbit determination, continuing revision, and coordinated interpretation.

The architecture also reflects the political structure developed in Section 5. Scientific coordination
can be organized through international interfaces even where participating institutions retain national
authority and distinct internal structures.

Planetary defense pushes this model toward its limit.
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Scientific coordination can identify a threat and develop possible mission profiles.
Execution of a deflection mission requires political authorization, substantial resources, launch ca-

pability, technical capacity, and acceptance of the risks created by intervention.
The transition from observation to action therefore crosses an institutional boundary between epis-

temic coordination and political authority.

12.3 The Global Character of Impact Risk

Planetary defense is often described as a problem concerning humanity or Earth as a whole. This descrip-
tion captures the scale of the potential hazard while leaving important distributive structure unresolved.

A sufficiently large impact can produce transboundary or global consequences.
Many plausible impact scenarios, however, expose particular regions more strongly than others.
As orbital knowledge develops, the set of possible impact locations can form a risk corridor rather

than one precisely determined point.
Populations inside the corridor can face substantial conditional risk while populations elsewhere face

much lower direct impact risk.
The global political object therefore contains geographically differentiated exposure.
This distinction matters because collective language can conceal the location of expected harm.
A planetary-defense decision can be justified in the name of humanity while the immediate physical

risk is concentrated upon particular states, cities, or populations.
The same pattern appears after intervention.
A successful deflection can remove the impact probability from Earth altogether.
An uncertain or partial deflection can alter the set of terrestrial locations exposed to the remaining

risk.
Planetary defense therefore combines a potentially global public good with a geographically struc-

tured distribution of risk.
The political problem concerns both dimensions.

12.4 Deflection and the Redistribution of Risk

Asteroid deflection changes more than the magnitude of impact risk. It can change its geographical
distribution.

Rumpf and colleagues modeled deflection scenarios under substantial uncertainty in asteroid orbit
and physical properties and showed that a mitigation attempt can alter the terrestrial risk profile in ways
that expose populations that previously faced little or no risk [50]. Their analysis demonstrates that the
outcome of a deflection mission is more adequately represented through changing risk distributions than
through a binary distinction between success and failure.

This point has major normative significance.
Suppose an asteroid possesses a probability of impact somewhere along an uncertain terrestrial cor-

ridor.
A deflection manoeuvre changes the trajectory.
As knowledge and intervention develop, the conditional impact distribution can move across the

Earth’s surface.
Some populations can experience reduced expected risk.
Others can experience increased expected risk during part of the mitigation process.
A decision justified through reduction of global expected harm can therefore create temporary or

residual increases in risk for identifiable populations.
The resulting problem resembles neither ordinary disaster response nor ordinary national defense.
The hazardous object originated independently of human political conflict.
The redistribution of risk, however, can become partly attributable to human decision.
Political responsibility consequently changes after intervention begins.
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Before intervention, the distribution arises primarily from the natural trajectory and existing condi-
tions.

After intervention, the distribution increasingly reflects a chosen trajectory-modification strategy.
The distinction is ethically and legally important because affected populations can reasonably dis-

tinguish exposure generated by an asteroid from exposure generated through the mitigation decisions of
political and technical actors.

12.5 Natural Hazard and Generated Political Risk

Planetary defense therefore transforms part of a natural hazard into generated political risk.
The transformation occurs even where the intervention has an overwhelmingly protective purpose.
An asteroid can be discovered with a probability distribution over future trajectories.
Political institutions then choose whether to intervene.
They choose a technique.
They choose a mission architecture.
They choose a time of intervention.
They choose acceptable levels of residual uncertainty.
These choices alter the later risk field.
The resulting risk possesses a mixed causal structure.
Part derives from the original astronomical hazard.
Part derives from epistemic uncertainty.
Part derives from technical limitations.
Part can derive from the selected mitigation strategy.
The mixed structure complicates moral responsibility.
Failure to intervene can expose populations to a foreseeable natural hazard.
Intervention can reduce total risk while increasing the exposure of particular populations.
Delayed intervention can preserve information while reducing the remaining time for effective de-

flection.
Early intervention can provide greater dynamical leverage while operating under greater uncertainty.
Planetary defense therefore requires comparison among generated trajectories of risk.
The relevant normative question concerns the distribution and reversibility of those trajectories as

much as the final expected planetary outcome.

12.6 Advance Warning as a Political Resource

Time is one of the most important resources in planetary defense.
A small change in velocity applied sufficiently far in advance can accumulate into a large spatial

displacement by the time the object reaches the relevant encounter with Earth.
DART demonstrated the technical principle that a kinetic impact can alter an asteroid’s motion

[36, 37]. The practical usefulness of such a technique depends heavily upon discovering and charac-
terizing the hazardous object early enough for mission design, authorization, launch, travel, impact, and
subsequent observation.

Advance warning therefore creates political options.
A long warning period permits repeated observations.
Orbital uncertainty can decline.
Physical properties of the object can be characterized more carefully.
Several mission architectures can be compared.
International consultation can occur before decisions become urgent.
Multiple missions can potentially be staged.
Civil-protection measures can be developed in parallel.
A short warning period compresses these possibilities.
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Technical and political processes that ordinarily operate at different timescales are forced into one
emergency interval.

The value of astronomical surveillance is therefore institutional as well as scientific.
Early detection expands the space of politically available trajectories.
Observation becomes a source of governance capacity because information acquired earlier preserves

more choices for later action.
This relation provides another instance of generativity.
Knowledge generated before crisis does not merely describe the hazard.
It creates additional future options.

12.7 Uncertainty and the Timing of Political Commitment

Early detection also creates a difficult temporal problem because long warning periods often begin with
substantial uncertainty.

A newly discovered object can initially possess an incompletely determined orbit.
Additional observations can substantially revise the estimated probability of impact.
Physical properties relevant to mitigation can remain poorly known.
A decision to beginmission planning can therefore be required before the impact probability becomes

stable.
The United Nations-supported planetary-defense architecture is designed partly to address this prob-

lem through staged escalation from observation and warning toward mission planning and possible mit-
igation [65].

This institutional structure reflects the difference between evidence threshold and action threshold.
A low-probability possibility can justify intensified observation.
A higher or more consequential risk can justify technical mission planning.
Launch and intervention require still stronger justification because their costs and consequences are

greater.
The precise thresholds belong to technical and institutional governance and can evolve with capabil-

ity.
The more general political principle is differentiated commitment.
Institutions can respond to uncertainty through actions whose reversibility and cost correspond to the

evidentiary state.
Observation can be intensified before a deflection mission is authorized.
Mission options can be designed before one option is selected.
Hardware can sometimes be prepared before deployment becomes necessary.
Political consultation can begin before the emergency threshold is reached.
The architecture therefore preserves capacity for action without treating early uncertainty as either

certainty of disaster or grounds for institutional inaction.

12.8 Authority to Alter a Celestial Trajectory

The capacity to deflect a threatening asteroid raises a basic question of political authority.
A technically capable state or agency can possess themeans to execute amissionwhose consequences

extend beyond its jurisdiction.
The physical object itself lies outside ordinary territorial sovereignty.
The populations affected by the decision can be distributed across many states.
The intervention can alter the risk faced by people who have no direct institutional relation to the

actor executing the mission.
Existing international space law provides important general principles. Article I of the Outer Space

Treaty states that exploration and use of outer space are to be carried out for the benefit and in the
interests of all countries, and Article III places space activities within international law and the interests
of international peace and cooperation [60].
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These principles provide a normative and legal background while leaving substantial institutional
questions concerning emergency planetary-defense authorization.

Schmidt’s historical analysis of planetary-defense governance emphasizes the continuing depen-
dence of operational capability upon particular space-faring states and argues for stronger multilateral
arrangements [51]. His later proposal for a responsibility to defend Earth similarly identifies the need
for shared normative foundations, international trust, and governance capable of addressing the security
implications of deflection technologies [52].

The authority problem therefore has at least three dimensions.
Technical authority concerns which institutions possess sufficient expertise to recommend an inter-

vention.
Operational authority concerns which actors possess the capacity to execute it.
Political legitimacy concerns whose authorization should govern a decision whose risks and benefits

are internationally distributed.
These forms of authority can reside in different institutions.
Planetary defense therefore creates a need for an interface among scientific, operational, and political

authority.

12.9 Collective Benefit and Unequal Exposure

A planetary-defense mission can produce a collective benefit while imposing unequal burdens.
This structure is familiar in political theory but acquires unusual clarity in an asteroid-deflection

scenario.
The benefit can be the reduction of expected planetary harm.
The burdens can include increased conditional risk along part of an impact corridor, financial cost,

evacuation, disruption, environmental damage, or residual uncertainty.
States possessing the technical capacity to execute a mission can differ from states bearing the highest

impact risk.
States contributing the largest financial resources can differ from populations most vulnerable to

mission failure.
Political representation therefore cannot be inferred from technological capacity.
A state able to launch a kinetic impactor does not thereby become the sole representative of humanity.
A state located outside the predicted risk corridor cannot assume that global risk reduction exhausts

the interests of populations inside the corridor.
Conversely, a state facing high immediate risk cannot automatically claim exclusive authority over

an intervention capable of producing consequences for the entire planet.
Planetary defense therefore requires representation across several dimensions: capability, exposure,

population, scientific expertise, and wider global interest.
The institutional problem is one of constructing legitimate collective action from these differently

distributed relations.

12.10 Risk Corridors and Procedural Justice

The existence of geographically differentiated impact probabilities gives procedural justice special im-
portance.

Affected populations can reasonably demand access to information concerning the estimated risk.
They can reasonably demand transparency concerning assumptions used in deflection planning.
States within a possible impact corridor possess a strong claim to participate in deliberation concern-

ing mission strategies that can alter their exposure.
Procedural participation does not imply that every affected actor can possess a veto over every emer-

gency measure.
Planetary defense can require timely decisions under conditionswhere universal agreement is unattain-

able.
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The relevant institutional design should nevertheless distinguish emergency speed from exclusion.
Advance planning can create representation procedures before the emergency occurs.
Scientific models can be shared.
Alternative trajectories can be assessed publicly where security constraints allow.
Decision rules can be established prospectively.
Mechanisms for consultation with highly exposed states can be formalized.
Procedures for later review and accountability can be specified.
The availability of such arrangements before crisis reduces the temptation to treat emergency condi-

tions as justification for completely ad hoc authority.
Planetary-defense legitimacy is therefore partly a problem of institutional preparation.

12.11 Technical Success and Political Legitimacy

DART demonstrates that a planetary-defense intervention can be evaluated technically.
A spacecraft reached its intended target.
The impact changed the target’s motion.
Subsequent observations measured the resulting orbital change [36, 37].
An actual hazard would require additional dimensions of evaluation.
A mission could achieve the intended velocity change while redistributing risk in a politically unac-

ceptable way.
A mission could reduce global expected casualties while imposing a concentrated residual risk upon

a population excluded from the decision.
A technically conservative mission could be politically problematic if the decision process lacked

transparency or legitimate authority.
A mission could also possess strong procedural legitimacy while failing because the physical prop-

erties of the asteroid were poorly understood.
Technical success and political legitimacy are therefore separate dimensions.
Planetary defense requires both.
The distinction is important because technical expertise can acquire exceptional authority during

high-risk situations.
Expert knowledge is indispensable for determining orbital dynamics, physical properties, mission

feasibility, and expected consequences.
The choice among politically relevant distributions of risk cannot be reduced to orbital mechanics

alone.
Expert analysis defines feasible trajectories and expected physical outcomes.
Political institutions must determine which distributions of risk and responsibility are acceptable

within that feasible set.
The separation of functions protects scientific expertise from being asked to supply normative judg-

ments that exceed its domain while protecting political decision from pretending that physical constraints
are negotiable.

12.12 Risk Reduction as a Distribution rather than a Binary Outcome

The analysis of deflection under uncertainty also changes the meaning of success.
Rumpf and colleagues emphasize that mitigation outcomes should be evaluated through risk reduc-

tion under uncertainty rather than solely through binary labels of successful or unsuccessful deflection
[50].

This perspective is important because the physical object can have uncertain mass, structure, compo-
sition, spin, and orbit.

The efficiency of a kinetic impact can therefore remain uncertain before intervention.
Post-intervention observations can reduce that uncertainty.
Political planning should consequently represent a range of possible outcomes.
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One mission architecture can provide a high probability of complete deflection while creating a nar-
row range of adverse residual trajectories.

Another can provide smaller expected deflection with lower variance.
A multi-stage architecture can create opportunities for correction.
A delayed mission can benefit from additional observations while sacrificing some dynamical lever-

age.
These alternatives cannot be ranked through one technical variable alone.
The risk distribution matters.
The geographical distribution matters.
The temporal distribution matters.
The ability to correct later matters.
Political evaluation therefore concerns the shape of the intervention trajectory.

12.13 Corrective Capacity and Multi-Stage Defense

Corrective capacity becomes especially important where uncertainty remains high.
A single decisive intervention can simplify mission architecture while placing greater weight upon

one prediction and one technical event.
A staged approach can preserve opportunities for additional observation and subsequent correction.
The trade-off depends uponwarning time, asteroid properties, available technology, mission duration,

and the size of the required trajectory change.
The political significance of staging parallels the argument developed in Section 11.12.
A staged intervention preserves governance capacity between actions.
New evidence can be incorporated.
Unexpected physical response can be measured.
The distribution of residual risk can be recalculated.
Further intervention can be modified accordingly.
Staging therefore converts part of the uncertainty into future learning.
Its value decreases where the warning period is too short or where the required intervention must

occur rapidly.
The broader normative principle concerns preservation of corrective capacity under uncertainty.
A planetary-defense architecture is stronger when it avoids unnecessary early closure of later options.
This principle aligns technical resilience with political humility.

12.14 Responsibility after Intervention

Intervention creates a new historical relation of responsibility.
Before a mitigation mission, political institutions confront a naturally occurring astronomical threat.
After a mission alters the trajectory, later outcomes are partly connected to human action.
The distinction does not imply that every adverse consequence of a good-faith mitigation effort con-

stitutes wrongful conduct.
It changes the structure of accountability.
Decision makers should be able to explain the evidence available at the time.
They should be able to explain the alternatives considered.
They should preserve models and assumptions used to estimate the effects of intervention.
Mission operations and observed outcomes should be documented.
Affected states should have access to relevant information.
Legal arrangements should address consequences where intervention produces damage.
The 1972 Liability Convention provides an existing international framework for state liability con-

cerning damage caused by space objects [61]. Planetary-defense scenarios can nevertheless create ques-
tions extending beyond ordinary launch and re-entry cases, especially where harm results from the inten-
tional modification of a natural object’s trajectory.
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These issues strengthen the case for anticipatory legal and political development before an actual
threat requires action.

Responsibility should be designed into the governance architecture rather than constructed only after
failure.

12.15 Dual-Use Capacity and International Trust

Planetary-defense technologies also possess security implications.
High-precision tracking, launch capability, autonomous guidance, high-energy interception, and

some possible deflection technologies overlap with capabilities relevant to national security.
This overlap can generate mistrust even where the intended mission is protective.
Schmidt emphasizes that planetary-defense governance must address the security implications of

technical capacity and the possibility that unilateral action could undermine international trust [51, 52].
The governance problem therefore includes transparency concerning purpose, capability, andmission

architecture.
International participation can reduce uncertainty about intent.
Distributed observation can allow independent verification of the threatening object and the effect of

intervention.
Shared mission analysis can reduce dependence upon one state’s interpretation.
International scientific cooperation can provide an epistemic foundation for political trust.
The objective is neither unrestricted disclosure of every security-sensitive technical detail nor exclu-

sive control by one actor.
The institutional problem concerns credible verification sufficient to make collective reliance politi-

cally sustainable.
Planetary defense consequently reveals a recurring theme of this paper: epistemic infrastructure can

become a condition of political cooperation.

12.16 Planetary Defense and the Representation of Humanity

Planetary-defense discourse frequently invokes humanity as the subject being protected.
The concept has genuine practical significance because a sufficiently severe impact can affect the

Earth system at a scale exceeding ordinary political boundaries.
Humanity, however, possesses no single comprehensive political institution through which every

affected subject is represented equally.
The phrase therefore performs several functions simultaneously.
It identifies the planetary scale of the protected object.
It expresses a universalistic normative aspiration.
It can support international cooperation.
It can also conceal the institutional problem of who is authorized to speak and act on behalf of that

collective.
A theory of planetary defense should therefore distinguish humanity as a normative referent from the

institutions that actually make decisions.
States remain central actors in international law.
Space agencies possess operational capacity.
Astronomical institutions produce threat assessments.
International bodies coordinate information and planning.
Affected populations possess interests that can diverge from the preferences of technically capable

actors.
Planetary governance emerges through relations among these institutions rather than through a pre-

existing unitary planetary sovereign.
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This structure is especially relevant to the Generative Relational perspective underlying the broader
research programme. The political subject called “humanity” becomes actionable through institutions,
procedures, shared knowledge, and common threats.

Its political reality is relationally generated.

12.17 Institutional Architecture before Emergency

The strongest governance lesson from planetary defense concerns timing.
Institutional design should precede the emergency.
Once a credible impact threat is discovered, political time can become scarce.
Public fear can increase.
Scientific probabilities can change rapidly.
States can perceive divergent national interests.
Launch windows can constrain deliberation.
Technical options can disappear as the remaining warning time decreases.
An emergency is therefore a poor environment in which to invent the entire governance architecture.
The United Nations-supported creation of IAWN and SMPAG already represents an important form

of anticipatory institutionalization [65]. Schmidt’s analysis nevertheless identifies substantial remaining
gaps concerning multilateral authority, long-term financing, technical capacity, and security governance
[51].

A more mature architecture would require at least several interacting functions.
Threat detection should remain distributed and scientifically verifiable.
Risk assessment should preserve uncertainty and geographical information.
Mission planning should compare several intervention trajectories.
States exposed to substantial conditional risk should possess structured channels of participation.
Operational authority should be identified before launch windows become urgent.
Legal responsibility should be clarified.
Independent observation should continue after intervention.
Decision records should be preserved for later review.
Communication procedures should translate changing scientific probabilities into public information

without converting uncertainty into either panic or false reassurance.
These functions need not reside in one institution.
Their coordination is more important than complete centralization.

12.18 Planetary Defense as Generative Governance

Planetary defense provides an especially clear example of generative governance.
Astronomical surveillance generates knowledge of a possible threat.
Knowledge generates a field of technical and political options.
Institutional decisions select among those options.
Intervention changes the celestial trajectory.
The changed trajectory generates a new distribution of terrestrial risk.
Further observation generates new knowledge of that distribution.
Later action responds to the newly generated conditions.
Governance therefore proceeds recursively.
The object under governance changes partly because governance acts upon it.
This property distinguishes planetary defense from a model in which a stable external hazard is

merely measured and managed.
The intervention enters the dynamics of the hazard.
Political judgment must therefore follow the trajectory it helps create.
The same recursive structure appeared in the historical account of astronomy and politics developed

earlier in the paper. Political institutions created astronomical infrastructures. Those infrastructures
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generated knowledge. Knowledge expanded political capacity. Expanded capacity created new forms
of intervention.

Planetary defense is a contemporary culmination of that reciprocal history.
Humanity can now use astronomical knowledge to alter a celestial trajectory for political purposes

defined in terms of planetary protection.
The capacity creates responsibility for the relations generated through its exercise.

12.19 Collective Security under an Unfinished Epistemic Condition

Planetary defense ultimately combines several conditions developed throughout the paper.
Observation is distributed.
Evidence remains temporally revisable.
The object is only partially characterized.
Decision time can be limited.
Technical capability is unequally distributed.
Potential harm can cross political boundaries.
Intervention can redistribute risk.
Political authority remains institutionally plural.
The resulting governance problem cannot be solved through complete knowledge because the deci-

sion often precedes epistemic closure.
It cannot be solved through technical expertise alone because several technically feasible trajectories

can distribute risk differently.
It cannot be solved through national sovereignty alone because the relevant consequences can extend

beyond national jurisdiction.
It cannot be solved through abstract invocation of humanity alone because actual decisions require

institutions with identifiable authority and accountability.
The appropriate political architecture must therefore combine scientific coordination, international

legitimacy, distributed representation, operational capacity, and continued revisability.
Planetary defense provides a distinctive form of collective security because the underlying threat

originates outside political conflict while the response can create political conflict if authority and risk
distribution remain poorly governed.

Its promise is correspondingly unusual.
The same astronomical knowledge that reveals planetary vulnerability can support a genuinely shared

project of protection.
The quality of that project depends upon whether the institutions governing it can treat the Earth as a

common object of concern while preserving attention to the unequal positions of the people who inhabit
it.

The following section turns from emergency intervention to a slower and increasingly persistent
transformation of the celestial environment. Satellite constellations, orbital congestion, astronomical in-
terference, lunar infrastructure, resource activity, and repeated human presence create governance prob-
lems whose effects accumulate gradually rather than arriving through one exceptional threat. These
developments raise a different question concerning the heavens as a shared scientific, environmental,
and political domain.

13 Shared Celestial Environments and Cumulative Governance

This section examines the governance problems created when repeated human activities accumulate
within orbital and lunar environments. Its role is to extend the analysis from discrete interventions, such
as planetary-protection measures and asteroid deflection, toward environments in which many actors
conduct individually authorized activities whose combined effects alter the conditions available to oth-
ers. The discussion proceeds through orbital congestion, debris accumulation, the protection of dark and
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quiet skies, satellite-constellation interference, cumulative environmental effects, lunar site scarcity, sci-
entific opportunity on the Moon, resource activity, operational deconfliction, heritage, intergenerational
access, and polycentric coordination. The section uses the language of shared environments cautiously.
Outer space is governed through specific international legal principles and cannot be reduced to one con-
ventional terrestrial property category. The analytical concern is narrower: many celestial environments
possess non-exclusive or transboundary uses, limited capacities, cumulative externalities, and future op-
tion values that make unilateral project-by-project governance increasingly insufficient.

13.1 Cumulative Transformation of Near-Earth Space

The preceding sections considered interventions whose effects can often be associated with identifiable
missions. Planetary contamination can be traced to particular spacecraft. A planetary-defense mission
deliberately modifies a specific celestial trajectory.

Near-Earth orbital environments present a different structure.
Thousands of operational spacecraft coexist with inactive spacecraft, rocket bodies, fragments, and

other human-made objects. Each launch enters an environment already transformed by previous launches.
Each operational satellite shares orbital regions with objects controlled by different states and operators.
Each fragmentation event changes the collision environment faced by actors who did not participate in
the event that generated the fragments.

ESA’s 2026 Space Environment Report describes the continuing increase in objects, mass, and area
placed in Earth orbit and identifies the rapid growth of large constellations as an important transformation
of the low-Earth-orbit environment [14]. The report treats the orbital environment as a finite resource
and emphasizes increasing conjunction risk in heavily used altitude ranges [14].

The governance problem is cumulative.
One functioning satellite can occupy an orbit without materially threatening the long-term accessi-

bility of the entire region.
One controlled re-entry can be compatible with sustainable use.
One constellation can provide substantial communication, navigation, Earth-observation, scientific,

or economic value.
The aggregate of many activities can nevertheless alter collision probability, observational interfer-

ence, radio-frequency conditions, atmospheric re-entry effects, and the practical availability of preferred
orbital regions.

The relevant political object therefore exceeds the individual mission.
Governance must consider the environment generated through the interaction of many missions

across time.
This structure differs from ordinary project authorization. A regulator can evaluate whether one

spacecraft satisfies technical requirements and still fail to evaluate whether the cumulative trajectory of
all similarly authorized spacecraft remains sustainable.

Cumulative governance therefore requires an environmental level of analysis in addition to mission-
level compliance.

13.2 Shared Use and the Legal Structure of Outer Space

The shared character of celestial environments requires legal precision.
The Outer Space Treaty establishes freedom of exploration and use of outer space without discrim-

ination, requires access to celestial bodies on a basis of equality, and prohibits national appropriation
of outer space and celestial bodies by claims of sovereignty, occupation, or other means [60]. It also
requires States Parties to conduct activities with due regard to the corresponding interests of other States
Parties and establishes consultation mechanisms where potentially harmful interference is anticipated
[60].

These principles create a distinctive legal environment.
A useful orbital region can support activities conducted by many actors.
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A state cannot transform use of a celestial body into ordinary territorial sovereignty through occupa-
tion.

The activity of one actor can nevertheless materially affect the conditions under which others exercise
their own rights of exploration and use.

The term commons can illuminate some aspects of this structure, especially congestion, external-
ities, collective-action problems, and preservation of future access. Ostrom’s institutional analysis of
common-pool resources demonstrates more generally that shared-resource problems can be governed
through diverse institutional arrangements whose effectiveness depends upon the specific structure of
users, resources, monitoring, and rule formation [38].

Outer space, however, should not be classified automatically as a terrestrial common-pool resource
in a strict legal or economic sense. Orbital slots, radio-frequency environments, visibility of the night
sky, lunar surface sites, scientific silence, and extraterrestrial materials possess different physical and
institutional properties.

The more useful concept for the present paper is shared-use environment.
A shared-use environment is one in which the action of one actor can alter conditions relevant to

other actors whose legitimate activities occur within, through, or in relation to the same environment.
The definition emphasizes relational interdependence.
Its governance implications depend upon the specific resource or environmental function under con-

sideration.

13.3 Orbital Regions as Congestible Infrastructures

Earth orbit illustrates the distinction between physical vastness and functional scarcity.
Outer space is enormous.
Useful orbital configurations are more constrained.
Mission requirements can concentrate spacecraft within particular altitude, inclination, lighting, la-

tency, coverage, or communication conditions.
Large communication constellations have produced substantial concentrations of active spacecraft

within portions of low Earth orbit. ESA’s current monitoring shows pronounced payload concentrations
in heavily used altitude ranges and correspondingly important requirements for conjunction assessment
and space traffic coordination [14].

The resulting scarcity is functional rather than territorial.
An orbital shell is valuable because it supports particular mission requirements.
Its value declines where collision risk, avoidance requirements, debris density, or interference impose

excessive operational costs.
Orbital capacity therefore depends partly upon the behavior of previous and current users.
This dependence gives orbital regions an infrastructural quality.
Actors rely upon continued predictability of the environment.
They require orbital information.
They require other maneuverable spacecraft to respond to conjunction risks.
They depend upon mitigation of fragments that cannot maneuver.
They depend upon standards for post-mission disposal.
The useful orbital environment is consequently generated collectively.
Its deterioration is also collectively generated.
The political question concerns how access can remain open while individual uses are constrained

sufficiently to preserve the relational conditions that make continued use possible.

13.4 Debris Accumulation and Self-Reinforcing Degradation

Orbital debris provides the clearest example of cumulative environmental degradation.
Kessler and Cour-Palais demonstrated in 1978 that increasing populations of artificial satellites and

fragments can increase collision frequency, with collisions generating additional fragments that further
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increase later collision probabilities [26]. The resulting feedback creates the possibility of persistent
environmental degradation even where the initiating activities occurred much earlier.

Contemporary observations make this historical concern operationally important. ESA’s 2026 as-
sessment reports continuing fragmentation events, growing traffic, and significant conjunction risks in
heavily used low-Earth-orbit regions [14].

The political structure is especially difficult because debris outlives the decision that produced it.
A mission can end while its failed spacecraft remains in orbit.
An upper stage can remain after the launch service has been completed.
A fragmentation event can generate objects whose later collision risks are distributed among many

unrelated operators.
Past use therefore becomes a condition imposed upon future use.
This temporal externality resembles the intergenerational structure identified in Section 11.8.
Present actors inherit an orbital environment generated by earlier actors.
They can improve or worsen the environment transmitted to later actors.
Debris governance consequently requires prospective responsibility at the moment of mission design.
End-of-life disposal, passivation, collision avoidance, tracking, information sharing, and active de-

bris remediation address different stages of the same generative process.
The governing objective concerns the trajectory of the orbital environment rather than the safety of

one mission considered in isolation.

13.5 Long-Term Sustainability as Intergenerational Coordination

The United Nations Guidelines for the Long-term Sustainability of Outer Space Activities provide an
important institutional response to this temporal problem. COPUOS adopted the guidelines in 2019, and
the United Nations General Assembly subsequently welcomed their adoption [63].

The guidelines address national regulatory frameworks, supervision of national space activities, reg-
istration, orbital information, conjunction assessment, space debris, space weather, international cooper-
ation, research, and capacity-building [63].

UNOOSA characterizes long-term sustainability in terms of maintaining the conduct of space activ-
ities into the future while preserving the outer-space environment for future generations and supporting
equitable access to the benefits of peaceful exploration and use [64].

The temporal structure is significant.
Sustainability governs present behavior through reference to future accessibility.
The subject of regulation therefore includes users who have not yet entered the space environment.
Emerging space nations can possess future interests in orbital access even where their current launch

capacity remains limited.
Future scientific programmes can depend upon orbital or observational conditions whose importance

has not yet been specified.
Present commercial use consequently interacts with the opportunity set available to later actors.
Long-term sustainability can therefore be interpreted as intergenerational coordination among tem-

porally separated users.
The challenge resembles the preservation of future knowability discussed in Section 11.5. In both

cases, current activity can diminish a future capability before the future actor capable of exercising that
capability exists.

13.6 The Dark and Quiet Sky as a Shared Epistemic Environment

Human use of orbital space also changes the environment through which astronomy observes the wider
universe.

A ground-based observatory does not interact only with the astronomical source being studied.
Signals must pass through an Earth-space environment increasingly occupied by human-made emit-

ters and reflective objects.
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Large satellite constellations therefore create a governance problem that crosses the boundary be-
tween use of orbit and observation through orbit.

The International Astronomical Union has established the Centre for the Protection of the Dark and
Quiet Sky from Satellite Constellation Interference and has identified protection of optical and radio as-
tronomy from constellation effects as an international concern [23]. In 2024, the IAU adopted a resolu-
tion placing protection of the dark and quiet sky within its mandate and calling for mitigation, regulation,
industry collaboration, and broader inclusion in decisions affecting the sky [21].

The phrase dark and quiet sky identifies two related environmental conditions.
Optical darkness concerns artificial brightness, reflected sunlight, trails, and other effects that inter-

fere with visual and infrared observation.
Radio quietness concerns anthropogenic radio-frequency emissions capable of obscuring weak as-

tronomical signals.
These conditions have unusual resource characteristics.
Astronomers do not consume darkness by observing it.
One actor can nevertheless degrade darkness or radio quietness for observers distributed across large

geographical areas.
The relevant environment therefore resembles a shared epistemic condition.
Its value lies partly in enabling observation of objects vastly beyond the environment being governed.
Protection of the local Earth-space interface preserves access to the wider cosmos.

13.7 Satellite Constellations and Distributed Interference

Satellite constellations illustrate how a technically beneficial activity can produce geographically dis-
tributed epistemic effects.

Large constellations can support communication, connectivity, Earth observation, navigation, and
other public and commercial services.

The satellites remain visible or electromagnetically active across regions far beyond the jurisdiction
in which the operator is headquartered or licensed.

Nandakumar and colleagues’ international observations of BlueWalker 3 provide a particularly visi-
ble example. After deployment of its large phased-array antenna, the satellite reached an apparent visual
magnitude comparable with some of the brightest stars, demonstrating how one communications space-
craft can become a prominent object in the night sky [33].

The scientific problem scales with constellation size.
One trail can affect one exposure.
Many satellites increase the frequency with which astronomical observations intersect human-made

objects.
Mitigation can involve changes in spacecraft brightness, orientation, ephemeris-sharing, observation

scheduling, software, frequency management, and other technical or institutional measures.
No single mitigation necessarily removes the entire externality.
The governance problem therefore concerns distributed burden sharing.
Satellite operators can modify spacecraft and operational practices.
Astronomical institutions can adapt observation and data-processing systems.
Regulators can incorporate interference considerations into authorization.
International scientific bodies can develop standards and coordinate evidence.
The distribution of mitigation costs becomes part of the political problem.
An arrangement that places every adaptation cost upon astronomers effectively treats degradation of

the observational environment as an uncompensated externality of orbital activity.
A sustainable arrangement requires the costs of coexistence to enter the design of the activity gener-

ating the interference as well as the practices of the affected observers.
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13.8 Astronomical Access as a Scientific and Cultural Good

The significance of the night sky extends beyond professional research.
The IAU’s current dark-and-quiet-sky work explicitly connects astronomical observation with cul-

tural heritage, public access to the night sky, and wider human relations with celestial environments
[23, 21].

Lawrence and colleagues similarly argue for treating near-Earth orbital space through an environ-
mental perspective that includes professional astronomy, public stargazing, cultural significance, and
the sustainability of other orbital activities [30].

This plurality of valuesmatters for governance because the same intervention can affect several goods
simultaneously.

A visible satellite can interfere with a scientific image.
A large constellation can alter the ordinary visual appearance of the sky.
Radio transmissions can affect scientific frequency environments.
Re-entry and debris management can create additional environmental considerations.
The affected population therefore extends beyond professional astronomers.
The night sky is experienced through scientific, cultural, educational, religious, aesthetic, and per-

sonal relations whose relative importance varies among communities.
This plurality cautions against evaluating orbital activity through a single economic metric.
Communication benefits can be substantial.
Astronomical losses can also be substantial.
Cultural effects can be difficult to monetize.
The political task concerns the justified coexistence of these heterogeneous values.
The framework developed earlier in Section 7 becomes relevant here. Celestial appearance itself

forms part of human political and cultural history.
Humanity is now capable of changing that appearance intentionally and cumulatively.
The aesthetic relation with the heavens therefore becomes an object of governance.

13.9 Cumulative Effects and the Limits of Project-Level Authorization

Cumulative environmental problems are difficult to govern through project-by-project authorization.
Suppose each satellite operator demonstrates that the expected interference created by one spacecraft

remains below a specified threshold.
If many operators satisfy the same threshold independently, their aggregate interference can still

become significant.
The same structure applies to collision risk.
One mission can add only a small increment to conjunction probability.
Thousands of missions can change the character of the orbital environment.
Lunar activity creates a comparable problem.
One landing can produce locally limited dust.
Repeated landings, infrastructure, extraction, communication systems, and surface mobility can cre-

ate environmental conditions very different from those assessed for any one mission.
The analytical unit should therefore include the cumulative trajectory of the shared environment.
This requires information that individual project assessments may not contain.
Governance needs estimates of total traffic.
It needs information concerning interactions among missions.
It needs environmental baselines.
It needs shared assumptions concerning future activity.
It needs mechanisms for revising authorization conditions as the environment changes.
This structure resembles the difference between micro-level compliance and system-level viability.
Every actor can comply with a rule designed for a sparse environment while the aggregate system

moves beyond the conditions under which the rule was adequate.
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Standards must therefore remain sensitive to environmental density.
Sustainability is a dynamic property of the whole activity field.

13.10 Lunar Environments and Site-Specific Scarcity

The Moon introduces a different form of shared-environment scarcity.
The lunar surface is geographically vast, while some scientifically or operationally valuable condi-

tions are concentrated in limited locations.
Permanently shadowed regions can contain unusual thermal and volatile conditions.
The lunar far side possesses exceptional radio-frequency shielding from terrestrial emissions.
Some locations can be especially valuable for particular astronomical observations.
Some regions can also be attractive for landing, communication, infrastructure, or resource activity.
Scarcity therefore emerges through overlap among uses.
Krolikowski and Elvis identify a limited set of lunar sites of extraordinary scientific importance

whose conditions can support astronomical observations difficult or impossible elsewhere and whose
scientific value can be degraded by other lunar activities [28].

A 2024 paper submitted to the Scientific and Technical Subcommittee of COPUOS similarly argues
that important lunar astronomical opportunities require internationally accepted coordination and protec-
tion because activities such as landing, launching, communication, and resource use can interfere with
scientific sites [20].

The lunar problem therefore differs from the orbital-debris problem.
The principal scarcity can concern particular environmental conditions rather than total surface area.
A scientifically valuable location can lose much of its value when nearby activity alters radio quiet-

ness, dust conditions, thermal conditions, vibration, illumination, or access.
The governance object is consequently relational.
A site is valuable partly because of its relation to the wider lunar environment.
Protection must therefore address interfering activity beyond the immediate physical footprint of the

scientific instrument.

13.11 Scientific Opportunity as a Preservable Resource

Lunar astronomy reveals a distinctive resource: scientific opportunity.
Scientific opportunity differs from a material deposit.
Its value can depend upon environmental conditions that remain intact.
A radio-quiet region has value because interfering signals are absent or sufficiently attenuated.
A cold and permanently shadowed location can have scientific value because of its thermal state.
A geological site can have value because its structure preserves a record of earlier lunar history.
Human activity can diminish these values without physically consuming the entire site.
A transmitter can degrade radio quietness.
A plume can redistribute dust.
Infrastructure can alter thermal or electromagnetic conditions.
Excavation can remove stratigraphic information.
Scientific opportunity is therefore fragile where its enabling conditions are difficult to recreate.
This fragility creates a reason for anticipatory site identification.
The relevant sites should ideally be recognized before incompatible infrastructure occupies them.
Krolikowski and Elvis emphasize precisely this closing temporal window: scientific sites can lose

their exceptional value before governance systems have formally recognized the need for protection [28].
The temporal structure resembles planetary protection.
Governance must sometimes preserve an object before all of its future uses are known.
The difference lies in the type of object protected.
Planetary protection often preserves biological and scientific integrity.
Lunar site governance can preserve physical conditions necessary for future astronomical capability.
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Both concern preservation of generativity.

13.12 Resource Activity and Operational Deconfliction

Increasing lunar activity also produces conflicts among legitimate uses.
Scientific missions can require undisturbed locations.
Surface infrastructure can require reliable access and communication.
Resource activity can require excavation and transport.
Human missions can require safety margins.
Different actors can seek overlapping areas for technically independent purposes.
The Artemis Accords provide one developing framework among participating states. They address

peaceful purposes, registration, scientific data, heritage, resource utilization, harmful interference, oper-
ational deconfliction, safety zones, and orbital debris [34].

The safety-zone concept is particularly relevant to relational governance. Participating actors intend
to provide information concerning the location and general nature of activities and to coordinate in order
to avoid harmful interference [34].

Such arrangements illustrate governance through interfaces.
An actor does not acquire ordinary territorial sovereignty merely because it operates equipment at a

site.
Other actors nevertheless need sufficient information to avoid interfering with the operation.
Coordination therefore requires temporary and function-specific spatial relations.
This structure resembles the standardization mechanisms examined earlier in the paper.
Common rules govern interaction at the boundary between activities.
Internal mission design can remain heterogeneous.
The difficulty becomes greater where the activity requiring deconfliction also alters a scarce environ-

mental condition.
A safety zone can protect an existing operation.
Protection of a scientifically unique site requires a broader judgment concerning which future oper-

ations should retain access to the site at all.
Operational deconfliction and environmental allocation are therefore distinct governance functions.

13.13 Non-Appropriation and Functional Exclusivity

The relation between non-appropriation and operational protection creates a delicate institutional prob-
lem.

The Outer Space Treaty prohibits national appropriation of celestial bodies [60].
Practical operations nevertheless require some degree of spatial predictability.
A lander cannot function safely if another spacecraft lands immediately beside it.
A radio observatory can require a broad interference-control region.
A scientific excavation can require protection from nearby disturbance.
Resource activity can require continuing access to equipment and material flows.
Functional exclusivity can therefore emerge without formal territorial sovereignty.
Governance must distinguish temporary or purpose-specific protection of an activity from claims

that effectively convert use into indefinite exclusion of others.
The distinction will become increasingly important as activities persist for longer periods.
A safety relation designed for one mission can become quasi-permanent if infrastructure remains

operational for decades.
Repeated renewal can generate practical exclusion even where no formal property claim exists.
The historical lesson from terrestrial institutions is that functional arrangements can sediment into

durable distributions of access.
Lunar governance should therefore preserve transparency concerning the purpose, scope, duration,

and review of exclusionary measures.
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Temporal limits become as important as spatial limits.

13.14 Celestial Heritage and Historical Continuity

Repeated activity also creates historical objects in space.
Landing sites, spacecraft, instruments, tracks, experiments, and artifacts can acquire cultural and

scientific significance through their relation to the history of exploration.
The Artemis Accords recognize preservation of historically significant sites and artifacts as one prin-

ciple of participating civil exploration [34].
Celestial heritage creates an additional layer of environmental value.
A site can be scientifically valuable because of its natural conditions.
It can later become historically valuable because of human activity.
The two forms can interact.
Preserving an early landing site can require limiting later disturbance.
Preserving a scientifically pristine site can require preventing the historical layer of human interven-

tion from arising there in the first place.
Governance therefore confronts several temporal orientations simultaneously.
Natural history can warrant preservation.
Scientific opportunity can warrant preservation.
Human exploration history can warrant preservation.
Future use can warrant access.
The resulting landscape contains several forms of value whose spatial claims can overlap.
This plurality reinforces the need for classification transparency.
A location protected as heritage should be distinguished from one protected for radio quietness, plan-

etary protection, safety, environmental baseline, or resource management.
Different purposes require different rules.

13.15 Environmental Baselines under Increasing Human Presence

Cumulative intervention increases the importance of environmental baselines.
A sparse exploration environment allows later investigators to attribute many observed features con-

fidently to natural processes.
Repeated human activity makes attribution more difficult.
Dust redistribution can result from landing plumes.
Chemical traces can result from spacecraft exhaust.
Radio-frequency conditions can reflect communication infrastructure.
Surface changes can result from mobility or extraction.
Orbital environments can contain increasingly complex populations of active and inactive human-

made objects.
Baseline knowledge therefore becomes an epistemic resource.
A baseline does not freeze the environment.
It records enough of a prior configuration to make later transformation interpretable.
This role parallels the archival function discussed in Section 11.11.
The more intensive human presence becomes, the more valuable early documentation becomes.
Governance can support this function through standardized pre-activity surveys, environmental meta-

data, mission records, contamination inventories, orbital catalogues, and open scientific data where le-
gitimate restrictions permit.

The objective concerns historical traceability of environmental change.
A future investigator should be able, as far as reasonably possible, to distinguish inherited celestial

conditions from relations generated by human activity.
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13.16 Cumulative Externalities and Distributed Responsibility

Shared celestial environments create a difficulty of distributed causation.
One actor can produce a small effect.
Thousands of actors can produce a major environmental transformation.
The final condition cannot always be attributed meaningfully to one mission.
This structure appears in satellite brightness.
It appears in radio-frequency interference.
It appears in collision probability.
It appears in orbital debris.
It can arise in future lunar dust, traffic, communication, and resource use.
Responsibility therefore requires more than retrospective identification of one wrongdoer.
Institutions must govern contributions before cumulative thresholds are crossed.
This can involve design standards.
It can involve environmental performance limits.
It can involve information-sharing obligations.
It can involve differentiated requirements for high-impact activities.
It can involve aggregate capacity assessments.
It can involve adaptive tightening of standards as environmental density increases.
The regulatory unit can therefore change over time.
Rules suitable for ten actors can become inadequate for ten thousand actors.
A generative governance system should be capable of recognizing that change.

13.17 Environmental Capacity and Allocation

Cumulative use ultimately raises a problem of environmental capacity.
An orbital region can support only a finite level of activity before collision avoidance and debris risk

become operationally unacceptable.
A radio-frequency environment can support only a finite level of interference before weak astronom-

ical signals become inaccessible.
A dark sky can tolerate only a finite brightness contribution before particular observations become

significantly degraded.
A lunar scientific site can tolerate only a finite level of nearby disturbance.
Once capacity becomes scarce, governance must confront allocation.
First arrival supplies one possible allocation rule.
Market exchange supplies another.
National authorization supplies another.
International coordination supplies another.
Scientific priority supplies another.
Public-interest balancing supplies another.
Each rule distributes opportunities differently.
The physical environment cannot decide among them.
Astronomical and engineering analysis can estimate interference, collision risk, environmental sen-

sitivity, or technical alternatives.
Allocation remains a political problem because it determines whose uses receive priority when all

desired uses cannot coexist simultaneously.
This distinction is especially important for the paper’s broader method.
Physical scarcity constrains politics.
It does not determine distributive justice.
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13.18 Equitable Access and Unequal Capability

Outer-space governance also confronts substantial inequality in technological capability.
Some states and firms can launch large constellations.
Some can operate deep-space missions.
Some can conduct lunar surface activities.
Many states currently participate primarily through scientific cooperation, data use, regulatory insti-

tutions, or future aspirations.
Present technical capability can therefore generate durable environmental effects before less capable

actors enter the relevant domain.
This temporal asymmetry creates a problem for equitable access.
UNOOSA’s long-term-sustainability framework explicitly connects sustainable space activity with

equitable access to the benefits of peaceful exploration and use and with preservation of the environment
for future generations [64].

The principle has practical consequences where early users can consume or degrade environmental
capacity.

An orbital shell congested by current actors provides fewer options to later entrants.
A lunar scientific site altered before an emerging space nation can participate cannot later be restored

merely by granting formal equality of access.
Equity therefore concerns preservation of meaningful opportunity as well as formal permission.
This temporal dimension is especially important in rapidly developing technological domains.
Rules written around current users can inadvertently entrench current capability distributions.
Sustainable governance should preserve space for future participation whose institutional form can-

not yet be predicted completely.

13.19 Polycentric Governance of Celestial Environments

The diversity of celestial environmental problemsmakes one centralized governancemechanism unlikely
to perform every necessary function effectively.

Orbital debris requires technical standards, tracking, conjunction assessment, licensing, disposal, and
remediation.

Astronomical interference requires operators, astronomers, spectrum bodies, national regulators, and
international scientific organizations.

Lunar sites require scientific assessment, mission coordination, legal interpretation, operational de-
confliction, and possibly site-specific protection.

Resource activities involve still other institutions.
A polycentric structure can connect these functions without requiring one institution to govern the

entire domain.
Ostrom’s work is relevant at this general institutional level: complex shared resource problems can

sometimes be governed through multiple centers of rule making and collective action rather than one
universal institutional form [38].

The analogy requires adaptation to space.
Celestial governance includes states acting under international law, intergovernmental bodies, sci-

entific unions, space agencies, commercial operators, national regulators, standards organizations, and
affected communities.

Their authority differs.
Their jurisdiction differs.
Their expertise differs.
The governance task is therefore partly architectural.
Interfaces among institutionsmust specify which information is shared, which standards are common,

which decisions remain national, which effects require international consultation, and which environmen-
tal thresholds trigger stronger collective action.
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The astronomy–politics history developed throughout this paper offers many precedents for such
coordination.

Common time emerged through interfaces among observatories, transport systems, communication
networks, law, and international standards.

Navigation emerged through relations among astronomers, instrument makers, states, and mariners.
Contemporary celestial governance extends the same institutional logic to environmental limits.

13.20 Common Standards and Local Autonomy

Polycentric governance depends upon determining which relations require common standards.
A satellite operator can retain freedom over many aspects of spacecraft design while satisfying com-

mon requirements concerning tracking, brightness, collision avoidance, or disposal.
A lunar mission can retain its scientific objectives while sharing positional information and coordi-

nating activities capable of causing harmful interference.
A state can maintain its own licensing system while implementing internationally recognized sus-

tainability standards.
The design principle resembles the interface structure developed in Sections 5 and 8.
Common governance need not imply complete institutional uniformity.
It requires sufficient compatibility at relations where one actor’s behavior changes the operating

environment of another.
The challenge lies in identifying those relations before externalities become severe.
Under-regulation allows cumulative degradation.
Overly comprehensive harmonization can suppress legitimate institutional diversity and impose high

participation costs.
Interface governance seeks a narrower target.
It standardizes the interactions necessary to preserve shared environmental capacity.
This architecture is particularly suitable for domains in which actors possess different capabilities

and legal systems while depending upon common physical environments.

13.21 Monitoring as a Condition of Adaptive Governance

Cumulative governance requires continuous observation of the environment being governed.
Orbital sustainability depends upon tracking object populations, fragmentation events, conjunctions,

disposal performance, and traffic trends.
Protection of dark and quiet skies depends upon measurement of satellite brightness, radio interfer-

ence, constellation populations, and the performance of mitigation measures.
Lunar environmental governance will require baselines and monitoring capable of detecting effects

of increasingly frequent surface and orbital activities.
Monitoring performs two political functions.
It provides evidence concerning whether current rules remain adequate.
It provides common information through which actors can coordinate expectations.
ESA’s recurring Space Environment Report illustrates the first function by evaluating the evolving

orbital environment and the implementation of mitigation measures [14].
The IAU’s dark-and-quiet-sky initiatives illustrate the second by coordinating technical evidence

concerning interference and mitigation [23, 21].
Adaptive governance becomes possible when environmental observation feeds back into standards.
A brightness limit can be revised where empirical effects exceed expectations.
A disposal requirement can become stricter as orbital density increases.
A lunar protection zone can change as scientific understanding improves.
Monitoring therefore connects epistemic infrastructure with political revisability.
The governance system learns from the environment generated through its own rules.
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13.22 Preservation of Future Celestial Options

The several problems examined in this section converge upon the preservation of future options.
Future operators require usable orbital environments.
Future astronomers require access to sufficiently dark and radio-quiet conditions.
Future lunar science can require sites whose exceptional properties remain intact.
Future states can require meaningful opportunities to participate in space activities.
Future communities can value cultural or scientific relations with the sky in ways that current insti-

tutions only partially anticipate.
The relevant object of preservation is therefore broader than any one material resource.
It is a structured field of future possibilities.
This field can shrink cumulatively.
One additional satellite contributes a small effect.
One additional fragment contributes a small collision hazard.
One additional lunar activity occupies one site.
Repeated actions can eventually remove options at the system level.
The resulting normative principle resembles the future-knowability argument of Section 11.5.
Present use should remain compatible, where reasonably possible, with the continued capacity of

later actors to encounter, study, and use celestial environments through options that present actors have
not already exhausted.

The principle does not require preservation of every option.
Political action always forecloses some alternatives.
It requires attention to the asymmetry between reversible use and irreversible loss of environmental

capacity.

13.23 Cumulative Governance and Generative Justice

The problem can also be expressed through generativity.
A shared celestial environment is valuable partly because it supports continuing generation of activ-

ities, knowledge, relations, and capabilities.
An orbital region supports future communication, science, navigation, and exploration.
A dark sky supports future observation and cultural experience.
A radio-quiet region supports future scientific signals that may currently be undetectable.
A lunar site supports future instruments and questions that have not yet been designed.
Governance should therefore evaluate whether present activity reproduces the conditions through

which future activity remains generable.
This criterion differs from preservation of an unchanged environment.
Sustainable orbital use necessarily changes the orbital environment.
Lunar exploration necessarily creates new human relations with the Moon.
Communication infrastructure necessarily changes the visible and electromagnetic Earth-space envi-

ronment to some degree.
The normative concern is the quality of the generated trajectory.
An activity is more compatible with generative justice where it produces benefits while preserving

meaningful capabilities for others to participate, observe, learn, and develop later uses.
The distribution of those capabilities matters.
A future in which orbital environments remain technically usable only by actors capable of managing

extreme collision risk would preserve some use while substantially narrowing access.
A lunar environment whose scientifically exceptional sites have all been occupied by early entrants

would preserve exploration while narrowing later scientific possibility.
Generativity therefore requires distributional as well as environmental analysis.
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13.24 The Heavens as a Governed Relation

The cumulative transformation of orbital and lunar environments completes a major historical movement
developed throughout this paper.

The heavens first appeared as sources of orientation, order, legitimacy, beauty, and temporal regu-
larity.

Political institutions then organized the observations, calendars, navigation systems, observatories,
standards, archives, and international organizations through which celestial knowledge became increas-
ingly precise.

Modern science changed the conceptual resources through which center, simultaneity, scale, and
observation could be understood.

Planetary exploration transformed observation into intervention.
Planetary defense transformed prediction into deliberate trajectory change.
Cumulative space activity now transforms the background conditions throughwhich astronomy, com-

munication, navigation, science, culture, and future exploration themselves remain possible.
The heavens have therefore entered politics through a new relation.
Political institutions increasingly govern the human-generated conditions of celestial accessibility.
This governance concerns orbits.
It concerns interference.
It concerns environmental baselines.
It concerns scientific sites.
It concerns heritage.
It concerns future access.
It concerns the distribution of capacity among actors separated by geography, wealth, technology,

and generation.
The phrase governance of the heavens should therefore be interpreted carefully.
Humanity does not govern astronomical reality in general.
Political institutions govern human relations with celestial environments and the transformations

generated through those relations.
This distinction preserves the asymmetry between cosmic scale and human authority.
It also identifies a genuine expansion of political responsibility.
Humanity has acquired enough technological capacity for its institutional choices to affect whether

some regions of the sky remain observable, whether some orbits remain safely usable, whether some
lunar sites retain their scientific properties, and whether future actors inherit environments capable of
supporting activities currently available to the present.

Cumulative governance is therefore a problem of maintaining the generative conditions of shared
celestial relations.

The following section develops the institutional implications of this transformation at a more gen-
eral level. It considers the architecture required for governance across heterogeneous states, scientific
communities, commercial actors, environments, and generations when no single institution possesses
complete knowledge, universal jurisdiction, or exclusive legitimate authority over the celestial domain.

14 Institutional Architecture for Celestial Governance

This section develops the institutional implications of the governance problems identified in the pre-
ceding sections. Its role is to move from particular domains—planetary protection, planetary defense,
orbital sustainability, astronomical interference, and lunar activity—toward a more general architecture
for governing human relations with celestial environments. The discussion proceeds through functional
differentiation, distributed authority, scale matching, common interfaces, scientific and political author-
ity, monitoring, standard setting, private actors, participation, intergenerational representation, emer-
gency coordination, institutional redundancy, conflict resolution, and adaptive revision. The argument
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does not propose one comprehensive planetary authority. Contemporary celestial governance already
operates through overlapping international law, national regulation, intergovernmental coordination, sci-
entific institutions, professional standards, technical infrastructures, and operational agreements. The
central institutional problem is therefore the design of relations among these centers of authority so that
their differentiated capacities can remain interoperable, accountable, and responsive to changing celestial
environments.

14.1 Functional Differentiation of Celestial Governance

The problems grouped under celestial governance possess different physical, epistemic, legal, and polit-
ical structures.

Planetary protection concerns biological contamination, scientific integrity, and possible transfer of
extraterrestrial material.

Planetary defense concerns detection, uncertainty, trajectory modification, collective security, and
geographically distributed risk.

Orbital sustainability concerns congestion, debris, conjunctions, disposal, and continued accessibil-
ity.

Radio-frequency governance concerns interference and the allocation of limited spectrum and asso-
ciated orbital resources.

Astronomical protection concerns dark and quiet skies and access to observational conditions.
Lunar governance concerns operational deconfliction, scientific sites, environmental transformation,

heritage, access, and possible resource activity.
One institution designed around one of these problems will rarely possess the competence required

to govern all of the others.
This diversity creates a reason for functional differentiation.
Scientific bodies can define contamination standards.
Astronomical networks can detect near-Earth objects.
Space agencies can develop mitigation missions.
National regulators can authorize private operators.
The International Telecommunication Union can coordinate radio-frequency and associated satellite-

orbit resources.
COPUOS can provide a diplomatic forum for international cooperation and the development of space

law and sustainability principles.
Professional scientific organizations can identify observational impacts poorly represented within

ordinary licensing procedures.
The resulting governance system is therefore naturally plural.
Its effectiveness depends upon whether the differentiated institutions remain connected at the points

where their decisions affect one another.

14.2 The Absence of a Single Institutional Center

The legal and institutional structure of outer-space activity contains no single political center possessing
comprehensive authority over every celestial activity.

States remain central subjects of international space law.
International organizations coordinate specific functions.
National agencies possess launch, exploration, scientific, and regulatory capacities.
Private firms increasingly operate satellites, launch systems, communication infrastructure, and other

space services.
Scientific organizations exercise epistemic influence through standards and expert assessment.
International professional communities maintain conventions required for interoperable research.
The United Nations “Space2030” Agenda recognizes this plural architecture. It reaffirms the role

of COPUOS and UNOOSA as central platforms for international cooperation and global governance
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of outer-space activities consistent with international law, while also emphasizing partnerships among
states, intergovernmental and non-governmental organizations, academia, industry, and private-sector
actors [62].

This institutional plurality creates difficulties of coordination while also providing resilience.
No single organizational failure necessarily disables the entire governance system.
Specialized institutions can retain expertise that would be difficult to concentrate within one political

bureaucracy.
Different centers can identify problems invisible to one another.
The institutional task is therefore less the construction of one universal center than the creation of

reliable interfaces among differentiated centers.

14.3 Polycentric Coordination and Institutional Interdependence

Ostrom’s analysis of polycentric governance provides a useful general institutional vocabulary for this
structure [38]. Multiple centers of decision can coexist within one larger governance environment where
their jurisdictions, capabilities, and relations remain partly independent.

Celestial governance possesses several features compatible with such an approach.
Problems operate at several scales.
Knowledge is distributed.
Technical competence is unevenly located.
National legal authority remains important.
International externalities require coordination beyond national jurisdictions.
Private actors possess operational capabilities unavailable to some public institutions.
Scientific communities possess forms of expertise that cannot be replaced by ordinary diplomatic

representation.
Polycentricity does not imply institutional fragmentation.
A fragmented system contains actors whose decisions remain weakly coordinated.
A polycentric system contains several centers whose relations are organized through rules, standards,

information exchange, consultation, and mechanisms for resolving overlap.
The distinction is important.
Celestial governance already possesses multiple centers.
The normative and institutional question concerns the quality of their relations.

14.4 Scale Matching in Institutional Responsibility

Governance authority should correspond, as far as practicable, to the scale of the relations affected by a
decision.

A spacecraft design choice with consequences limited to the internal operation of one mission can
remain largely within the authority of the operator and its national regulator.

A conjunction involving two operators requires bilateral or networked coordination.
A debris-generating event can affect an orbital region used internationally.
A large constellation can alter astronomical conditions over much of the Earth.
A planetary-defense mission can redistribute risk across national boundaries.
A contamination event can affect a celestial environment of long-term international scientific interest.
The appropriate institutional scale therefore changes with the externality.
This principle avoids two opposite errors.
Purely local governance becomes inadequate where effects propagate far beyond the authorizing

institution.
Universal governance becomes unnecessarily burdensome where consequences remain contained

within one actor’s legitimate sphere of action.
The relevant institutional question concerns the geographical, temporal, epistemic, and causal reach

of the activity.
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Scale matching can therefore be understood as a form of celestial subsidiarity.
Decisions should remain with narrower institutions where narrower institutions can manage the rel-

evant relations adequately.
Broader coordination becomes necessary where the generated relations exceed their capacity or ju-

risdiction.

14.5 Common Interfaces across Heterogeneous Institutions

The historical analysis of astronomy developed throughout this paper repeatedly encountered governance
through interfaces.

Common time connected heterogeneous transport and administrative systems.
Meridians connected geographical positions.
Astronomical catalogues connected observers.
Scientific standards connected observatories.
International organizations connected national astronomical communities.
Contemporary celestial governance extends the same institutional logic.
An orbital operator does not need to reproduce another operator’s internal mission architecture.
Operators need sufficiently compatible information and procedures for conjunction assessment.
National licensing systems need not become identical.
They require enough shared standards to prevent regulatory diversity from producing unsustainable

environmental outcomes.
Planetary-protection programmes can differ administratively while implementing common scientific

principles.
Lunar missions can pursue different objectives while sharing information necessary to avoid harmful

interference.
Interface governance therefore preserves internal heterogeneity while standardizing relations whose

incompatibility would generate external costs.
This structure can reduce the political burden of international coordination.
Agreement is required on fewer dimensions than would be necessary for complete institutional har-

monization.
The difficulty lies in determining which interfaces are sufficiently consequential to require common

rules.

14.6 Spectrum Governance as an Existing Interface Regime

International radio-frequency governance provides an important existing example of interface regulation
across heterogeneous states and operators.

The ITURadioRegulations constitute a global regulatory framework for the use of the radio-frequency
spectrum and satellite-orbit resources. The 2024 edition incorporates revisions adopted through succes-
sive World Radiocommunication Conferences, including WRC-23 [24].

The Radiocommunication Sector treats spectrum and associated satellite-orbit resources as limited
resources requiring rational, efficient, economical, and equitable use [24].

The institutional architecture is instructive.
States retain national administrations.
Operators interact through those administrations.
International procedures coordinate frequency assignments.
Common technical rules define conditions for coexistence.
World Radiocommunication Conferences periodically revise the regulatory framework.
The system therefore combines national implementation, international treaty rules, technical exper-

tise, registration, negotiation, and recurrent revision.
It demonstrates that technologically complex shared celestial infrastructures can be governed through

a common interface without requiring one organization to operate every satellite network.
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The same structure cannot simply be copied into every celestial problem.
Planetary contamination, asteroid deflection, and lunar environmental protection differ substantially

from radio-frequency coordination.
The example nevertheless demonstrates the institutional feasibility of internationally governed inter-

operability.

14.7 Scientific Authority and Political Authority

Celestial governance requires a distinction between scientific authority and political authority.
Scientific institutions possess expertise concerning physical conditions, contamination, orbital dy-

namics, astronomical interference, or environmental sensitivity.
Political institutions possess authority to allocate resources, authorize activities, impose legal require-

ments, and determine acceptable distributions of risk and benefit.
The two forms of authority are mutually dependent.
Political decisions made without adequate scientific knowledge can become physically ineffective

or environmentally destructive.
Scientific recommendations converted directly into binding policy can exceed the normativemandate

of technical expertise.
Planetary defense makes the distinction especially clear.
Astronomers can estimate an impact probability.
Mission specialists can estimate deflection outcomes.
Scientists cannot determine from orbital mechanics alone which distribution of residual risk is polit-

ically legitimate.
Planetary protection provides another example.
Scientific bodies can estimate contamination risk and define technical standards.
Political institutions determine how those standards enter national authorization and international

responsibility.
Effective celestial governance therefore requires an interface between epistemic and political author-

ity.
The interface should permit scientific judgment to constrain factual claimswithout allowing technical

expertise to obscure genuinely political choices.

14.8 Monitoring and the Common Evidentiary Layer

A distributed governance system requires a sufficiently shared evidentiary layer.
Actors can disagree normatively while still requiring common information concerning the environ-

ment in which they act.
Orbital governance requires tracking data, object catalogues, conjunction information, and environ-

mental trends.
Planetary defense requires distributed observations, orbit determination, and shared threat assess-

ments.
Planetary protection requires information concerning target environments, spacecraft cleanliness, bi-

ological burden, and mission architecture.
Dark-and-quiet-sky governance requires measurements of brightness and radio interference.
Lunar governance increasingly requires positional information, activity descriptions, environmental

baselines, and site-specific scientific data.
The political value of shared evidence lies in reducing disagreement about the state of the common

environment before disagreement concerning permissible action begins.
The United Nations long-term-sustainability guidelines emphasize information exchange, registra-

tion, space-object data, conjunction assessment, research, and capacity-building as components of sus-
tainable activity [63].

A common evidentiary layer should nevertheless preserve provenance.
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Data should retain information concerning source, uncertainty, temporal coverage, method, and rel-
evant limitations.

Epistemic interoperability should therefore avoid the appearance that merged data constitute a posi-
tionless view of the entire system.

The lessons of Section 10 remain applicable.
Integrated observation should preserve traceability to situated observations.

14.9 Transparency and Decision Traceability

Celestial governance increasingly involves decisionswhose consequences can extend across jurisdictions
and generations.

Such decisions require traceability.
An authorization process should preserve the evidence on which the decision was based.
Important assumptions should remain identifiable.
Alternatives considered should be recorded.
Relevant uncertainty should be documented.
Changes in standards should preserve their rationale.
Post-intervention evidence should be linked to the earlier decision.
Traceability serves several functions.
It permits later scientific reassessment.
It supports legal accountability.
It allows institutions to distinguish reasonable decisions under earlier knowledge from negligence or

avoidable error.
It preserves institutional learning when personnel change.
It supports future historical reconstruction of transformations in celestial environments.
This function connects celestial governancewith the paper’s earlier discussion of astronomical archives.
Institutions capable of acting at large spatial scales also require memory at long temporal scales.
Governance without preserved decision history loses part of its capacity for self-correction.

14.10 Revisable Standards and Stable Expectations

Celestial governance requires standards capable of changing without becoming unreliable.
Planetary-protection requirements must respond to changing biological and planetary knowledge.
Orbital-sustainability rules must respond to increasing traffic and improved technical capability.
Brightness and interference standards must respond to empirical evidence from new satellite popula-

tions.
Lunar environmental rules must develop as site-specific knowledge improves.
Radio-frequency governance already provides an institutional example of periodic revision through

World Radiocommunication Conferences [24].
The governance problem therefore concerns the temporal architecture of standards.
Rules must remain sufficiently stable for mission planning, investment, and international coopera-

tion.
They must remain sufficiently revisable for accumulated evidence to correct earlier assumptions.
Revision procedures should consequently be part of the original institutional design.
A standard with no mechanism of revision eventually becomes historically detached from its scien-

tific basis.
A standard subject to continuous discretionary alteration becomes difficult to rely upon.
Celestial governance requires continuity with structured reopening.
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14.11 National Authorization and Private Capability

The growth of private space activity changes the relation between international rules and operational
capability.

Article VI of the Outer Space Treaty establishes international responsibility for national space activi-
ties conducted by governmental and non-governmental entities and requires authorization and continuing
supervision of relevant non-governmental activities [60].

This structure gives national regulatory systems a central role in translating international principles
into operational requirements.

The challenge is increasing because private actors can possess capabilities whose environmental
effects extend internationally.

A commercial constellation can alter orbital density and night-sky conditions.
A private lunar mission can affect a scientifically significant site.
A commercial launch provider can become part of a planetary-defense mission.
A private communication network can depend upon internationally coordinated spectrum.
International governance therefore frequently acts through national authorization rather than direct

regulation of the operator.
This architecture makes regulatory interoperability increasingly important.
If national systems apply substantially different environmental expectations, operators can generate

externalities that no single state bears alone.
Commonminimum interfaces can reduce this problemwhile leaving states freedom to adopt stronger

domestic rules.

14.12 Participation and Affected Interests

Traditional interstate representation captures only part of the range of actors affected by celestial gover-
nance.

Astronomical observatories can be affected by satellite constellations.
Indigenous and local communities can possess cultural relations with the night sky or with terrestrial

sites used for astronomical infrastructure.
Emerging space nations can possess interests in future access despite limited current operational

capability.
Private operators can possess relevant technical information.
Scientific communities can identify environmental significance invisible to ordinary political insti-

tutions.
Populations inside a planetary-defense risk corridor can possess interests more immediate than those

of states located elsewhere.
Institutional participation should therefore follow affected relations as well as formal organizational

status.
This principle does not require identical decision rights for every participant.
Different actors possess different forms of authority and expertise.
The requirement is more modest: governance should contain procedures through which materially

affected interests can become visible before decisions are closed.
Participation performs an epistemic function as well as a democratic one.
Affected actors can possess information unavailable to the central decision-making institution.
Inclusion can therefore improve both legitimacy and environmental knowledge.

14.13 Representation of Future Actors

Celestial governance has an unusually strong intergenerational dimension.
Orbital debris can persist after current operators disappear.
Scientific sites can be altered before future instruments are invented.
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Biological contamination can change future astrobiological evidence.
Early lunar activity can shape access for states that have not yet developed lunar capabilities.
Current spectrum and orbital arrangements can affect later technological possibilities.
Future actors cannot participate directly in present decision procedures.
Their interests must therefore be represented through institutional proxies.
Long-term-sustainability principles provide one such proxy by requiring attention to continued ac-

cess and preservation of the outer-space environment for future generations [63, 64].
Scientific preservation provides another.
Environmental baselines provide another.
Reviewable time limits on exclusionary arrangements provide another.
Maintenance of unused or minimally disturbed scientific reference sites can provide another.
The institutional aim is not to freeze present conditions for an unknown future.
It is to prevent present actors from exhausting future option space merely because future users lack

present political power.

14.14 Equity and Capability-Building

Formal equality of access can coexist with severe inequality of capability.
A state may possess a legal right to peaceful use of outer space while lacking launch capacity, sci-

entific infrastructure, spectrum expertise, tracking systems, or financial resources necessary to exercise
that right effectively.

The “Space2030” Agenda explicitly emphasizes improved access to space applications and benefits,
capacity-building, international partnership, and attention to developing countries [62].

Capability-building therefore forms part of celestial governance.
Training can improve participation in spectrum coordination.
Shared scientific data can expand access to astronomical and Earth-observation knowledge.
International observation networks can permit states without independent planetary-defense infras-

tructure to contribute to and benefit from common threat assessment.
Technical assistance can improve implementation of sustainability guidelines.
Capacity-building has a distributive function.
It changes who can participate in the generation of rules and knowledge.
Without such measures, nominally open institutions can become dominated by actors whose earlier

technological advantage gives them disproportionate ability to define standards.
Equitable celestial governance therefore concerns both allocation of resources and distribution of

institutional capability.

14.15 Routine Governance and Emergency Governance

Celestial governance operates through different temporal modes.
Orbital sustainability, spectrum coordination, planetary protection, and lunar deconfliction ordinarily

permit relatively extended planning and consultation.
Planetary defense can enter an emergency mode where remaining warning time constrains delibera-

tion.
The institutional architectures appropriate to these modes differ.
Routine governance can support extensive consultation, scientific review, iterative rule making, and

negotiated standards.
Emergency governance requires predefined authority, rapid information exchange, clear escalation

procedures, and operational readiness.
The distinction creates a strong argument for institutional preparation during routine periods.
Emergency powers should be designed before the emergency.
Scientific thresholds should be specified in advance where feasible.
Channels among observational, diplomatic, and operational institutions should already exist.
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Affected states should know how consultation will occur.
Procedures for documenting emergency decisions should already be established.
IAWN and SMPAG represent important steps in this direction for near-Earth-object threats [65].
Preparedness converts institutional time into protective capacity.

14.16 Institutional Redundancy and Epistemic Resilience

A distributed celestial-governance system also benefits from selected forms of redundancy.
Several observatories can independently confirm an asteroid trajectory.
Several tracking systems can reduce dependence upon one orbital catalogue.
Several scientific groups can evaluate contamination or interference models.
Independent national regulators can identify implementation failures.
International institutions can preserve records that one national system later loses.
Redundancy imposes costs.
Complete duplication of every function would be inefficient.
Strategic redundancy can nevertheless protect against single-point failure, institutional bias, data loss,

and political manipulation.
Its value increases where the relevant decision is difficult to reverse.
Planetary-defense threat assessment should not depend entirely upon one observational institution.
Long-term orbital safety should not depend upon one proprietary data source.
Environmental baselines of unique celestial sites should ideally survive the failure of one archive.
Institutional resilience therefore depends upon both interoperability and partial independence.
A system whose every component shares the same failure mode can be highly coordinated while

remaining fragile.

14.17 Conflict Resolution and Escalation Pathways

Increasing activity makes disagreement inevitable.
Two operators can dispute conjunction responsibility.
A scientific community can argue that a commercial activity produces unacceptable interference.
Two lunar missions can seek overlapping operational areas.
States can disagree over the consequences of a proposed planetary-defense mission.
A national authorization can create externalities for actors elsewhere.
Governance therefore requires pathways through which disagreement can escalate from technical

coordination toward broader political resolution.
The first level can remain operational.
Operators exchange information and adjust activities.
The second level can involve technical or scientific institutions.
Standards bodies or expert groups evaluate disputed evidence.
The third level can involve national regulators or diplomatic consultation.
The final level can require international political or legal procedures.
Such graduated escalation preserves efficiency.
Most technical conflicts need not become major diplomatic disputes.
Conflicts involving important distributive or legal questions should not remain confined within tech-

nical bodies lacking the authority to resolve them.
Article IX consultation under the Outer Space Treaty provides one existing general principle for

activities expected to cause potentially harmful interference [60].
The institutional challenge is to make consultation sufficiently concrete for increasingly dense celes-

tial activity.
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14.18 Soft Law, Technical Standards, and Binding Rules

Celestial governance operates through instruments with different degrees and forms of authority.
Treaties establish binding international legal obligations.
National legislation and licensing conditions create enforceable domestic requirements.
Technical standards establish professional expectations.
United Nations guidelines can shape state practice without functioning as treaty obligations.
Scientific organizations can define technically influential policies.
Operational agreements can coordinate particular missions.
Political accords can develop shared practices among participating states.
This plurality should be treated as an institutional resource rather than as a single hierarchy.
Different instruments possess different advantages.
Treaties provide durability and legal force.
Technical standards can adapt comparatively quickly to scientific change.
Guidelines can support convergence before formal legal agreement becomes possible.
National rules can be tailored to domestic institutional structures.
Operational agreements can respond to specific activity.
The governance problem concerns the relation among these instruments.
A voluntary scientific standard can become more effective when incorporated into national autho-

rization.
A sustainability guideline can influence licensing.
Repeated technical practice can reveal the need for stronger legal rules.
Law and standards therefore co-evolve.
The architecture should allow information to move from practice into norm revision.

14.19 Institutional Learning across Governance Domains

Celestial-governance domains should also learn from one another.
Planetary protection has experience with scientifically revisable mission categories and contamina-

tion standards.
Planetary defense has experience with distributed observation and staged international warning struc-

tures.
Spectrum governance has experience with treaty-based technical coordination across national admin-

istrations.
Orbital sustainability has experience with conjunction data and debris mitigation.
Astronomical protection has experience translating observational externalities into technical mitiga-

tion requests.
Lunar governance is beginning to confront site-specific deconfliction and environmental scarcity.
These domains should remain substantively differentiated while their institutional solutions can be

compared.
The transferable object is usually a governance function rather than an entire institution.
Monitoring can transfer conceptually.
Periodic revision can transfer.
Registration can transfer.
Escalation procedures can transfer.
Scientific advisory mechanisms can transfer.
Transparency requirements can transfer.
The substantive thresholds and legal authority must remain adapted to the specific environment.
Institutional learning therefore resembles the relational comparison developed in Section 8: useful

comparison preserves functions while allowing substantial variation in form.
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14.20 Adaptive Governance and Generated Environments

Celestial governance differs from governance of a static external environment because the regulated
activity changes the environment to which later rules apply.

More satellites change orbital density.
New constellations change optical and radio conditions.
Lunar landings change surface environments.
Scientific discoveries change the perceived value of sites.
Commercial capability changes the number and type of actors.
Planetary-defense technology changes the set of available responses to near-Earth-object threats.
Regulation therefore acts upon a moving target partly generated through earlier regulation and activ-

ity.
An adaptive architecture should connect observation, action, evaluation, and revision.
Monitoring identifies environmental change.
Scientific analysis interprets the change.
Political institutions determine whether standards remain adequate.
Revised standards alter subsequent behavior.
New behavior generates a new environmental configuration.
Governance thus becomes a recursive process.
Its quality depends partly upon the speed with which evidence can move through this cycle relative

to the speed with which environmental conditions change.
A rule revised after irreversible environmental loss has occurred can remain procedurally functional

while being substantively too slow.
Temporal responsiveness is therefore an institutional capacity.

14.21 Limits on Institutional Integration

The case for coordination should not become a case for unlimited institutional integration.
A highly centralized celestial-governance architecture could create several risks.
Decision making could become distant from affected scientific or operational communities.
One institution could become a single point of epistemic or political failure.
Innovation could slow where every activity requires universal approval.
Powerful states could dominate a nominally global institution.
Technical questions could become unnecessarily politicized.
Political disagreements could block routine scientific coordination.
The historical success of astronomical standards frequently depended upon narrowly defined inter-

faces rather than comprehensive institutional unity.
The same principle remains useful for celestial governance.
Integration should be strongest where externalities, safety, or irreversibility require common action.
Plurality should be preserved where differentiated institutions can govern their own domains without

imposing significant costs upon others.
This balance is dynamic.
Increasing density of activity can move a problem from local autonomy toward collective coordina-

tion.
Improved technology can sometimes move it in the opposite direction by reducing external effects.
Institutional architecture should therefore remain responsive to the changing structure of interdepen-

dence.

14.22 A Relational Architecture of Celestial Governance

The preceding analysis supports a relational architecture rather than one organizational blueprint.
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At the epistemic layer, distributed observation and scientific expertise generate knowledge concern-
ing celestial environments.

At the technical layer, common standards and data interfaces make heterogeneous systems interop-
erable.

At the national layer, states authorize and supervise activities conducted under their jurisdiction.
At the international layer, treaty principles, COPUOS processes, ITU regulation, scientific organiza-

tions, and specialized coordination mechanisms govern relations whose effects cross national boundaries.
At the operational layer, agencies and private actors implement missions and respond to real-time

conditions.
At the archival layer, institutions preserve environmental baselines, decision records, observational

data, and evidence necessary for later reassessment.
At the normative layer, political institutions evaluate the distribution of risk, benefit, access, and

environmental loss.
These layers should remain connected without being collapsed into one authority.
A scientific warning must be able to enter political decision.
A political authorization must be able to generate operational constraints.
Operational outcomes must return to scientific observation.
Environmental monitoring must be capable of triggering rule revision.
Affected interests must be capable of challenging incomplete representations.
Future-oriented standards must constrain present use sufficiently to preserve later options.
Governance becomes effective through the circulation of information, responsibility, and corrective

capacity across these relations.

14.23 Celestial Governance as an Evolving Interface System

The institutional history of astronomy provides a long precedent for this form of governance.
Calendars connected celestial observation with political administration.
Observatories connected local measurement with wider scientific communities.
Time standards connected heterogeneous transport and communication systems.
Meridians connected geographical positions.
International scientific unions connected national communities.
Radio regulations connect states and operators through common technical rules.
Planetary-protection standards connect scientific assessment with mission authorization.
Planetary-defense networks connect distributed observation with possible collective action.
Contemporary celestial governance extends this historical trajectory.
Its central institutional problem is increasingly the governance of interfaces among heterogeneous

actors whose activities share physical environments without sharing one political hierarchy.
The architecture should therefore preserve several properties developed throughout the paper: dis-

tributed observation, common reference systems, traceability, revisability, scale-sensitive authority, dif-
ferentiated participation, and preservation of future capacity.

This structure also clarifies the meaning of political order in the celestial domain.
Order does not require one sovereign center governing every activity.
It requires sufficient relations among centers for their activities to remain mutually intelligible, envi-

ronmentally viable, and politically accountable.
The resulting governance system remains unfinished.
New activities will create interfaces that current institutions cannot yet specify.
New scientific discoveries will alter the value assigned to environments.
New actors will change the distribution of capability.
New externalities will reveal gaps among existing jurisdictions.
The appropriate architecture is therefore one capable of generating new coordination when emerging

relations make existing interfaces inadequate.
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The following section turns from institutional architecture to the normative problem that remains after
coordination has been achieved. Celestial governance must determine which values should guide action
where scientific knowledge is incomplete, interests are heterogeneous, affected subjects can be absent or
future, and several legitimate uses of the same environment cannot all be maximized simultaneously. The
next section therefore examines the relation among generativity, justice, responsibility, and the ethical
limits of human intervention in celestial environments.

15 Generativity, Justice, and Celestial Responsibility

This section develops the normative principles required by the institutional architecture proposed in Sec-
tion 14. Its role is to clarify how human activity in celestial environments can be evaluated where knowl-
edge remains incomplete, several legitimate uses compete, affected subjects occupy unequal positions,
and present interventions can shape the possibilities available to future actors. The discussion proceeds
through generativity, distributive and procedural justice, epistemic responsibility, irreversibility, future
recognition, intergenerational access, environmental value under uncertainty, asymmetries of capabil-
ity, and the relation between scientific opportunity and political legitimacy. The section develops a
provisional normative orientation rather than a complete extraterrestrial ethics. Its central claim is that
celestial governance should evaluate actions through the relations they generate: who gains capabilities,
who bears risk, which environments remain knowable and usable, which options become irreversible,
and whether future actors retain meaningful capacities to participate in the continuing human relation
with the heavens.

15.1 Generativity as a Normative Object

The concept of generativity provides a way to evaluate celestial activity across several domains without
reducing every decision to preservation, exploitation, or aggregate utility.

A generative environment supports the continuing production of knowledge, capabilities, relations,
institutions, and future options.

An orbital region is generative when it remains sufficiently safe and accessible for continuing com-
munication, navigation, science, and exploration.

A lunar scientific site is generative when its physical conditions remain capable of supporting future
investigations whose precise form may still be unknown.

A planetary environment is epistemically generative when investigation can produce new knowledge
without irretrievably destroying the traces required for later inquiry.

A governance institution is generative when its rules preserve enough stability for coordinated action
while remaining capable of revision when the environment or the relevant knowledge changes.

Generativity therefore concerns trajectories.
The normative object is the relation between present action and the field of future capacities produced

through that action.
This perspective gives environmental preservation a particular meaning. Preservation can be valu-

able because it sustains future generativity.
Intervention can also be valuable because some forms of knowledge and capability arise only through

active exploration.
The relevant comparison concerns which trajectory sustains a richer, more just, and more widely

accessible field of future possibilities.

15.2 Generativity and the Distribution of Capability

Generativity acquires normative significance only when its distribution is considered.
A celestial environment can remain highly productive while the ability to use it becomes concentrated

among a small number of actors.
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An orbital region can remain technically accessible while collision avoidance, tracking, insurance,
and maneuver requirements become so demanding that only wealthy operators can participate safely.

Lunar infrastructure can increase aggregate human capability while placing the most valuable scien-
tific or operational sites under the effective control of early entrants.

Astronomical data can increase dramatically while access to observing conditions declines for insti-
tutions unable to adapt to constellation interference.

Aggregate generativity therefore differs from just generativity.
A just generative trajectory should preserve or expand meaningful capabilities across a plurality of

actors rather than measuring only the total amount of activity produced.
Sen’s comparative approach to justice is useful at this level because it allows substantive comparison

without requiring every possible institutional configuration to be placed within one complete ordering
[54]. Celestial governance can identify severe reductions of capability, exclusion, or avoidable concen-
tration even where no universally agreed final distribution has been specified.

The normative analysis should therefore ask who remains capable of acting, learning, observing, and
participating after the intervention has occurred.

15.3 Distributive Justice in Celestial Activity

Celestial governance distributes several different goods and burdens.
It distributes access to orbital capacity.
It distributes access to radio-frequency resources.
It distributes scientific opportunity.
It distributes commercial opportunity.
It distributes environmental risk.
It distributes the costs of mitigation.
It distributes the benefits of communication, navigation, planetary defense, and scientific discovery.
It also distributes losses imposed upon future actors when current activity reduces later options.
These distributions need not coincide.
A population receiving substantial connectivity benefits from a satellite constellation can differ from

the astronomical community bearing much of the observational cost.
A state funding a planetary-defense mission can differ from the population temporarily exposed to

increased residual risk.
A lunar operator receiving the economic value of one site can impose a loss of scientific opportunity

distributed across an international research community.
Distributive analysis should therefore identify the several benefit and burden vectors rather than

collapsing them into one aggregate outcome.
This structure also complicates compensation.
Some losses can be compensated economically.
Loss of a unique scientific site can be impossible to reproduce elsewhere.
Contamination that removes the ability to distinguish indigenous from terrestrial material can destroy

an epistemic possibility whose value was unknown before the loss occurred.
Distributive justice in celestial environments therefore concerns both transferable resources and non-

substitutable opportunities.

15.4 Procedural Justice and the Formation of Collective Decisions

Where celestial decisions affect several actors, the legitimacy of the process becomes part of the norma-
tive evaluation.

Procedural justice concerns who receives information, who participates, whose knowledge counts,
how uncertainty is represented, and how disagreements move from technical analysis into political deci-
sion.

Planetary defense provides a strong example.
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Scientific experts can estimate trajectories and possible deflection outcomes.
States and agencies can possess operational capability.
Populations located within a changing impact-risk corridor can bear a substantial portion of the resid-

ual risk.
A legitimate decision process should make these relations visible before the decision becomes irre-

versible.
The same principle applies to lunar and orbital governance.
Scientific communities affected by interference possess relevant evidence.
Emerging space actors possess interests in future access.
Commercial operators possess technical information concerning system design.
States retain legal responsibilities.
Local and cultural communities can possess interests in terrestrial observing sites or relations with

the night sky.
Procedural justice does not require identical decision authority for every participant.
It requires a structure through which relevant interests and evidence can enter the decision at the

stage where they can still influence the generated trajectory.

15.5 Epistemic Justice in Celestial Governance

Celestial governance is also an epistemic-distribution problem.
Some actors possess observatories.
Some possess launch capability.
Some possess proprietary engineering data.
Some possess detailed environmental models.
Some possess local or cultural knowledge relevant to particular astronomical sites.
Some populations can experience the consequences of a policy while lacking direct access to the

institutions producing the official representation of that consequence.
The governance architecture therefore determines which knowledge becomes actionable.
A central risk model can exclude variables that matter strongly to a particular community.
A standardized environmental dataset can make some effects visible while suppressing others.
A commercial operator can possess information essential to assessing interference while external

researchers possess only indirect observations.
Epistemic justice requires attention to these asymmetries.
The principle does not imply equal authority for every knowledge claim.
Claims remain subject to evidence, method, uncertainty, and domain-specific expertise.
The normative requirement concerns the opportunity for materially relevant knowledge to become

recognizable within the decision process.
This requirement follows directly from the relational incompleteness developed in Section 10.6.
No single institutional observer possesses complete access to the governed system.
Justice therefore includes the design of channels through which excluded relations can become epis-

temically visible.

15.6 Responsibility under Incomplete Knowledge

Celestial activity repeatedly requires decision before complete knowledge is available.
A planetary environment can require contamination controls before its biological status is known.
A hazardous asteroid can require mission planning before its orbit and physical properties are fully

characterized.
A lunar site can require protection before every future scientific use has been identified.
An orbital-sustainability rule can require revision before long-term traffic patterns are known with

precision.
Responsibility under such conditions cannot depend upon certainty.
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It depends upon the quality of the relation between uncertainty and action.
Actors should identify what is known.
They should identify material unknowns.
They should preserve distinctions among observation, inference, and assumption.
They should select interventions whose reversibility and scale correspond reasonably to the eviden-

tiary position.
They should preserve monitoring and corrective capacity after action.
This approach treats uncertainty as a property to be governed.
It avoids both paralysis and overconfidence.
The normative objective is justified commitment under an unfinished epistemic condition.

15.7 Irreversibility and the Burden of Justification

Irreversibility changes the normative burden attached to intervention.
Some celestial actions can be corrected comparatively easily.
A communication protocol can be changed.
A satellite can sometimes alter orientation.
A mission schedule can be revised.
Other actions can produce losses that remain difficult or impossible to reverse.
A contamination event can destroy the evidentiary distinction between indigenous and introduced

biological material.
Destruction of a unique geological structure can remove a record of planetary history.
Occupation or alteration of a rare lunar scientific site can remove conditions that exist nowhere else

within practical reach.
A debris-generating collision can create long-lived fragments beyond the operator’s control.
The greater the irreversibility, the stronger the justification should become.
This principle concerns evidence, alternatives, distribution, and procedure.
An irreversible intervention should generally require stronger evidence of benefit, clearer analysis

of affected interests, more serious examination of alternatives, and stronger preservation of records con-
cerning the decision.

Irreversibility also increases the value of staged action.
A sequence of smaller interventions can permit observation between stages and preserve the ability

to alter later decisions.
The normative preference therefore concerns preservation of corrective capacity where the physical

environment permits it.

15.8 Reversibility and Political Learning

Reversibility has epistemic value because it permits action to generate evidence without closing every
subsequent option.

A reversible experiment can test assumptions.
A staged mission can reveal environmental conditions before deeper intervention.
Temporary operational restrictions can be reviewed after monitoring.
Adaptive brightness or transmission controls can be revised after observational effects become mea-

surable.
Reversibility therefore supports learning through praxis.
The value is especially important where the intervention itself generates the evidence required for

later judgment.
Planetary exploration frequently has this structure.
Direct contact reveals properties that remote observation could not determine.
Governance must therefore allow enough intervention to learn while preserving enough environmen-

tal integrity to respond to what has been learned.
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The normative relation between reversibility and learning is consequently generative.
A reversible action creates knowledge and preserves the possibility of acting differently later.
The criterion should remain proportional.
Some worthwhile activities are inherently difficult to reverse.
The question concerns whether avoidable irreversible closure is being imposed before the knowledge

required to justify that closure has developed.

15.9 Recognition of Unknown Value

Extraterrestrial environments create a distinctive problem because current institutions can fail to recog-
nize the value that later knowledge will reveal.

A site can appear scientifically ordinary until a later theory makes one of its properties significant.
A chemical environment can appear biologically inactive until improved instruments detect processes

previously invisible.
A region of the Moon can acquire exceptional scientific value after a new observational method

becomes possible.
A historical artifact can acquire cultural importance long after its original use has ended.
The ethical problem therefore concerns preservation of recognizability.
Schwartz’s analysis of scientific value in space emphasizes the difficulty of predicting all future scien-

tific uses of poorly explored environments [53]. The ethical discussions surrounding planetary protection
similarly extend beyond immediately confirmed biological value toward questions of stewardship and
environmental significance [49].

Present non-recognition should therefore be treated cautiously where the environment remains poorly
characterized and the proposed transformation is irreversible.

A norm of recognizability does not assign infinite value to every unknown object.
It provides a reason to preserve selected traces, baselines, reference sites, and environmental condi-

tions through which future significance could become detectable.
This principle extends the concept of future knowability developed in Section 11.5 into the normative

domain.

15.10 Intergenerational Justice and Future Access

Celestial governance distributes opportunities across generations.
Current actors occupy an unusual position.
They are among the earliest generations capable of altering orbital and extraterrestrial environments

at significant scale.
Their actions can therefore define initial conditions for later generations.
A congested orbital shell can raise the cost of later entry.
A contaminated site can reduce later scientific confidence.
A destroyed lunar scientific environment can eliminate an observational opportunity permanently.
A well-maintained orbital infrastructure can also create valuable inherited capacity.
A preserved scientific site can support future instruments.
A successful planetary-defense system can protect generations that did not contribute to its construc-

tion.
Intergenerational justice therefore concerns both inherited burden and inherited capability.
The UN long-term-sustainability framework explicitly links present outer-space activity with preser-

vation of the environment and benefits of peaceful use for future generations [63, 64].
The present paper interprets this responsibility through future option space.
Current governance should avoid unnecessarily exhausting opportunities whose future users cannot

yet represent themselves.
This principle does not require leaving every environment unchanged.
Future actors can also benefit from infrastructure, knowledge, and institutions created now.
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The relevant comparison concerns the balance between capacities transmitted and possibilities fore-
closed.

15.11 Justice among Present and Future Space Actors

Intergenerational distribution interacts with contemporary inequality.
The states and firms possessing current space capability can alter environments before other actors

develop comparable capacity.
Formal future access can therefore become increasingly hollow.
An emerging space nation can possess a legal right to use outer space while the most useful orbital

environments have become congested.
A future astronomical institution can possess formal permission to conduct lunar science after excep-

tional sites have already been degraded.
A later operator can enter a market whose environmental costs were generated by earlier users.
The distinction between formal permission and effective capability is therefore normatively impor-

tant.
Just access concerns the preservation of conditions under which future entrants can exercise mean-

ingful options.
This does not imply equal shares of every celestial resource.
Different missions possess different requirements, capabilities, and contributions.
It does imply that early technological advantage should not automatically become permanent control

over environmental capacity simply because governance developed more slowly than technology.
The temporal sequencing of capability and regulation therefore belongs to the justice problem.

15.12 Scientific Opportunity and Justice

Scientific opportunity possesses a special status within celestial governance.
Scientific knowledge often functions as a global or widely shareable benefit.
Observation of the universe can produce knowledge accessible far beyond the institution that owns

the instrument.
Planetary science can improve understanding of Earth.
Astrobiology can transform humanity’s understanding of life.
Astronomical archives can remain scientifically useful across generations.
Loss of scientific opportunity therefore affects more than the institution whose instrument would

have occupied the site.
The lunar-site problem discussed in Section 13.11 makes this especially clear.
A scarce site can support a form of observation difficult to reproduce elsewhere.
Its destruction therefore removes a capability from a much wider scientific community.
Krolikowski and Elvis emphasize the urgency of protecting such exceptional sites before incompat-

ible activities make their scientific properties unusable [28].
Scientific opportunity should consequently enter distributive analysis as a capability whose benefi-

ciaries can be diffuse, international, and future.
Its weight remains context-dependent.
Science does not automatically override safety, human welfare, or every other legitimate celestial

use.
The point concerns recognition of scientific opportunity as one independently significant object of

justice rather than as a residual value considered only after commercial and operational claims have been
allocated.
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15.13 Environmental Value and Human Benefit

Celestial governance also confronts a deeper normative question concerning the status of extraterrestrial
environments independently of direct human use.

Current institutional practice offers only partial answers.
Planetary protection strongly emphasizes preservation of scientific integrity and prevention of harm-

ful contamination [4, 6].
Ethical discussions have considered broader forms of stewardship and environmental responsibility

[49].
The present paper leaves open the strongest metaphysical and ethical claims concerning intrinsic

extraterrestrial value.
Its argument requires a more limited proposition.
Human benefit is not exhausted by immediate use.
Scientific value, future option value, cultural meaning, environmental history, and preservation of

unknown significance can all belong to a legitimate human relation with celestial environments.
The relevant policy comparison should therefore avoid equating intervention with productive use

and preservation with absence of use.
Preservation is itself a way of structuring future relations.
Observation is a use.
Scientific restraint can be productive.
Environmental integrity can function as infrastructure for future knowledge.
This wider conception of benefit makes celestial governance compatible with active exploration

while preserving reasons for restraint.

15.14 Representation beyond Present Human Subjects

Some celestial decisions affect interests that have no direct present representative.
Future humans cannot participate directly.
Hypothetical extraterrestrial life cannot participate.
Scientific questions that have not yet been formulated cannot advocate for the environments needed

to answer them.
Non-living environments possess no institutional voice.
Governance therefore requires proxy forms of representation.
Scientific institutions can represent future research interests imperfectly.
Environmental standards can represent preservation values.
Intergenerational rules can represent future access.
Planetary-protection procedures can represent possible biological significance.
Protected reference sites can represent the value of future comparison.
These proxy mechanisms should be treated as provisional.
They represent possible interests without claiming complete knowledge of the subjects or values

involved.
The resulting humility is important.
Present actors should avoid inventing detailed preferences for future subjects.
They can identify conditions whose irreversible destruction would remove the future subject’s capac-

ity to choose.
This creates a minimal form of representation through preservation of option space.

15.15 Humanity as a Relational Political Subject

Several celestial problems invoke humanity as a collective subject.
Planetary defense concerns protection of Earth.
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Planetary protection concerns preservation of environments whose scientific significance can belong
to humanity broadly.

Astronomical observation concerns knowledgewhose value frequently extends beyond national bound-
aries.

Long-term orbital sustainability concerns infrastructure increasingly important to the global economy
and communication.

The political category of humanity remains institutionally incomplete.
There is no single world institution through which every human possesses equal representation in

celestial decisions.
Humanity nevertheless acquires political reality where institutions coordinate around genuinely plan-

etary objects.
A near-Earth-object threat can generate one such object.
Protection of the astronomical sky can generate another.
Preservation of future access to orbital environments can generate another.
The category is therefore relationally produced.
Humanity becomes politically actionable through shared vulnerability, shared knowledge, common

infrastructures, and institutions capable of coordinating across political boundaries.
This relational conception avoids treating humanity as either a purely abstract moral category or an

already completed political sovereign.
It identifies an emerging subject whose institutional representation remains partial.

15.16 Plural Values and Incomplete Ordering

Celestial decisions often involve values that resist reduction to one common metric.
Scientific opportunity can conflict with commercial use.
Orbital accessibility can conflict with short-term deployment speed.
Planetary protection can conflict with mission simplicity.
Dark-sky preservation can conflict with communication infrastructure.
Lunar heritage can conflict with later operational use.
Future option value can conflict with immediate economic return.
These conflicts create incomplete normative ordering.
Sen’s comparative approach again provides a useful orientation [54]. Decision making can identify

clearly inferior trajectories without requiring one complete ranking of every possible future.
A mission that generates substantial avoidable contamination while producing no distinctive benefit

can be judged inferior to an available cleaner alternative.
A satellite design that creates substantially greater astronomical interference without corresponding

public benefit can be compared unfavorably with a feasible mitigated design.
A lunar site whose scientific value is unique can justify stronger protection where functionally equiv-

alent operational sites remain available elsewhere.
Comparative reasoning therefore remains possible under normative plurality.
The governance task is to make the competing dimensions explicit and preserve the possibility of

revision where the comparison remains uncertain.

15.17 The Justice of Transition into a Spacefaring Society

Celestial governance also concerns the trajectory through which humanity becomes increasingly space-
faring.

The transition is likely to be uneven.
Some states and firms will possess advanced infrastructure earlier.
Some communities will receive benefits sooner.
Some environmental costs will appear before governance institutions have fully developed.
Some technologies will create path dependence.
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Some early standards will become difficult to replace.
Justice therefore concerns the process of expansion as well as the eventual configuration.
A future in which space activity produces large aggregate benefits can still contain unjust transitional

burdens.
A future in which orbital and lunar infrastructure is highly productive can still inherit exclusionary

structures generated during the period when access was concentrated.
Early governance choices consequently deserve special attention.
They can become default architectures.
Temporary operational arrangements can become durable expectations.
Initial allocation principles can become politically entrenched.
The transition into sustained celestial activity should therefore preserve institutional openness along-

side environmental capacity.
Later actors should retain the ability to participate in revising arrangements whose original conditions

have changed.

15.18 Generative Justice as a Celestial Principle

The preceding arguments support a provisional conception of generative justice for celestial governance.
Generative justice concerns the fair distribution and preservation of the conditions through which

actors can continue to generate valuable relations, knowledge, capabilities, and futures.
Applied to celestial environments, the principle has several components.
Present activity should preserve meaningful future access where environmental capacity is scarce.
Scientific and environmental conditions whose destruction would eliminate unique future possibili-

ties deserve stronger protection.
Risk generated through intervention should be distributed and governed through legitimate proce-

dures.
Actors exposed to significant consequences should possess channels through which their interests

and evidence become visible.
Technological capability should not automatically become permanent political priority.
Environmental standards should remain revisable as knowledge develops.
Decision records and baselines should preserve the possibility of later reassessment.
Generativity should be assessed across populations and generations rather than through aggregate

activity alone.
This formulation leaves many substantive thresholds open.
It does not determine the permitted number of satellites.
It does not determine which lunar site deserves permanent protection.
It does not determine the acceptable probability threshold for asteroid deflection.
It does not determine a universal allocation rule for extraterrestrial resources.
Its contribution is structural.
It identifies the relations that a defensible decision should make visible.

15.19 Celestial Responsibility under an Unfinished Future

The ethical structure of celestial governance ultimately follows from a basic temporal condition.
Humanity can increasingly act upon celestial environments before it fully understands them.
Present institutions can create relations whose significance becomes visible only later.
Current activity can generate benefits for future actors.
It can also eliminate possibilities before those actors acquire the knowledge or capability to recognize

their value.
Celestial responsibility therefore requires commitment under incomplete knowledge.
Exploration cannot wait for complete normative theory.
Planetary defense cannot wait for certainty once the remaining warning time makes action necessary.
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Orbital governance cannot wait until congestion becomes irreversible.
Scientific protection cannot wait until every future use of a site is known.
The appropriate response is a form of committed normative fallibilism.
Present actors should make decisions using the best available evidence and explicit normative rea-

sons.
They should prefer trajectories that preserve corrective capacity where feasible.
They should document the relations they alter.
They should preserve future recognizability where present knowledge is weak.
They should distribute benefits, burdens, access, and epistemic authority in ways that remain open

to justified revision.
They should treat future capacity as part of the present object of justice.
The resulting ethic mirrors the historical structure developed throughout the paper.
Humanity once interpreted political order through the heavens.
Political institutions then generated the infrastructures through which the heavens became increas-

ingly knowable.
Knowledge created new technological capabilities.
Capability transformed the heavens into environments of intervention.
Intervention now creates normative responsibility for the future conditions of knowledge, access, and

action.
Celestial ethics therefore emerges within the same reciprocal history as celestial politics.
The following section examines the limitations of this framework. It clarifies the boundaries of

astronomical analogy, the incompleteness of the historical coverage, the unresolved status of extrater-
restrial environmental value, the difficulty of operationalizing generativity and justice, the institutional
uncertainties surrounding future space activity, and the reflexive limitations of treating contemporary
relational concepts as a privileged description of the future.

16 Analytical Scope and Limitations

This section specifies the analytical boundaries of the historical and philosophical account developed in
the preceding sections. The paper has moved across several domains—ancient celestial symbolism, cal-
endrical authority, navigation, observatories, standardization, modern astronomy, planetary protection,
planetary defense, orbital sustainability, lunar activity, and celestial governance—in order to reconstruct
a long reciprocal history between astronomy and politics. Such breadth permits connections that would
remain difficult to see within a narrower disciplinary study, but it also creates important limitations. The
discussion therefore clarifies the selectivity of the historical record used here, the methodological limits
of astronomical analogy, the difficulty of identifying causal influence across domains, the incomplete-
ness of the proposed account of political appearance, the provisional status of generativity and generative
justice, the uncertainty surrounding future space institutions, and the historically situated character of the
framework itself.

16.1 Selective Historical Coverage

The paper presents a selective intellectual and institutional history rather than a comprehensive global
history of astronomy and political order. Mesopotamian, early Chinese, Greek, British, Ottoman, and
contemporary international cases have been used because they illuminate distinct relations among ce-
lestial knowledge, political legitimacy, temporal coordination, navigation, scientific institutions, and
governance. Their analytical value does not imply that they exhaust the relevant historical traditions.

Important traditions remain weakly represented or absent. Indian astronomical and calendrical tradi-
tions, Islamic astronomy across different historical periods, Mesoamerican and Andean celestial-political
systems, African astronomical traditions, Indigenous cosmologies, Japanese historical astronomy, and
numerous other regional histories could substantially deepen ormodify the account developed here. Even
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within the traditions discussed, the paper relies upon a small number of episodes selected for conceptual
relevance.

The resulting history should therefore be interpreted as a comparative philosophical reconstruction.
It identifies recurring forms of relation without claiming to establish their global frequency, historical
priority, or universality. A fuller historical treatment would require specialist engagement with additional
languages, archives, material cultures, local political institutions, and historiographical debates.

This limitation is especially important where the paper identifies transitions among sacred, scientific,
bureaucratic, and relational forms of political appearance. These categories are analytical abstractions
rather than chronological stages through which every society passes. Their distribution across societies,
institutions, and periods remains historically uneven.

16.2 Historical Influence and Philosophical Reconstruction

The paper has distinguished historical influence from philosophical reconstruction, but the boundary
between them remains difficult to maintain in every case. Some relations can be established through
relatively direct historical evidence. Calendrical institutions can be documented. State support for ob-
servatories can be reconstructed. Navigation programmes can be connected to political and commercial
priorities. International technical standards can be traced through institutional records.

Other relations operate at a less direct level. The claim that changing astronomical representations
contribute to changing political imaginaries concerns broad intellectual environments whose causal path-
ways can be diffuse. Scientific concepts circulate through education, art, philosophy, technology, public
discourse, religious interpretation, and political rhetoric. Establishing that one astronomical idea mate-
rially transformed one political institution therefore requires evidence stronger than conceptual resem-
blance.

The paper consequently uses some astronomical developments as sources of philosophical differen-
tiation rather than as demonstrated causes of political transformation. Modern astronomy makes distinc-
tions among functional centers, privileged centers, coordinate systems, observational positions, temporal
delay, and scale unusually explicit. These distinctions can sharpen political questions even where no his-
torical evidence establishes direct transmission from astronomy into political theory.

Future work should therefore preserve separate evidentiary standards for historical claims and philo-
sophical uses. A historically documented transfer, a conceptual analogy, a shared formal structure, and
an independent philosophical reconstruction are different kinds of relation and should remain distinguish-
able.

16.3 Limits of Astronomical Analogy

Astronomical analogy remains one of the greatest methodological risks of the inquiry. Physical sys-
tems and political systems differ fundamentally in the kinds of entities, relations, causal mechanisms,
normativity, interpretation, and agency they contain. A gravitational system does not negotiate. A refer-
ence frame does not possess political interests. An asteroid does not deliberate concerning its trajectory.
Physical law and political law therefore belong to different explanatory domains.

The paper has attempted to restrict astronomical transfer to cases where astronomy clarifies a dis-
tinction rather than supplies a political prescription. Relativity can sharpen the distinction between situ-
ated description and arbitrary description. Finite signal propagation can clarify the difference between
presently available evidence and the historical state represented by that evidence. Modern cosmology
can distinguish useful coordinate centers from privileged centers. Multiscale astronomical description
can illustrate the dependence of representation upon analytical resolution.

These conceptual gains do not authorize direct institutional inference. The absence of a privileged
center in cosmology does not establish the desirability of decentralized politics. Frame dependence in
physics does not establish moral relativism. Distributed astronomical observation does not prove that
every political system should adopt one particular form of federalism or polycentric governance.
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The value of astronomical analogy therefore depends upon disciplined incompleteness. Astronomy
can reveal an assumption, supply a counterexample to an intuition, or provide a precise conceptual distinc-
tion. Political conclusions still require independent historical, empirical, legal, and normative reasoning.

16.4 Causal Complexity in Astronomical-Political Co-Evolution

The concept of co-evolution developed in Section 6 is intentionally broader than a single causal model.
Astronomy and politics interact through legitimacy, institutions, resource allocation, navigation, military
demand, commerce, scientific authority, education, standards, symbolic interpretation, and technological
infrastructure. These mechanisms can operate simultaneously and at different strengths.

Such breadth creates an explanatory limitation. Co-evolution can become too permissive if every
historical interaction is described as reciprocal development without identifying the mechanism through
which one domain altered the other. The concept becomes analytically useful only where the relevant
relations, temporal sequence, and feedback can be specified.

The direction of influence can also be highly asymmetric. Political institutions can determine funding,
territorial access, and organizational continuity for astronomy while astronomical knowledge exerts little
immediate influence upon political structure. In other historical settings, navigational, calendrical, or
temporal demands can make astronomy especially consequential for state capacity. The relative strength
of the coupling therefore requires case-specific analysis.

Future empirical work should distinguish direct causal influence, enabling conditions, institutional
reinforcement, symbolic appropriation, and retrospective philosophical interpretation. The present paper
establishes the plausibility and historical importance of reciprocal formation without offering a general
causal model capable of measuring the strength of each pathway.

16.5 Scale Dependence of Political Order

The relational account of order developed in Section 8 is strongly scale-dependent. Coordination, stabil-
ity, generativity, and predictability can vary substantially depending upon whether analysis occurs at the
level of individuals, organizations, states, international institutions, orbital environments, or humanity
as a whole.

A configuration can appear highly ordered at one scale while producing severe instability at another.
A national system can improve aggregate coordination while imposing uncertainty upon local commu-
nities. An orbital regime can remain usable for technologically advanced operators while becoming ef-
fectively inaccessible to actors lacking sophisticated collision-avoidance capacity. A planetary-defense
strategy can reduce expected global harm while increasing conditional risk for one region.

The concept of order therefore cannot be assigned one global value without specifying scale and
observational position. The same limitation applies to generativity. A system can increase aggregate
technological or scientific generativity while reducing the generative capacity of particular populations
or future actors.

The framework recognizes these problems but does not provide a general method for aggregating
across scales. Multiscale normative comparison remains an open problem. Future analysis will need
to specify when higher-level gains can justify lower-level losses, which losses should be treated as non-
substitutable, and how cross-scale effects should enter institutional design.

16.6 Operationalization of Generativity

Generativity performs an important normative and analytical role in the later sections of the paper, yet
it remains difficult to operationalize. The concept refers to the capacity of a relational configuration
to continue producing valuable knowledge, capabilities, relations, institutional possibilities, and future
options. These dimensions do not share one natural unit of measurement.

An orbital environment can be generative scientifically, commercially, and technologically while be-
coming less generative for future entrants. A lunar site can support one exceptionally valuable scientific
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programme while its protection restricts other uses. A planetary-protection requirement can preserve
epistemic possibility while increasing mission cost and reducing the number of feasible missions.

Generativity therefore cannot presently be represented through one scalar index. Its evaluation re-
quires identification of the capacities under consideration, the actors among whom they are distributed,
the temporal horizon, and the relations likely to be preserved or foreclosed.

The difficulty is increased by uncertainty concerning future uses. The value of preserving an envi-
ronment can derive partly from possibilities that present institutions cannot specify. A metric based only
upon presently recognized uses would systematically undervalue future option space.

The concept should consequently be understood as a structured question for governance rather than a
completedmeasurement system. It directs attention toward the future-producing consequences of present
action while leaving quantitative operationalization to domain-specific research.

16.7 Normative Incompleteness of Generative Justice

Generative justice extends the concept of generativity by asking how the conditions of future generation
are distributed across actors and generations. The framework can identify several relevant dimensions:
access, risk, scientific opportunity, environmental integrity, technological capability, participation, epis-
temic visibility, and future option value.

The framework does not establish one complete rule for resolving conflicts among these dimensions.
Protection of a unique scientific site can conflict with resource activity. Orbital sustainability can impose
costs upon present operators. Planetary defense can require acceptance of geographically differentiated
residual risk. Strong planetary-protection requirements can delay scientifically valuable exploration.

Some comparisons will permit relatively clear judgments. An intervention that destroys a unique
scientific opportunity while producing no distinctive benefit can be compared unfavorably with a feasi-
ble lower-impact alternative. Other comparisons remain substantially harder because several valuable
capacities conflict without one common metric.

The present account therefore supports partial and comparative normative ordering. It can identify
reasons, asymmetries, irreversible losses, and neglected interests without claiming to provide one uni-
versal optimization function for celestial governance.

Amore complete theory would require deeper engagement with distributive justice, intergenerational
justice, environmental ethics, theories of rights, international justice, and decision theory under deep
uncertainty.

16.8 Unresolved Status of Extraterrestrial Environmental Value

The paper deliberately leaves open the strongest question concerning the intrinsic moral status of extrater-
restrial environments. Current planetary-protection practice supplies clear scientific and legal reasons
for contamination control. Wider ethical literature provides arguments concerning stewardship, preser-
vation, possible life, scientific value, and future options. None of these establishes a universally accepted
account of value for every non-living extraterrestrial environment.

This incompleteness matters because different ethical theories can generate substantially different
conclusions. An anthropocentric framework can defend protection through scientific, cultural, aesthetic,
and future human value. A biocentric framework can assign special importance to extraterrestrial life if
discovered. Broader ecocentric or preservationist theories can attribute significance to non-living plane-
tary systems independently of direct human use.

The Generative Relational approach developed here does not resolve this disagreement. Its more
modest contribution is to identify a reason for caution where present institutions remain uncertain about
value and irreversible intervention can eliminate future possibilities of recognition.

Preservation of recognizability is therefore weaker than a complete theory of intrinsic value. It pro-
tects the conditions under which later normative understanding can develop. Whether some extraterres-
trial environments deserve protection even where no future human recognition is at stake remains an
open philosophical problem.
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16.9 Representation of Absent and Future Subjects

The paper repeatedly invokes future generations, future scientists, emerging space actors, possible ex-
traterrestrial life, and other subjects that cannot participate directly in current political procedures. Insti-
tutional representation of such interests is necessarily indirect.

Present actors can preserve options, scientific sites, environmental baselines, archival records, and
access conditions. They cannot know the exact preferences of future subjects. An attempt to represent
future generations too specifically can become another form of present domination by projecting con-
temporary values into an unknown future.

The normative objective should therefore remain limited. Present institutions can identify irreversible
actions that would eliminate broad categories of future choice. They can preserve resources and epistemic
conditions whose loss would be difficult to repair. They can avoid converting temporary technological
advantage into permanent exclusion.

These measures represent future agency by preserving capacity rather than by inventing detailed
future preferences.

Even this minimal approach requires difficult judgments. Preservation itself can impose costs upon
present populations, including populations with urgent development needs. Intergenerational justice
therefore requires comparison between future option preservation and present distributive claims.

The framework identifies this conflict but does not supply a universal rule for resolving it.

16.10 Institutional Uncertainty in Future Space Governance

The institutional architecture proposed in Section 14 is necessarily provisional because the scale and
composition of future space activity remain uncertain.

Commercial activity can expandmore rapidly than current expectations. Lunar operations can remain
limited for decades or develop quickly. New propulsion, launch, communication, robotic, or in-situ-
resource technologies can alter the relative value of locations and regulatory instruments. New states can
acquire significant capabilities. Scientific discoveries can change the perceived importance of particular
environments.

Institutional recommendations that fit a sparse activity environment can become inadequate under
dense use. Conversely, governance structures designed for anticipated large-scale activity can impose
unnecessary burdens if that activity develops slowly.

This uncertainty supports modular and revisable institutions rather than one fixed constitutional de-
sign for outer space.

The principle of interface governance developed throughout the paper remains useful under uncer-
tainty because common rules can expand selectively where interdependence increases. Even this ap-
proach requires empirical testing. Some externalities may eventually require stronger centralized au-
thority than the present framework anticipates. Others can be governed effectively through technical
standards, national regulation, and bilateral coordination.

The appropriate institutional scale should therefore remain open to revision as the structure of celes-
tial activity changes.

16.11 International Law and Normative Interpretation

The paper uses existing international space law as an institutional foundation while also developing
philosophical arguments that extend beyond current legal obligations. These two levels should remain
distinct.

The Outer Space Treaty establishes important principles concerning peaceful use, international re-
sponsibility, non-appropriation, due regard, consultation, and contamination. The Liability Convention,
long-term-sustainability guidelines, ITU regulations, COSPAR policy, Artemis Accords, and other in-
struments add further legal, technical, or political layers.
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The normative arguments developed here concerning generative justice, future recognizability, envi-
ronmental option value, or representation of future actors do not automatically describe existing law.

They are philosophical proposals for evaluating and potentially developing governance.
This distinction is especially important in contested areas such as resource utilization, safety zones,

lunar scientific-site protection, and the legal consequences of planetary-defense intervention. Existing
law can constrain permissible action without resolving every normative disagreement concerning fair
allocation or environmental responsibility.

Future work should therefore integrate philosophical analysis more systematically with specialist
international space-law scholarship and with the evolving practice of states and international institutions.

16.12 Technological Uncertainty and Path Dependence

The future political significance of celestial environments depends partly upon technological trajectories
that remain difficult to predict.

A scarce lunar site under current technology can become less scarce if an alternative observational
method develops.

An orbital environment currently vulnerable to debris can becomemoremanageable if active-removal
capabilities improve substantially.

A radio-interference problem can change through new communication architectures or telescope
technologies.

Planetary-defense strategies can change through improved detection, propulsion, autonomous navi-
gation, or mitigation methods.

Governance therefore risks protecting or allocating resources based upon technological assumptions
that later become obsolete.

The opposite risk is also substantial. Waiting for technological uncertainty to disappear can permit
irreversible occupation, contamination, or degradation to occur first.

The relevant challenge is path dependence. Early infrastructure, standards, and allocation practices
can become entrenched before their long-term implications are known.

The framework therefore favors rules capable of preserving future correction. This orientation re-
mains a principle of institutional design rather than a guarantee against historical lock-in.

16.13 Measurement and Evidence under Sparse Experience

Many celestial-governance problems possess limited empirical precedent.
Humanity has conducted numerous space missions, but sustained settlement beyond Earth has not

occurred. Large-scale lunar resource activity has not yet developed. Planetary-defense technology has
been demonstrated only in controlled non-emergency conditions. The cumulative environmental effects
of very large satellite populations continue to develop.

Normative and institutional analysis therefore operates partly in a prospective mode.
Some risks can be modeled.
Some can be studied through terrestrial analogues.
Some become visible only as activity expands.
This evidence structure increases the possibility of both overestimation and underestimation.
Highly speculative scenarios can receive disproportionate attention because they are dramatic.
Slow cumulative effects can receive inadequate attention because no single event creates political

urgency.
The framework developed in this paper cannot eliminate these epistemic limitations. It can only

encourage explicit differentiation among observed effects, modeled risks, plausible future pathways, and
more speculative possibilities.
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16.14 Limits of the Shared-Environment Framework

The concept of a shared celestial environment was introduced to avoid treating outer space as one legally
homogeneous commons. Even this more cautious concept has limits.

Some celestial environments are physically shared because one actor’s activity directly changes con-
ditions for others.

Other environments are connected primarily through legal, scientific, cultural, or symbolic relations.
An orbital shell, a radio-frequency environment, a dark sky, a lunar surface region, and a planetary-

protection target possess very different forms of interdependence.
The concept of shared environment therefore operates at a high level of abstraction.
Detailed governance requires decomposition into specific environmental functions and externalities.
Overextension of the concept could obscure important differences between congestion, contamina-

tion, appropriation, interference, environmental degradation, and scientific scarcity.
The framework should therefore be used to identify relational interdependence, after which more

specific legal, scientific, and institutional categories should take over.

16.15 Reflexivity of Relational and Generative Concepts

The present framework is itself historically situated.
Relationality, networks, distributed systems, emergence, adaptability, resilience, generativity, and

polycentric governance possess considerable contemporary intellectual salience. They resonate with
developments in systems theory, ecology, computation, network science, international governance, and
modern physics.

Their present attractiveness can therefore influence the way celestial politics is interpreted.
An earlier period might have emphasized hierarchy, centrality, equilibrium, permanence, or universal

order.
A future period can develop concepts that make limitations of the present framework visible.
This reflexivity is especially important because the paper has criticized earlier tendencies to infer

political normativity from historically admired forms of celestial order. A contemporary preference for
relational or generative governance can reproduce the same error if relationality is treated as intrinsically
superior merely because it resonates with current scientific and technological imaginaries.

Generativity therefore requires independent normative justification.
Polycentricity should be preferred where it governs the relevant relations effectively and justly, not

because distributed systems presently appear intellectually sophisticated.
Centralization can remain appropriate for functions requiring authoritative coordination.
The framework should consequently remain revisable by the same historical standards it applies to

earlier political imaginaries.

16.16 Boundaries of the Generative Relational Contribution

The Generative Relational perspective contributes several organizing distinctions to the inquiry.
It emphasizes relations over isolated objects.
It treats political and scientific institutions as historically generated configurations.
It directs attention toward how intervention changes the conditions of later observation and judgment.
It distinguishes aggregate generativity from the distribution of generative capability.
It highlights future recognizability where current value remains incompletely known.
It treats governance as a recursive process in which action changes the environment to which later

governance responds.
These distinctions provide a vocabulary for connecting historically separated problems.
They do not constitute a complete theory of astronomy, political order, environmental ethics, inter-

national law, or space governance.
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The framework should therefore remain secondary to domain-specific evidence. Orbital dynam-
ics must be established through relevant physical and engineering analysis. Biological contamination
requires planetary science and astrobiology. International legal claims require legal interpretation. His-
torical claims require archival and historiographical support. Normative claims require independent
philosophical argument.

The Generative Relational contribution is integrative. Its value depends upon whether it improves
the formulation of relations among these domains without replacing their specialized methods.

16.17 Provisional Status of the Inquiry

The paper should ultimately be understood as a preliminary philosophical synthesis of a very large his-
torical and political field.

Its historical argument is that astronomy and politics have repeatedly altered one another through
symbolic interpretation, calendrical authority, navigation, infrastructure, standardization, scientific insti-
tutions, and governance.

Its philosophical argument is that changing astronomy modifies the conceptual environment through
which order, center, simultaneity, scale, observation, and recurrence can be reconsidered.

Its contemporary argument is that increasing technological capacity transforms celestial knowledge
into responsibility for environments, risks, infrastructures, and future possibilities.

Each of these arguments requires further specialization.
Historical work can test the proposed co-evolutionary relations across additional civilizations and

periods.
Political theory can develop the relation among generativity, justice, and authority more rigorously.
Space-law scholarship can examine the legal implications of the institutional proposals.
Empirical governance research can study whether polycentric interface architectures perform effec-

tively under real operational conditions.
Environmental ethics can deepen the analysis of extraterrestrial value.
Formal work can investigate multiscale generativity, cumulative externalities, and option preserva-

tion.
The limitations therefore define a research programme rather than a retreat from the paper’s central

argument. The reciprocal relation between astronomy and politics remains historically substantial and
increasingly consequential, while its precise forms require careful differentiation across periods, envi-
ronments, and institutions.

The following section develops the open questions arising from these limitations. It identifies the
historical, conceptual, empirical, formal, legal, and normative problems that require further investigation
if the study of astronomy and politics is to develop from a preliminary integrative framework into a more
mature interdisciplinary research programme.

17 Open Questions and Research Directions

This section develops the research agenda implied by the limitations identified in Section 16. Its purpose
is to identify the historical, conceptual, formal, empirical, legal, and normative problems that remain
unresolved after the present synthesis. The questions are organized around six broad directions: com-
parative histories of astronomy and political order, formal development of relational concepts, political
epistemology inspired by modern astronomy, governance of cumulative celestial environments, extrater-
restrial ethics and intergenerational responsibility, and empirical evaluation of institutional architectures.
The resulting agenda is intentionally open. A mature field concerned with astronomy and politics would
require collaboration across history of science, political theory, philosophy of history, international law,
astronomy, planetary science, environmental ethics, and governance studies.
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17.1 Comparative Histories of Celestial and Political Order

The first research direction concerns historical breadth. The present paper has relied upon selected cases
in order to identify recurrent relations among celestial knowledge, political authority, calendars, naviga-
tion, standards, and scientific institutions. A substantially wider comparative history is required before
stronger claims can be made concerning the frequency, persistence, or variation of these relations.

Such work should examine traditions in which astronomical knowledge developed through different
institutional structures. Comparative analysis could ask how courts, temples, religious institutions, bu-
reaucracies, maritime states, universities, colonial administrations, and modern scientific organizations
differently organized the production of celestial knowledge. It could also examine how political au-
thority entered astronomical practice through patronage, ritual, education, territorial access, instrument
production, archives, and standardization.

A particularly important question concerns the diversity of political meanings attached to similar
celestial phenomena. Polar centrality, eclipses, planetary conjunctions, seasonal cycles, and stellar ori-
entation have appeared in widely separated societies, while their political significance has varied sub-
stantially. Comparative work should therefore distinguish recurrence of astronomical phenomena from
recurrence of political interpretation.

The same research programme could examine cases where celestial knowledge remained politically
marginal. Such negative cases are important because they can identify the institutional and cultural
conditions under which astronomical observation acquires political force. A comparative history should
therefore investigate both strong and weak coupling between astronomy and political order.

17.2 Historical Mechanisms of Astronomical-Political Co-Evolution

The concept of co-evolution requires further decomposition into specific historical mechanisms. Fu-
ture work should distinguish symbolic legitimation, administrative demand, military and navigational
demand, scientific prestige, technological infrastructure, educational transmission, standardization, and
institutional feedback.

Different mechanisms are likely to operate at different temporal scales. Symbolic cosmology can
persist for centuries. Technical standards can change comparatively quickly. Administrative dependence
upon an observatory can develop gradually through accumulated infrastructure. Scientific discoveries
can become politically salient only after extended transmission through education and public culture.

A more rigorous historical model would therefore specify the temporal sequence connecting the
domains. Political demand can produce scientific infrastructure; scientific infrastructure can generate
new knowledge; new knowledge can alter technical capacity; technical capacity can change political
possibilities; political institutions can then reorganize around those new possibilities.

The central empirical question is whether such sequences can be reconstructed from historical evi-
dence rather than inferred retrospectively from conceptual similarity. Comparative process tracing across
several cases would help distinguish genuine reciprocal formation from coincidental parallel develop-
ment.

17.3 Political Appearance across Cosmological Regimes

The concept of political appearance developed in Section 7 also requires deeper historical testing. Future
work should examine how different cosmological environments influence what political order looks like
to historically situated subjects.

One research programme could compare sacred cosmological order, mathematical harmony, mechan-
ical regularity, statistical administration, cybernetic control, ecological interdependence, and contempo-
rary relational or networked imaginaries. The objective would be to identify how political aesthetics
change when different forms of scientific or cosmological order become culturally authoritative.

Such analysis should remain attentive to coexistence. Scientific rationality can coexist with sacred
symbolism. Bureaucratic regularity can coexist with nationalist mythology. Networked governance can
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coexist with hierarchical state institutions. Political appearance is therefore likely to be layered rather
than sequential.

A further question concerns the relation between aesthetic attraction and institutional adoption. Some
political forms can become appealing because they resonate with dominant images of order, while their
later practical performance diverges from that initial appearance. Historical analysis could therefore
compare the aesthetic conditions of adoption with the material relations generated after implementation.

17.4 Formal Development of Relational Order

The concept of relational invariance introduced in Section 8 remains philosophically useful but formally
underdeveloped. Future work could specify classes of transformations under which particular political
or institutional properties are preserved.

One direction concerns functional invariance. An institution can change legal form while preserv-
ing a coordination function. Another concerns relational invariance, where a pattern of dependence or
constraint persists despite changes in institutional components. A third concerns normative invariance,
where a political commitment remains stable across changing mechanisms of implementation.

Formal work should also examine the relation among invariance, symmetry, scale, and generativity.
Some forms of order remain stable through symmetry. Others depend upon structured asymmetry. Some
preserve higher-level functions while allowing lower-level relations to change continuously.

The challenge is to formalize these distinctions without reducing historically rich institutions to over-
simplified state variables. The value of formalization would lie in clarifying comparison, not in replacing
historical interpretation.

17.5 Multiscale Models of Political Order

Scale dependence is one of the recurring themes of the paper. Future work should develop more explicit
models of political order across individual, organizational, regional, national, international, and planetary
scales.

Such models could distinguish local stability from global stability, local generativity from aggregate
generativity, and local risk from system-wide risk. They could also identify cases in which higher-level
coordination depends upon transferring instability to lower levels.

This problem is especially relevant to orbital and planetary governance. A globally sustainable orbital
regime can still distribute operational costs very unevenly among actors. A planetary-defense strategy
can reduce aggregate risk while increasing exposure for one region. A lunar governance arrangement
can increase total scientific and economic activity while permanently reducing access to one exceptional
site.

A multiscale framework should therefore track both aggregate outcomes and the distribution of those
outcomes across relational positions.

17.6 Historical Recurrence across Plural Quotients

The quotient-sensitive account of recurrence developed in Section 9 opens a substantial formal and his-
toriographical research programme.

Future work could examine how several quotient spaces interact. One quotient can preserve consti-
tutional form, another administrative structure, another cosmological symbolism, another technological
infrastructure, and another distribution of political participation. Historical configurations can recur in
some of these spaces while diverging in others.

A useful formal development would be a recurrence profile describing the set of dimensions along
which continuity or return occurs. Such a profile could help explain disagreements among historical
interpretations that emphasize different levels of analysis.

The same method could be applied to astronomy. An observatory can recur institutionally while
its scientific methods transform. A traditional celestial symbol can recur culturally while its cosmolog-
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ical meaning changes. A calendar can recur ceremonially while operating within a different temporal
infrastructure.

Historical recurrence would then be represented as a multidimensional relation rather than a binary
judgment.

17.7 Astronomical Cycles and Philosophies of History

A separate historical-philosophical question concerns the influence of astronomical recurrence upon the-
ories of political and historical cycles.

Celestial cycles offer some of humanity’s most visible examples of return. Day and night, lunar
phases, seasons, eclipses, and planetary periods can make cyclical temporality intuitively compelling.
Future research could examine how these astronomical experiences interacted with historical theories of
rise, decline, restoration, and recurrence across different intellectual traditions.

Such work should distinguish metaphor from causal theory. Political cycles can be represented
through astronomical imagery without possessing the physical periodicity of celestial motion.

A comparative study could therefore ask when astronomical cycles function as explanatory models,
when they function as literary or aesthetic metaphors, and when they become embedded in actual political
practices such as calendrical legitimacy or ritual renewal.

17.8 Political Epistemology of the Common Present

The distinction between common coordinate time and common relational state developed in Section 10
deserves separate investigation.

Modern governance frequently aggregates evidence through common reporting periods, standardized
dates, synchronized databases, and common legal timelines. Such coordination is indispensable, while
the underlying systems can remain historically asynchronous.

Future research could examine heterochronic governance: decision making in which co-available
evidence represents different temporal states of the governed system. Administrative data, economic in-
dicators, conflict reports, environmental observations, and demographic statistics often possess different
collection and publication delays.

A rigorous political epistemology should therefore model the age, propagation path, and update fre-
quency of evidence alongside its substantive content. It should also examine how institutions act when
some evidence is current, some delayed, and some absent.

Astronomy provides a powerful conceptual reference because signal delay is explicitly incorporated
into interpretation. Political institutions could benefit from a similarly explicit treatment of evidentiary
time.

17.9 Distributed Observation and Political Objectivity

The relation between situated observation and objectivity forms another major research direction.
Astronomical knowledge frequently improves through the coordination of observations made from

different positions, instruments, and wavelengths. Political systems also contain distributed observers
whose epistemic access differs according to location and social role.

Future work could examine how political institutions combine central statistics, local observation,
expert analysis, testimony, and independent monitoring without forcing them prematurely into one ho-
mogeneous representation.

The central problem is the design of epistemic interfaces. Different evidence types require common
metadata concerning time, method, scale, uncertainty, and provenance. At the same time, the context
that gives local evidence meaning should not disappear during aggregation.

A theory of distributed political objectivity could therefore examine when diversity of perspective in-
creases knowledge, when it produces incompatible representations, and which institutional mechanisms
make translation possible.
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17.10 Scale-Aware Political Representation

Modern astronomy also suggests a more explicit research programme concerning scale transition.
Political institutions routinely move between individual, local, national, and global representations.

Aggregation enables large-scale decision making while necessarily suppressing lower-level information.
Future work should study the conditions under which such suppression becomes normatively prob-

lematic. A national average can remain useful for macroeconomic analysis while concealing severe
regional inequality. A global orbital-sustainability indicator can show improvement while particular
operators face increasing risk.

Scale-aware governance should therefore identify which relations must remain visible after aggre-
gation. This may require multilevel dashboards, uncertainty propagation, subgroup reporting, or preser-
vation of links between aggregate indicators and the lower-level observations from which they were
produced.

The broader conceptual problem concerns controlled information loss. Political representation be-
comes useful through abstraction, but justice can depend upon differences that abstraction removes.

17.11 Generativity as a Formal and Empirical Concept

Generativity requires more precise development if it is to move beyond philosophical orientation.
One research direction could distinguish several forms: epistemic generativity, institutional gener-

ativity, technological generativity, environmental generativity, and political generativity. Each would
require its own indicators.

Epistemic generativity could concern the diversity and depth of future questions an environment
can still support. Institutional generativity could concern the capacity to revise arrangements without
destroying core coordination. Environmental generativity could concern the persistence of conditions
supporting multiple future uses.

A second direction concerns negative generativity. Some systems generate increasing activity while
progressively reducing future options. Orbital congestion provides a possible example: activity can
expand rapidly while making later entry more difficult.

The empirical question is therefore not simply whether a system produces more. It is whether present
production reproduces or erodes the conditions of future production.

17.12 Operational Criteria for Generative Justice

Generative justice requires criteria capable of identifying when the conditions of future generation are
distributed unjustly.

Future research could examine several dimensions: effective access, reversibility, distribution of
risk, preservation of unique opportunities, corrective capacity, participation, and intergenerational option
value.

The framework should also distinguish between substitutable and non-substitutable capabilities. Loss
of one ordinary orbital opportunity may be compensated by another orbit or technology. Loss of a scien-
tifically unique lunar site can be much harder to substitute.

A mature theory would need methods for comparing gains in one dimension with irreversible losses
in another. Such comparison could remain partial rather than requiring complete optimization.

The most important contribution may be the identification of domination through future-option con-
trol. An actor can acquire disproportionate power where its present activity determines which possibili-
ties remain available to others later.

17.13 Normative Recognition of Unknown Environments

The problem of unknown value remains one of the most difficult issues in extraterrestrial ethics.
Future work should distinguish at least three cases. An environment can contain value already rec-

ognized by present institutions. It can contain value that exists but remains empirically undetected. It
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can contain relations whose significance becomes normatively recognizable only after conceptual devel-
opment.

The third category is especially important. Historical societies have repeatedly developed new con-
cepts through which previously normalized harms or neglected forms of value became visible. There is
little reason to assume that present extraterrestrial ethics exhausts the categories through which future
actors will evaluate celestial environments.

A theory of normative re-recognition could therefore examine which environmental traces, contexts,
and baselines should be preserved to allow later moral interpretation.

This research direction would connect planetary ethics with historiographical justice and the broader
philosophy of future knowability.

17.14 Extraterrestrial Life and the Expansion of Moral Community

Discovery of extraterrestrial life would create a major discontinuity in celestial ethics.
Current planetary-protection systems already treat potential biological contamination as scientifically

important. A confirmed extraterrestrial biosphere would raise additional questions concerning moral
status, non-interference, stewardship, scientific access, and the legitimacy of human intervention.

Future work should distinguish microbial life, complex ecosystems, and potentially intelligent ex-
traterrestrial subjects. The relevant ethical relations could differ substantially across these cases.

The present generative framework would also require revision. Preservation of generativity might
need to include the autonomous development of non-human extraterrestrial systems rather than only
human scientific and political capacities.

The strongest implications therefore cannot be settled in advance. A useful normative architecture
should preserve enough humility and institutional adaptability to respond to forms of life whose charac-
teristics could challenge present ethical categories.

17.15 Planetary Defense and Legitimate Risk Redistribution

Planetary defense requires further work on the legitimacy of intentionally redistributed risk.
Future research should examine decision rules for cases where deflection lowers global expected

harm while increasing conditional exposure for a particular region. It should distinguish risk created by
the natural trajectory from risk attributable to the chosen intervention.

Several unresolved questions follow. The weight assigned to populations inside a risk corridor re-
quires normative justification. Compensation can be relevant where residual harm is concentrated, but
some losses cannot be repaired financially. Emergency conditions can constrain participation while in-
creasing the need for prior procedural design.

Formal decision analysis could compare strategies across expected harm, variance, reversibility, ge-
ographic distribution, warning time, and corrective capacity.

The legal structure of responsibility for altered trajectories also deserves substantially deeper treat-
ment.

17.16 Orbital Capacity and Dynamic Allocation

The increasing density of orbital activity raises the question of how environmental capacity should be
defined and allocated.

Future research could attempt to estimate capacity through several dimensions: collision probability,
conjunction frequency, maneuver burden, debris persistence, re-entry effects, observation interference,
and operational resilience.

Capacity is unlikely to be fixed. Improved tracking, propulsion, coordination, and debris remediation
can increase usable capacity. Higher traffic can reduce it.

Allocation should therefore be dynamic.
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The normative problem concerns which actors receive additional access as scarcity increases and
which obligations accompany that access. Possible allocation mechanisms include first use, auctions,
administrative licensing, international coordination, use-it-or-lose-it rules, environmental performance
standards, and differentiated requirements based upon constellation size.

Each mechanism creates different distributions of access and incentives.

17.17 Protection of Lunar Scientific Environments

Lunar science provides an especially promising domain for developing site-specific environmental gov-
ernance.

Future work should identify the physical boundaries of scientifically exceptional environments, the
types of interference capable of degrading them, and the extent to which alternative sites can substitute
for them.

Scientific assessment would then need to interact with legal and political processes. Temporary pro-
tection, long-term scientific reserves, interference-control zones, and operational deconfliction represent
different institutional possibilities.

The relationship with non-appropriation requires careful legal analysis. Protection of a site’s scien-
tific function should be designed in ways that avoid transforming scientific importance into indefinite
territorial control.

This problem provides a concrete testing ground for the broader principle of preserving generative
scientific capacity.

17.18 Governance of Dark and Quiet Skies

The dark and quiet sky also deserves independent governance research because the affected resource
differs from ordinary orbital occupancy.

Optical and radio interference can propagate across large geographical areas. The affected interests
include professional astronomy, education, culture, aesthetic experience, and communities with histori-
cally specific relations to the night sky.

Future work should examine how mitigation costs should be distributed among satellite operators,
regulators, observatories, and users. It should also examine whether brightness and radio-interference
thresholds should operate as fixed limits, adaptive performance standards, or cumulative environmental
budgets.

The most difficult problem is likely to be cumulative regulation. A satellite satisfying an individual
standard can remain compatible with astronomy, while thousands of individually compliant satellites can
produce substantial aggregate interference.

Governance therefore requires environmental accounting at constellation and system levels as well
as spacecraft level.

17.19 Private Authority and Public Celestial Environments

The expanding capability of private firms raises a deeper question concerning the political effects of
technically private infrastructure.

A communications constellation can become globally significant infrastructure. A private operator
can possess detailed orbital information relevant to other actors. A commercial lunar mission can affect
a site of international scientific interest. A company can possess launch or mitigation capacity relevant
to collective security.

Future research should therefore examine when private technical capability becomes a form of public
infrastructural power.

The relevant questions concern transparency, supervision, interoperability, obligations to share safety-
relevant information, and the legitimacy of decisions that reshape environments used by actors outside
the contractual relationship of the firm.
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This research programme would connect space governance with broader political theories of infras-
tructure and private authority.

17.20 Celestial Governance across Unequal States

International space governance also requires a more developed theory of inequality among states.
States differ dramatically in launch capacity, scientific infrastructure, spectrum expertise, planetary-

defense capability, financial resources, and ability to participate continuously in technical negotiations.
Formal equality within international institutions can therefore coexist with large differences in prac-

tical influence.
Future work should examine capacity-building as a component of governance legitimacy. Participa-

tion in rule formation can require technical expertise that many states currently lack.
The same issue applies to future access. Early users can shape orbital and lunar environments in ways

that constrain later entrants. Equitable governance should therefore examine the relationship between
present capability and long-term institutional priority.

17.21 Historical Memory of Celestial Intervention

As human activity beyond Earth accumulates, celestial environments will increasingly contain historical
layers of intervention.

Future research should examine how these layers should be documented, classified, preserved, and
interpreted.

Mission archives can record technical interventions. Environmental baselines can document pre-
intervention states. Heritage designations can preserve historically significant artifacts. Scientific records
can identify contamination histories.

A mature celestial historiography may eventually need to reconstruct which environmental features
are natural, which are human-generated, and which emerged through interaction between the two.

The problem therefore connects space governance with the philosophy of history. Humanity is be-
ginning to create historical environments beyond Earth.

Preservation of this history can become scientifically and normatively important in its own right.

17.22 Empirical Evaluation of Polycentric Governance

The paper has repeatedly identified polycentric and interface-based governance as promising institutional
forms. This claim requires empirical evaluation.

Future research should compare existing governance domains such as radio-frequency coordination,
planetary protection, space-debris mitigation, conjunction assessment, international astronomy, and near-
Earth-object monitoring.

The comparison should examine which functions are handled effectively by distributed institutions
and which suffer from fragmentation.

Useful variables could include information latency, compliance, representation, adaptability, dispute
resolution, monitoring quality, participation costs, and the ability to respond to cumulative effects.

Such research could identify conditions under which polycentricity generates resilience and condi-
tions under which stronger central coordination becomes necessary.

The objective should be institutional diagnosis rather than ideological preference for decentralization.

17.23 Formal Models of Celestial Governance

Several problems developed in the paper could eventually support formal modeling.
Orbital sustainability can be studied as a dynamic system in which activity changes future environ-

mental capacity.
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Planetary defense can be represented through branching trajectories of risk, intervention, observation,
and correction.

Scientific-site governance can be modeled through competing uses with different degrees of substi-
tutability and irreversibility.

Intergenerational option value can be represented through sets of future actions preserved or elimi-
nated by present intervention.

Distributed observation can be modeled through partial observers whose information is integrated
through shared interfaces.

Such formalization could clarify trade-offs and hidden assumptions. It should remain connected to
physical and institutional reality. A mathematically elegant model of governance can becomemisleading
where its state variables suppress power, uncertainty, interpretation, or unequal capability.

Formal work should therefore proceed iteratively with empirical and historical research.

17.24 Astronomy and Politics as a Comparative Research Field

The most general open question concerns whether astronomy and politics can develop into a coherent
comparative field rather than remain a collection of historical episodes and contemporary space-policy
problems.

Thematerial examined in this paper suggests several recurring interfaces: celestial order and political
imagination, astronomical cycles and political time, navigation and spatial authority, observatories and
epistemic infrastructure, scientific standards and international coordination, modern astronomy and po-
litical epistemology, planetary intervention and environmental responsibility, and celestial environments
as objects of collective governance.

A mature field would need to preserve the differences among these interfaces while examining their
historical connections.

Its historical component would study how astronomy and political institutions co-evolved.
Its philosophical component would analyze how celestial knowledge changes concepts of order, cen-

ter, time, scale, and observation.
Its normative component would examine justice and responsibility in human intervention beyond

Earth.
Its governance component would study the institutions required to coordinate heterogeneous actors

within shared celestial environments.
Its formal component could develop relational models of recurrence, generativity, scale, and dis-

tributed observation.
Such a field would therefore be interdisciplinary by structure rather than by accumulation.

17.25 Research Programme for a Generative Politics of the Heavens

The open questions developed in this section can be organized into a longer-term programme concerned
with the generative politics of the heavens.

The historical programmewould reconstruct the reciprocal formation of astronomical knowledge and
political order across civilizations and periods. The conceptual programme would refine relational order,
scale dependence, political appearance, and quotient-dependent recurrence. The epistemic programme
would examine situated observation, heterogeneous evidence time, distributed knowledge, and multi-
scale representation. The institutional programme would compare governance architectures for orbital,
lunar, planetary, and astronomical environments. The normative programme would develop generative
justice, intergenerational responsibility, unknown value, and the ethics of irreversible intervention.

These programmes should remainmutually corrective. Historical cases can reveal categories missing
from the current framework. Formal models can expose ambiguity in philosophical concepts. Scientific
evidence can constrain normative proposals. Legal practice can reveal where institutional design encoun-
ters jurisdictional limits. Future space activity can generate problems that none of the present categories
anticipates.
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The research programme therefore shares the structure attributed throughout the paper to astronomy
and politics themselves. Knowledge changes capacity, capacity generates new relations, new relations
produce new political problems, and those problems require new forms of knowledge.

The final discussion returns to the broader significance of this reciprocal history. It considers what
astronomy contributes to political thought when celestial knowledge is treated neither as a source of polit-
ical commandments nor as a merely decorative metaphor, but as one historically important field through
which humanity has repeatedly learned to represent order, construct common coordinates, confront the
limits of observation, and assume responsibility for environments that its knowledge increasingly enables
it to transform.

18 Implications for Political Thought and Celestial Governance

This section synthesizes the broader implications of the historical, philosophical, and institutional anal-
yses developed throughout the paper. Its role is to show how the apparently heterogeneous materials
considered here—ancient celestial symbolism, calendars, navigation, observatories, standards, modern
cosmology, planetary protection, planetary defense, orbital sustainability, and lunar governance—belong
to one reciprocal history. The discussion proceeds through the transformation of celestial order into po-
litical intelligibility, the infrastructural production of common time and space, the epistemic lessons
of modern astronomy, the transition from observation to intervention, and the emergence of celestial
responsibility. The central implication is that astronomy contributes to political thought most produc-
tively when it is treated neither as a source of direct institutional prescriptions nor as a merely decorative
metaphor. Its deeper significance lies in the historical relations through which humans have learned
to imagine order, construct common reference systems, coordinate heterogeneous activity, confront the
limits of situated observation, and govern environments that scientific knowledge increasingly makes
actionable.

18.1 Astronomy as a Historical Resource for Political Thought

The history reconstructed in this paper demonstrates that astronomy has repeatedly entered political life
through several distinct pathways. Celestial phenomena have contributed to political symbolism and
legitimacy; astronomical cycles have supported calendrical authority; observational knowledge has con-
tributed to navigation and spatial administration; observatories have become institutional centers of mea-
surement and standardization; and astronomical organizations have provided infrastructures for transna-
tional scientific coordination.

These pathways should remain analytically differentiated. A celestial metaphor used in political phi-
losophy differs from an observatory funded for navigation. A calendar used to coordinate administration
differs from a cosmological symbol associated with kingship. A time standard differs from a theory of
political legitimacy. The significance of astronomy lies partly in the fact that these different relations
can coexist and reinforce one another.

The political history of astronomy therefore cannot be reduced to a history of ideas. It is also a his-
tory of institutions, standards, infrastructures, labor, instruments, archives, navigation, and international
coordination. Political imagination and material organization develop together.

This combination gives astronomy unusual historical importance. Few domains join visible cosmic
order, mathematical representation, practical coordination, institutional continuity, and philosophical re-
flection so persistently across long periods of political history.

Astronomy consequently provides a field in which several dimensions of political order can be stud-
ied together: legitimacy, coordination, knowledge, representation, infrastructure, authority, and respon-
sibility.
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18.2 Political Order as Coordinated Relation

One of the strongest implications of the paper concerns the meaning of political order. The historical
cases repeatedly show that large-scale order can emerge through coordination among heterogeneous
actors rather than through complete uniformity or one commanding center.

Calendars coordinate activities without determining their substantive purposes. Standard time con-
nects transport, communication, commerce, and administration without making those systems identi-
cal. Meridians provide common spatial reference while preserving geographical difference. Scientific
standards allow observatories to compare data while retaining different instruments and institutional
structures. International astronomical organizations connect national communities without abolishing
national institutions.

These examples support a relational conception of political order. Order consists partly in the main-
tenance of interfaces through which differences become mutually intelligible and practically compatible.

This conception complicates both hierarchical and radically decentralized political imaginaries. Cen-
tralization can be useful where one reference, decision, or standard must be maintained consistently. Dis-
tributed organization can be useful where local knowledge, differentiated functions, or resilience matter.
The relevant political question concerns which relations require common coordination and which can
remain internally heterogeneous.

Astronomical institutions provide historical evidence that these arrangements can coexist. A system
can possess central standards and distributed observation. It can possess authoritative reference systems
and plural institutional actors. It can preserve common coordinates while allowing substantial local
autonomy.

The political implication is therefore architectural rather than ideological. Effective order depends
upon the design of relations among differentiated components.

18.3 The Political Production of Common Time and Space

The histories of calendars, clocks, meridians, navigation, and mapping reveal that common political time
and space are infrastructural achievements.

Political systems routinely operate as though dates, coordinates, distances, deadlines, and synchro-
nized moments were neutral backgrounds. The historical analysis developed here shows that such com-
mon references depend upon astronomical observation, calculation, instruments, communication sys-
tems, legal adoption, and institutional trust.

Common time enables actors in different locations to coordinate events through one temporal inter-
face. Common spatial reference allows actors to represent geographical difference through interoperable
coordinates. These infrastructures dramatically expand the scale of political action.

They also reveal the political character of standardization. A standard makes some relations easier
to coordinate by reducing ambiguity. The same standard can marginalize local practices or conceal
dimensions excluded from the common representation.

Political standardization should therefore be evaluated through both capability and loss. It generates
interoperability while quotienting out some differences.

This structure connects the institutional history of astronomy with the later philosophical analysis of
scale and recurrence. Political representation always preserves some relations more strongly than others.

A common coordinate is therefore powerful precisely because it is selective.

18.4 Scientific Rationality and the Historicity of Political Appearance

The paper also complicates the relation between scientific rationality and political legitimacy.
Mathematical precision, prediction, standardization, regularity, and formal consistency can become

politically attractive because scientific practice has taught societies to recognize these qualities as signs
of disciplined knowledge. Bureaucratic order can consequently acquire an aesthetic resemblance to sci-
entific order.
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This historical process should neither be dismissed nor treated as self-justifying. Measurement, stan-
dardization, and formal procedure can genuinely improve political coordination. They can reduce arbi-
trariness, improve transparency, and make complex systems manageable.

Their aesthetic authority can nevertheless exceed their normative adequacy. An institution can appear
rational because it is measurable while omitting variables that matter for justice. A political system
can appear orderly because its categories are standardized while the standardization suppresses relevant
differences.

The same caution applies to contemporary relational imaginaries. Networks, emergence, adaptability,
polycentricity, and generativity can appear especially sophisticated within an intellectual environment
shaped by complexity science, ecology, computation, and modern physics. Their attractiveness therefore
requires reflexive examination.

The historically responsible position is neither rejection of scientific political reason nor celebration
of whichever scientific metaphor is newest. It is recognition that forms of political intelligibility are
historically generated and must remain normatively answerable to the relations they produce.

18.5 Modern Astronomy and the Discipline of Situated Knowledge

Modern astronomy contributes a secondmajor implication through the explicit treatment of observational
position.

Reference frames, finite signal propagation, scale dependence, and distributed observation make it
difficult to imagine scientific knowledge as the view from nowhere. Observation remains situated while
scientific objectivity is preserved through disciplined relations among observations.

This structure offers a valuable philosophical model for political epistemology.
Political institutions also observe from positions. Central governments see aggregates. Local institu-

tions see fine-grained consequences. Individuals encounter direct experience. International institutions
see comparative patterns. Scientific organizations can identify mechanisms hidden from ordinary admin-
istration.

No single perspective is automatically sufficient.
The political lesson is therefore not perspectival relativism. It is structured epistemic pluralism.
Different observations can be evaluated, compared, corrected, and integrated while their positional

origin remains visible.
Such a model also changes the ideal of political objectivity. Objectivity need not require removal

of every perspective. It can emerge through procedures that make perspectives comparable, preserve
provenance, identify uncertainty, and expose representations to correction.

Astronomical practice provides a particularly disciplined example because observational position is
treated as part of the data-generating process rather than as an embarrassing contamination to be ignored.

18.6 The Common Present as Institutional Achievement

The distinction between coordinate simultaneity and relational contemporaneity has further implications
for political governance.

Modern states and international institutions possess extraordinary capacities to synchronize activities.
Laws can enter into force at one moment. markets can open according to common clocks. global datasets
can be organized by common reporting years. emergency systems can operate through synchronized
communication networks.

This achievement can create the impression that the systems being governed inhabit one common
historical present.

They often do not.
Institutions change at different rates. Social expectations retain different historical memories. Ad-

ministrative capacities remain uneven. Technological systems evolve asynchronously. Evidence con-
cerning different processes arrives with different delays.

The common political present is therefore best understood as a coordination layer.
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It allows heterogeneous systems to interact through common temporal references while leaving their
internal histories different.

This distinction has practical consequences for institutional transfer and comparative policy. A re-
form introduced in two societies during the same year can encounter substantially different generative
conditions. A dataset comparing states during one reporting period can combine evidence generated
through very different institutional rhythms.

Political synchronization should therefore be distinguished from historical synchronization.
Astronomy helps make this difference conceptually vivid because observations received together can

describe different source times.

18.7 From Epistemic Humility to Institutional Design

The paper’s epistemic argument becomes politically significant when humility is translated into institu-
tional form.

An institution that recognizes incomplete knowledge should preserve mechanisms for distributed
observation. It should retain provenance and uncertainty. It should permit challenge by actors occupying
positions weakly represented in the central model. It should monitor consequences after action. It should
revise standards when generated evidence changes the grounds of earlier decisions.

Humility therefore concerns institutional architecture rather than personal modesty.
A government can act decisively while recognizing the incompleteness of its evidence.
A scientific organization can maintain authoritative standards while preserving procedures for revi-

sion.
A planetary-defense institution can prepare for interventionwhile continuing to update the probability

distribution.
A planetary-protection regime can impose rules while remaining responsive to new biological and

environmental knowledge.
The resulting institutional ideal combines commitment with corrigibility.
This orientation also prevents uncertainty from becoming a universal argument for delay. Incomplete

knowledge can justify monitoring, staging, precaution, or reversible experimentation. It can also justify
timely intervention where delay itself produces irreversible risk.

The political value lies in matching the form of commitment to the epistemic and physical structure
of the problem.

18.8 The Reversal from Celestial Order to Celestial Responsibility

The most important historical transformation developed in the later sections is a reversal in the direction
of political relation.

Earlier societies often looked to the heavens in order to interpret terrestrial order. Celestial regularity
provided symbols, calendars, orientation, and cosmological legitimacy.

Modern political institutions increasingly created the infrastructures required to observe the heav-
ens precisely. States funded observatories, navigation programmes, surveys, standards, missions, and
international scientific organizations.

The accumulated result is technological capability.
Human beings can now alter celestial environments.
This capability transforms astronomy into an object of governance.
Planetary protection governs contamination.
Planetary defense governs deliberate trajectory modification.
Orbital sustainability governs the cumulative conditions of near-Earth use.
Dark-and-quiet-sky initiatives govern the human-made environment through which astronomy itself

remains possible.
Lunar governance increasingly concerns scientific sites, operations, heritage, resources, and environ-

mental effects.
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The heavens therefore move from political reference to political responsibility.
Humanity has not acquired sovereignty over astronomical reality. It has acquired enough causal

power to become responsible for some of the relations through which celestial environments are encoun-
tered.

18.9 Scientific Knowledge as a Source of Political Responsibility

Scientific knowledge creates political responsibility where knowledge makes intervention possible.
A society unable to detect a hazardous asteroid cannot organize a deflection mission.
A society capable of detecting and altering its trajectory faces a new decision problem.
A society unable to detect biological contamination cannot regulate it effectively.
A society capable of identifying contamination pathways acquires reasons to govern them.
A society unable to alter the night sky through orbital infrastructure does not face the same responsi-

bility for astronomical interference as one capable of deploying thousands of satellites.
Knowledge therefore changes the normative landscape because it changes the field of possible action.
This principle complicates a conventional separation between descriptive science and normative pol-

itics.
Scientific propositions remain descriptive.
The capabilities generated through scientific knowledge create new objects of political responsibility.
The normative relation emerges through capacity.
Where knowledge creates the ability to prevent, cause, redistribute, or monitor consequential change,

institutions must determine how that capability should be governed.
Astronomy thus becomes politically important not only because of what it reveals about the universe

but also because of what that knowledge enables humans to do within it.

18.10 Intervention and the Production of Future Evidence

Planetary protection and cumulative celestial activity reveal another important implication: political
action can change the evidentiary environment.

This problem is especially clear in contamination. Human material introduced into an extraterrestrial
environment can complicate later attempts to identify indigenous biological or chemical processes.

The same structure appears more broadly.
Lunar excavation can remove geological evidence.
Satellite constellations can change observational conditions.
Orbital debris can limit future scientific and operational missions.
Infrastructure can change the baseline against which later environmental processes are measured.
Political action therefore participates in producing the evidence available to future science.
This relation creates an epistemic dimension of environmental responsibility.
An intervention should sometimes be evaluated partly through the knowledge it makes impossible.
This idea is stronger than ordinary preservation of data. The relevant object can be the physical

relation from which future data would have been generated.
Environmental integrity can therefore function as epistemic infrastructure.
The preservation of selected environments becomes part of the preservation of future scientific pos-

sibility.

18.11 Generativity and the Evaluation of Celestial Development

The concept of generativity provides a way to integrate these historical and contemporary problems.
A good celestial-governance arrangement should support continued production of knowledge, capa-

bility, cooperation, and future options.
This criterion favors neither maximal intervention nor maximal preservation.
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An untouched environment can preserve scientific potential while generating little present knowl-
edge.

An intensively used environment can generate substantial current capability while exhausting future
options.

The relevant judgment concerns the trajectory.
This is why generativity must be paired with justice. A highly productive celestial system can remain

unjust where capability is concentrated, burdens are externalized, or future entrants inherit severely re-
duced opportunity.

Generative justice therefore evaluates who gains the capacity to act, who retains the capacity to learn,
who bears the risk of intervention, and whose future options are foreclosed.

The framework remains deliberately incomplete as a substantive theory of distribution.
Its contribution lies in shifting attention from the amount of present activity toward the reproduction

of future capability.

18.12 Celestial Governance as Governance of Relations

The phrase governance of the heavens can easily suggest a scope of authority that humans do not possess.
The political object considered in this paper is more limited and more precise.
Celestial governance concerns human relations with celestial environments.
It governs launch decisions, contamination pathways, orbital conduct, spectrum use, deflection mis-

sions, environmental interference, scientific sites, and the institutional standards through which these
activities become coordinated.

The governed relation therefore has several components: actors, technologies, environments, knowl-
edge, legal rules, future possibilities, and affected communities.

The environment is not merely passive background. Its physical properties constrain which political
arrangements are feasible.

The institutions do not simply impose order upon nature. They organize human interactions under
those physical constraints.

This distinction is important because it resists both technological triumphalism and political abstrac-
tion.

Humanity cannot govern celestial dynamics as though they were ordinary administrative objects.
It can govern its own participation in those dynamics.

18.13 Polycentricity without Institutional Romanticism

The paper has repeatedly identified polycentric and interface-based governance as promising structures
for celestial activity. This conclusion should remain qualified.

Distributed governance fits many features of the problem. Scientific knowledge is distributed. States
retain legal authority. Private actors possess capabilities. International organizations coordinate stan-
dards. Environmental effects occur at several scales.

Polycentricity therefore allows institutional functions to remain differentiated.
Its value is conditional.
Fragmented authority can produce regulatory gaps.
Weak coordination can permit cumulative externalities.
Powerful actors can exploit differences among jurisdictions.
Voluntary standards can remain ineffective where incentives for compliance are weak.
Emergency situations can require rapid authoritative decision.
The preferred institutional architecture should therefore be determined by the structure of the relation

being governed.
Some functions benefit from distributed observation.
Some require common standards.
Some require binding minimum rules.
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Some require centralized emergency authority.
The paper’s commitment is to functional differentiation and justified coordination, not to decentral-

ization as a universal norm.

18.14 Astronomy and the Formation of Planetary Political Subjects

Astronomy also contributes to the formation of political subjects at scales exceeding the state.
Planetary defense makes Earth itself an object of collective vulnerability.
Orbital sustainability makes near-Earth space an environment upon which many societies depend.
Planetary protection treats extraterrestrial environments as objects of common scientific concern.
Astronomical observation produces knowledgewhose significance frequently exceeds national bound-

aries.
These relations contribute to the political intelligibility of humanity as a collective subject.
The subject remains institutionally incomplete.
Humanity does not possess one comprehensive representative institution.
Its interests are articulated through states, international organizations, scientific communities, firms,

civil society, and affected populations.
The significance of celestial governance lies partly in the fact that planetary problems generate pres-

sures for these heterogeneous institutions to act in relation to one common object.
Planetary political subjectivity therefore emerges through shared relations rather than through one

prior constitutional act.
This structure is compatible with the Generative Relational account developed throughout the paper.
Political subjects can become real through stable causal and normative relations before they become

fully institutionalized as unitary actors.

18.15 Political Humility at Planetary Scale

The larger the spatial and temporal scale of action becomes, the more important political humility be-
comes.

Humanity possesses increasing power over environments it understands incompletely.
Long-term orbital outcomes remain uncertain.
The future scientific value of lunar sites remains partly unknown.
The biological status of extraterrestrial environments can remain uncertain.
Planetary-defense intervention can occur under uncertain physical parameters and changing impact

probabilities.
Humility at this scale means recognizing the mismatch between causal capability and epistemic com-

pleteness.
It does not imply retreat from action.
The same technological capability that creates risk can support exploration, communication, science,

and planetary protection.
The political challenge is to design action so that learning remains possible after intervention.
Monitoring, staged commitment, environmental baselines, independent observation, reversible mea-

sures, periodic review, and preserved decision records become instruments of planetary humility.
Humility therefore becomes a property of governance design.

18.16 Historical Continuity across the Astronomy–Politics Relation

The historical and contemporary parts of this paper can now be connected more directly.
Ancient calendrical governance and contemporary orbital sustainability appear very different. Their

institutional forms, scientific knowledge, legal systems, and technical capacities differ profoundly.
A deeper continuity nevertheless exists.
Both concern the political organization of relations through celestial knowledge.
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Calendars translated astronomical cycles into collective temporal coordination.
Navigation translated astronomical observations into spatial mobility.
Observatories translated repeated measurements into institutional knowledge.
Standards translated heterogeneous observations into interoperable systems.
Planetary protection translates planetary science into constraints on intervention.
Planetary defense translates orbital prediction into collective security decisions.
Orbital and lunar governance translate accumulated space capability into rules for shared environ-

mental use.
The common structure is therefore a continuing conversion among celestial knowledge, political

capacity, and institutional order.
The content of that conversion changes historically.
Its recurrence gives the astronomy–politics relation its long duration.

18.17 The Reciprocal History of Knowledge, Capacity, and Responsibility

The paper’s central historical argument can be condensed into a recursive sequence.
Celestial environments generate observable regularities.
Human societies interpret those regularities through historically specific cosmologies and political

imaginaries.
Political institutions organize observation, calculation, archives, standards, and scientific infrastruc-

ture.
These institutions generate more powerful astronomical knowledge.
Knowledge expands navigational, administrative, scientific, and technological capability.
Capability creates new forms of intervention.
Intervention changes celestial and terrestrial relations.
Changed relations create new political responsibilities.
Responsibility generates new institutions of monitoring, coordination, law, and ethical reflection.
These institutions become part of the conditions through which later knowledge and capability de-

velop.
The sequence is neither linear nor universal.
Its components appear with different strengths in different historical settings.
Its analytical value lies in showing how politics and astronomy repeatedly become part of one an-

other’s conditions of development.

18.18 Integrated Contribution of the Inquiry

The paper’s contributions become clearest when considered together.
The history of celestial political imagination shows that astronomical order becomes politically mean-

ingful through interpretation rather than direct physical prescription.
The history of calendars and standard time shows that common political temporality is infrastruc-

turally constructed.
The history of navigation and mapping shows how astronomical knowledge expands spatial political

capacity.
The history of observatories and standards shows how scientific knowledge becomes durable through

institutions and interfaces.
The co-evolutionary account shows that political order and astronomical knowledge can recursively

alter one another’s conditions of development.
The analysis of political appearance shows that sacred, scientific, bureaucratic, and relational forms

of order are historically situated and can coexist.
The account of relational invariants separates recurring properties of coordination from historically

specific manifestations of order.
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The quotient-sensitive theory of recurrence explains how historical forms can return at one level
while remaining transformed at another.

Modern astronomy introduces conceptual resources for political reflection concerning situated ob-
servation, common time, scale, and epistemic incompleteness.

Planetary protection demonstrates that intervention can alter future evidence.
Planetary defense demonstrates that astronomical intervention creates problems of authority and risk

redistribution.
Orbital and lunar governance demonstrate that cumulative activity can transform shared environmen-

tal capacity.
The institutional analysis shows that celestial governance requires differentiated but interoperable

forms of authority.
The normative analysis adds generative justice as a way of evaluating how future capability and

option space are distributed.
Taken together, these arguments support a conception of astronomy and politics as a reciprocal his-

torical relation whose contemporary phase is increasingly normative.

18.19 Toward a Politics Worthy of Astronomical Scale

Astronomy has repeatedly expanded the spatial and temporal horizons within which human beings un-
derstand themselves.

Political institutions have often responded by increasing their capacity to coordinate.
Calendars coordinated seasons and ritual time.
Navigation coordinated movement across oceans.
Standard time coordinated industrial and communication networks.
International astronomy coordinated observations across states.
Contemporary space activity now requires coordination across planetary environments and genera-

tions.
The enlargement of physical scale does not automatically produce enlargement of political wisdom.
Technological capacity can grow faster than institutional capacity.
The ability to act at planetary scale can coexist with governance organized around short electoral

cycles, fragmented jurisdictions, commercial competition, and incomplete environmental knowledge.
The normative challenge is therefore asymmetrical.
Humanity need not construct political institutions as large or centralized as the astronomical systems

it studies.
It needs institutions capable of assuming responsibility for the scale of the relations human activity

can now generate.
A politics adequate to astronomical scale would therefore be defined less by grandeur than by co-

ordination, epistemic humility, long temporal horizons, distributional awareness, preservation of future
options, and capacity for revision.

The concluding section returns to this historical transformation in its most concise form. It considers
how humanity’s changing relation with the heavens moves from interpretation, through measurement
and coordination, toward intervention and responsibility, and why this transformation makes astronomy
an enduring resource for political thought.

19 Conclusion: From Celestial Order to Celestial Responsibility

This paper has examined astronomy and politics as participants in a long reciprocal history. The rela-
tion begins with celestial observation but does not end there. Astronomical phenomena have contributed
to political imagination, legitimacy, calendrical authority, navigation, spatial representation, standards,
and scientific institutions. Political orders have in turn organized the resources, offices, observatories,
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archives, infrastructures, and international arrangements through which celestial knowledge became in-
creasingly precise. Contemporary space activity adds a further transformation: the knowledge generated
through this history now enables human institutions to intervene materially in celestial environments.
The political meaning of astronomy therefore develops from interpretation, through coordination and
knowledge production, toward responsibility.

The earliest relations considered in this paper concerned the political intelligibility of celestial order.
The visible heavens offered regularity, centrality, cyclicality, scale, orientation, and apparent persistence.
These features entered historically specific systems of interpretation through which political authority
could become associated with cosmic correspondence, stable centers, sacred order, prognosis, or conti-
nuity. The political significance of such representations never followed automatically from astronomical
phenomena themselves. Celestial structures became politically meaningful through mediation by ritual,
institutions, language, philosophy, aesthetics, and historically available concepts of authority.

This distinction between physical structure and political interpretation remained essential throughout
the inquiry. Astronomy can influence political imagination without supplying political prescriptions. A
celestial center does not establish the legitimacy of a political center. Astronomical recurrence does
not establish that political history is cyclical. Relativity does not entail moral relativism. Distributed
astronomical observation does not by itself justify any particular constitutional architecture. The value
of astronomy for political thought lies more often in the distinctions it makes visible than in institutional
rules that could be transferred directly from physics.

The history of calendars revealed a different andmorematerial relation. Celestial regularities became
political time when observation, calculation, promulgation, administration, and social practice translated
astronomical cycles into shared temporal systems. A calendar therefore joined physical recurrence with
political authority. Later developments in precision timekeeping, observatory practice, telegraphy, rail-
ways, and international standardization transformed this relation further. Common political time became
an infrastructural achievement.

The same historical pattern appeared in the spatial domain. Astronomical observation supported
orientation, navigation, longitude determination, mapping, and surveying. These practices contributed
to the expansion of maritime mobility, geographical representation, state administration, and imperial
reach. Astronomical knowledge thereby entered the political construction of space through instruments,
tables, maps, coordinate systems, institutions, and standards.

The histories of time and space together support one of the paper’s principal conceptual claims: large-
scale political coordination often depends upon common interfaces rather than complete internal unifor-
mity. Calendars, clocks, meridians, catalogues, and measurement standards allow heterogeneous actors
to coordinate through selected shared references. The systems connected through these interfaces can
remain internally different. Political order can therefore emerge through structured interoperability.

Observatories and international scientific institutions deepened this pattern. They preserved observa-
tions across generations, standardized procedures, distributed authoritative references, coordinated geo-
graphically separated observers, and maintained archives through which earlier measurements remained
scientifically usable. Their importance lies partly in demonstrating that knowledge itself requires insti-
tutional continuity. Astronomical objectivity is generated through relations among situated observers,
instruments, standards, archives, and procedures rather than through access to one positionless observa-
tional standpoint.

The paper described this reciprocal history through the concept of co-evolution. Political institutions
shape the conditions of astronomical knowledge, while astronomical knowledge alters the symbolic,
epistemic, and technological environments within which political institutions operate. The relation re-
mains historically asymmetric, mechanism-dependent, and temporally uneven. Co-evolution therefore
does not describe a universal law linking cosmology to political form. It describes recurrent feedback
through identifiable interfaces such as calendrical authority, navigation, scientific patronage, standard-
ization, communication infrastructure, and space governance.

The concept of political appearance added an interpretive dimension to this history. Different his-
torical environments make different forms of order appear especially harmonious, rational, legitimate,
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modern, or desirable. Sacred correspondence, mathematical harmony, scientific regularity, bureaucratic
standardization, and contemporary relational or networked forms can all become aesthetically and polit-
ically salient under different conditions. These modes of appearance can coexist and recombine rather
than replacing one another through one necessary sequence.

This historicity also applies to contemporary political thought. Relationality, emergence, adaptabil-
ity, networks, and polycentric organization possess considerable present intellectual appeal. Their at-
tractiveness can partly reflect an environment shaped by modern science, computation, ecology, and
distributed technological systems. They therefore require independent normative justification. A re-
lational political form is not superior merely because contemporary scientific culture makes relational
order appear sophisticated.

The analysis of relational invariants was intended to preserve the possibility of comparison across
these changing forms. Order need not possess one permanent manifestation. More general relational
properties can sometimes persist across institutional transformations: constraint, coordination, regular-
ity, persistence, interoperability, and generative capacity. These properties remain scale-dependent and
normatively incomplete. Their value lies in allowing historians and political theorists to distinguish
continuity of function or relation from continuity of visible form.

The same distinction made possible a more precise account of historical recurrence. Political his-
tory rarely returns to an earlier relational configuration in every relevant respect. Institutions, sym-
bols, or forms can nevertheless recur under selected criteria. Historical recurrence is therefore quotient-
dependent. A later configuration can belong to the same symbolic, constitutional, administrative, or
institutional class as an earlier one while remaining substantially transformed economically, technologi-
cally, scientifically, or geopolitically. History can recur in appearance without returning in full relational
structure.

Modern astronomy introduced a second major philosophical transformation. The absence of a privi-
leged cosmic center, the role of reference frames, the relativity of simultaneity, finite signal propagation,
heterogeneous observational times, distributed observation, and scale-dependent description complicate
several intuitions that political systems can otherwise take for granted.

The political significance of these ideas remains analogical rather than deductive. Their contribu-
tion lies in making hidden assumptions visible. A coordinating center need not possess an exhaustive
perspective. A common clock does not imply a common social state. Evidence available during one
decision can describe processes belonging to different earlier moments. Aggregation can increase scale
while suppressing locally relevant relations. Different observers can possess different but valid access
to one system.

These distinctions support a political epistemology of situated knowledge. Political objectivity need
not require one institution to see everything. It can emerge through disciplined relations among dis-
tributed observations, common metadata, explicit uncertainty, independent verification, scale-sensitive
representation, and procedures for correction. Epistemic humility therefore becomes compatible with
decisive institutional action.

The contemporary history of space activity transforms these epistemic insights into normative prob-
lems. Humanity increasingly acts upon environments that it understands incompletely. Planetary pro-
tection shows that intervention can change the evidentiary conditions of future science. Contamination
can make later biological or chemical signals more difficult to interpret. Preservation of environmental
integrity can therefore function as preservation of future knowability.

Planetary defense sharpens the political stakes further. Astronomical prediction can now support
deliberate modification of a celestial trajectory. Once intervention begins, part of the resulting risk distri-
bution becomes connected to human decision. Collective protection therefore raises questions of author-
ity, representation, uncertainty, residual risk, corrective capacity, and responsibility for consequences
generated through intervention.

Orbital and lunar governance introduce a slower but equally important transformation. Repeated
human activities accumulate. Individually lawful or beneficial actions can collectively change environ-
mental capacity. Congestion, debris, satellite interference, radio-frequency use, lunar activity, and oc-
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cupation of scientifically exceptional sites reveal that celestial environments can become scarce through
relations among users rather than through simple territorial shortage.

These developments require governance at the level of cumulative trajectories. Mission-level compli-
ance remains important but can become insufficient where many individually acceptable actions jointly
produce an undesirable system-level state. Monitoring, aggregate environmental assessment, adaptive
standards, information sharing, and international coordination therefore become central institutional func-
tions.

The paper has described the resulting architecture through polycentric and interface-based gover-
nance. This is not a proposal for one universal celestial authority. Different functions belong to different
institutions. States retain legal responsibilities. Scientific bodies produce standards and assessments.
International organizations provide coordination. Private actors possess operational capability. Profes-
sional communities preserve specialized knowledge. A workable architecture connects these institutions
where their activities create shared effects.

Such polycentricity should remain instrumental rather than ideological. Some functions require dis-
tributed observation. Others require common standards. Some require binding regulation. Emergency
planetary defense can require clearly designated authority. The institutional form should follow the
structure of the relation being governed.

The normative synthesis developed through the concept of generative justice. Celestial environments
matter partly because they support future knowledge, capabilities, uses, and relations. Present activity
should therefore be evaluated not only through immediate benefit but also through the field of possibili-
ties it produces or forecloses.

Generativity alone remains insufficient. A system can generate enormous activity while concen-
trating access, distributing risk unfairly, or exhausting future options. Generative justice therefore asks
how the conditions of future generation are distributed. It concerns who can continue to observe, act,
participate, learn, and develop after present interventions have changed the environment.

This perspective also gives intergenerational responsibility a concrete form. Future actors cannot
participate directly in present governance, but present institutions can preserve environmental capacity,
scientific sites, observational conditions, archives, baselines, and opportunities for later participation.
Such preservation should not attempt to determine the detailed preferences of future generations. Its
purpose is more modest: to avoid unnecessarily removing their capacity to choose.

The same principle applies where value remains unknown. Present actors can encounter environ-
ments whose scientific or normative significance has not yet become visible. Irreversible transformation
under such conditions creates a risk of destroying the object before the concepts or instruments required
to recognize its significance have developed. Preservation of recognizability therefore provides a reason
for restraint even where a complete extraterrestrial environmental ethic remains unavailable.

The historical trajectory of the paper can consequently be expressed as a transformation in the di-
rection of responsibility. Human communities once looked toward the heavens for representations of
order. Political institutions then organized the means through which those heavens could be measured.
Measurement generated increasingly precise knowledge. Knowledge expanded technological capacity.
Capacity created intervention. Intervention now requires governance of the relations that human activity
generates in celestial environments.

This transformation does not imply that humanity has become sovereign over the cosmos. The phys-
ical scale of astronomical reality remains overwhelmingly beyond human control. Political authority
concerns a much smaller domain: human actions, infrastructures, risks, standards, and environmental
consequences within the celestial environments that technological capability can now affect.

The distinction is important because it replaces a politics of cosmic mastery with a politics of rela-
tional responsibility. Human beings govern neither the universe nor the fundamental laws through which
it develops. They increasingly govern the consequences of their own participation within parts of it.

Astronomy therefore remains politically significant in two senses. Historically, it has supplied knowl-
edge, symbols, temporal systems, spatial infrastructures, standards, and institutions through which po-
litical order developed. Philosophically, it continues to expose assumptions concerning center, time,
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observation, scale, recurrence, and the limits of knowledge. Contemporary space activity adds a third
dimension: astronomy increasingly creates conditions under which political and ethical responsibility
extend beyond Earth.

The resulting orientation is one of committed celestial fallibilism. Exploration should proceed be-
cause knowledge and capability possess genuine value. Intervention should remain responsive to uncer-
tainty because the environments being altered are incompletely understood. Institutions should preserve
corrective capacity where feasible. Shared environments should be governed with attention to cumula-
tive effects. Scientific and political authority should remain differentiated but connected. Future access
and future recognizability should enter present decisions before their loss becomes irreversible.

The long relation between astronomy and politics can therefore be understood as a movement from
seeing order, to constructing coordinates, to generating knowledge, to acquiring capacity, and finally to
assuming responsibility for what that capacity makes possible.

The heavens no longer function only as a distant background against which human political orders
imagine themselves. They have become part of the relational field within which human institutions act.
A politics adequate to this transformation requires neither imitation of celestial mechanics nor projec-
tion of terrestrial sovereignty across the cosmos. It requires institutions capable of knowing their own
limits, coordinating across difference, preserving future possibility, and governing the consequences of
humanity’s expanding participation in the astronomical world.
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