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Abstract:

Contemporary civilisation faces accelerating ecological, institutional, and economic instability
despite unprecedented data, technology, and sustainability interventions. This paper argues that
a neglected but fundamental driver of these crises is a structural misalignment between human
operational time and natural regenerative time. Modern systems treat time as a neutral and
infinitely compressible parameter, while ecological regeneration remains biologically and
thermodynamically constrained. Drawing on comparative civilisational analysis, the paper
shows that inherited global time architectures are fragmented remnants of earlier integrated
systems, stripped of their regulating function. This temporal fragmentation produces systematic
compression of decision, production, and extraction cycles, progressively driving societies out
of phase with natural regenerative processes. To formalise this diagnosis, the paper introduces
the Temporal Misalignment Hypothesis (TMH) and the Civilisational Sustainability Ratio
(CSR), a rate-based diagnostic expressing the relationship between regenerative and
operational timescales. CSR reframes sustainability as a condition of temporal coherence rather
than efficiency or scale. The analysis suggests that civilisational instability and eventual
collapse emerge when operational acceleration persistently exceeds regenerative capacity,
regardless of intent or awareness. The resulting framework advances an ecology of time in
which long-term resilience depends on maintaining synchronisation between human activity
and the regenerative rhythms of nature.
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THE ECOLOGY OF TIME

WHY CIVILISATIONS FALL OUT OF PHASE WITH NATURE

MODERN CIVILISATION MEASURES TIME WITH EXTRAORDINARY PRECISION,
YET LACKS AGREEMENT ON WHAT TIME FUNDAMENTALLY IS.

The issue is not ancient versus modern. | The issue is whether operational time remains coherent with regenerative time.
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INTRODUCTION

(For the benefit of readers from interdisciplinary backgrounds, a glossary of uncommon Sanskrit and technical
terms used throughout this paper has been provided at the end.)

Modern civilisation faces a convergence of systemic crises spanning economics, ecology,
technology, and governance. Financial volatility, environmental degradation, technological
fragility, and widespread social burnout persist despite unprecedented advances in
measurement, computation, and optimisation. These failures are commonly attributed to policy
error, regulatory lag, or insufficient technological maturity. Yet such explanations struggle to
account for the recurrence, scale, and structural similarity of breakdowns across otherwise
unrelated domains.

A common feature underlying contemporary systems is their reliance on optimisation
frameworks that assume time to be a neutral, homogeneous, and invariant substrate.
Performance is routinely measured per unit time—per second, hour, quarter, or fiscal year—
while decision-making cycles are progressively compressed in pursuit of efficiency, growth,
and responsiveness. These practices are rarely questioned, as time itself is treated as a given
rather than as a variable subject to scrutiny.

This assumption is striking given that scientific and philosophical inquiry offers no universally
agreed-upon definition of time (Rovelli, 2018; Smolin, 2013). Physics continues to debate its
fundamental nature, while biology and ecology treat time as process-dependent and context-
sensitive. Despite this lack of consensus, modern economic, technological, and governance
systems proceed as if abstract clock time were both natural and universally applicable. This
assumption forms the invisible foundation upon which optimisation, coordination, and control
are built.

This paper argues that the uncritical adoption of abstract clock time as a governing substrate
constitutes a structural vulnerability. When systems that depend on biological, ecological, or
social regeneration are optimised against uniform temporal units, misalignment emerges
between decision cycles and regenerative dynamics. Such misalignment produces delayed
feedback, undervaluation of recovery processes, and nonlinear fragility—patterns increasingly
observed across modern institutions.

Historical evidence further complicates dominant narratives of progress. Long-run economic
reconstructions indicate that the Indian subcontinent sustained a disproportionately large share
of global economic output for over a millennium prior to the industrial era, despite the absence
of mechanised production (Figure 1) (Maddison, 2001; Broadberry et al., 2015). This
prosperity coincided with sustained inflows of scholars, traders, and students from across the
world, suggesting that alternative civilisational frameworks were capable of generating
stability and wealth without continuous acceleration.
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The present work introduces the Temporal Misalignment Hypothesis (TMH), which posits
that many systemic failures arise from a structural mismatch between abstract clock-based
optimisation and the heterogeneous temporal dynamics of living systems.

2,000 YEARS OF ECONOMIC HISTORY IN ONE CHART
All major powers compared by GDP from the year 1 AD
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Figure 1. Long-Run Share of Global Economic Output and Civilisational Wealth Distribution
Source: Visual Capitalist (2017), based on Angus Maddison’s Statistics on World Population, GDP and Per Capita
GDP, 1-2008 AD and IMF data.

Estimated share of global economic output across major regions over the last two millennia
illustrates the sustained dominance of the Indian subcontinent prior to the modern industrial era
and the subsequent relocation of wealth during and after European colonisation. The figure
highlights that long-duration prosperity existed in India well before mechanised industry and
persisted for over a millennium within predominantly tool-based, artisanal, and knowledge-
intensive production systems.

Figure 1 demonstrates a historically anomalous pattern that cannot be explained by
mechanisation-driven models of wealth creation. For over a millennium, the Indian subcontinent
accounted for a disproportionately large share of global economic output despite the absence of
industrial-scale mechanisation. This sustained prosperity predates the rise of modern factories,
fossil-fuel energy, and clock-time-based optimisation regimes.
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The figure further shows that the global redistribution of wealth coincides not with the invention
of mechanised industry alone, but with the onset of large-scale colonisation and epistemic
displacement. Wealth does not suddenly appear with industrialisation; rather, it relocates
geographically while declining in proportional global concentration. This pattern suggests that
mechanisation functions primarily as a multiplier of extraction and relocation, not as a primary
generator of long-duration wealth.

These observations raise a fundamental question: if mechanisation and linear time optimisation
are neither necessary nor sufficient for long-duration prosperity, what underlying structures
enabled such civilisations to persist? Addressing this question requires examining not only
technologies and institutions, but the temporal architectures through which societies measure,
coordinate, and optimise activity.

SCOPE AND METHODOLOGY

This paper is a theoretical-synthetic inquiry situated at the intersection of systems theory,
philosophy of science, civilisational history, and sustainability studies. It integrates historical
economic reconstructions, comparative civilisational analysis, and contemporary scientific
discourse to examine time as an assumed optimisation substrate rather than as a defined variable.

The paper does not propose new physical constants, dispute empirical measurement within
controlled scientific domains, or replace existing physical theories. Instead, it interrogates the
unexamined extension of abstract clock time from scientific instrumentation into economic,
technological, and governance systems governing living, regenerative processes.

Case studies presented are illustrative rather than exhaustive and are used to demonstrate
recurring structural patterns of temporal misalignment across unrelated domains. For the benefit
of the readers a glossary of uncommon terms has been provided at the end of this paper.

TIME IN MODERN SCIENCE: ASSUMPTION WITHOUT DEFINITION

Modern scientific inquiry depends fundamentally on temporal measurement. Physical laws
describe change over time; economic models discount future value over time; control systems
optimise performance over time. Yet despite this centrality, time occupies a peculiar epistemic
position: it is indispensable for calculation but poorly defined as a phenomenon.

In classical mechanics, Newton posited absolute, uniform time flowing independently of matter
and observation. This assumption enabled extraordinary predictive success, but it was not
accompanied by an ontological account of what time is. With the advent of relativity, Einstein
demonstrated that temporal measurement varies with velocity and gravitational context,
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fundamentally altering how time is measured. However, these advances addressed how time
behaves under specific conditions rather than what time fundamentally is (Rovelli, 2018). Time
remained a required coordinate rather than a defined entity.

Across contemporary physics—including quantum mechanics, thermodynamics, cosmology,
and systems modelling—time continues to function as a parameter that orders events and
enables prediction. While debates persist regarding temporal asymmetry and irreversibility, no
consensus definition unifies physical time with biological, ecological, or experiential
temporality. Leading physicists have openly acknowledged this gap.

This unresolved status is not merely philosophical. Treating time as an abstract, homogeneous
parameter carries implicit assumptions: that time is infinitely divisible, uniform across contexts,
and interchangeable across processes. These assumptions become embedded in models and
optimisation routines, shaping which system behaviours are prioritised and which are rendered
invisible. Regeneration—whether ecological renewal, biological recovery, or social cohesion—
does not unfold linearly, yet abstract time systematically renders such processes secondary or
external.

Astronomically, this abstraction is anomalous. The Sun’s apparent northward and southward
motion shifts measurably each day, altering sunrise and sunset over the year. Natural systems
respond continuously to this variability. What remains fixed is not nature’s time, but the human-
imposed clock that ignores these shifts. Temporal misalignment therefore arises not because
nature deviates, but because measurement is held artificially constant.

Unlike modern temporal systems, which treat the observer as external to time, the Vedic
temporal framework requires the individual to explicitly locate the self within space-time on a
regular basis through sasikalpa. This practice encodes temporal awareness not as abstraction,
but as lived positionality—Iinking individual action to cosmological cycles. No other extant
civilisational system maintains this degree of continuous, operational self-location within a
multidimensional temporal schema.

The Assumed Second in Modern Scientific Measurement

Modern scientific measurement relies fundamentally on rates: distance per unit time, change per
unit time, and acceleration per unit time squared. One of the earliest and most influential
formulations of such rate-based description appears in Galileo Galilei’s analysis of uniformly
accelerated motion, later expressed in modern notation as gravitational acceleration of
approximately 9.8 m/s? (Galilei, 1638). While the empirical observation of falling bodies is not
in dispute, the formulation itself presupposes a uniform temporal unit.

The “second” in this formulation is treated as a self-evident and invariant unit. However, neither
Galileo nor subsequent early modern scientists derived this unit from astronomical, biological,
or ecological first principles. Rather, the second entered scientific usage as a subdivision of the
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hour, inherited from calendrical convention rather than formally constructed within the
scientific method (Elias, 1992; Adam, 2004). Its validity was assumed prior to its definition.

Despite more than two decades of research, we could not find any explicit operational definition
of a second — or of an equivalent uniformly divisible temporal unit suitable for rate-based
optimisation — in the surviving Greco-Roman, Egyptian, Mesopotamian, Biblical, and
Qur’anic textual corpora. These traditions reference days, nights, seasons, and ritual timings,
but do not define time as a homogeneous scalar. In this sense, the foundational temporal unit of
modern science lacks a clear civilisational or natural provenance.

The modern second is now defined procedurally through atomic oscillations of cesium-133.
While this provides extraordinary precision, it further detaches time measurement from
astronomical cycles, biological rhythms, and ecological regeneration. Precision replaces
alignment: the unit becomes internally consistent while remaining externally ungrounded.

Scientific equations remain empirically reliable within their measurement framework. The
critiqgue advanced here concerns not empirical physics, but the unexamined extension of a
procedurally defined temporal unit—originally sufficient for controlled measurement—into the
governing substrate of complex living systems.

Even the physical reference bodies that anchor modern timekeeping are not stationary.
Contemporary astronomical observations indicate that the Sun is losing mass and the Moon is
receding from the Earth. Any non-zero change, however small, invalidates the assumption of a
fixed temporal baseline across centuries, since neither past nor future states can be linearly
extrapolated with certainty. Time systems predicated on invariance therefore accumulate
structural error over long durations.

Vedic literature explicitly treats solar potency (rasmi) as variable across manvantara cycles,
indicating an early recognition of non-stationary cosmic reference frames.

It is notable, in this context, that gravitational attraction is described explicitly in Vedic
literature, though not quantified as a fixed numerical rate. Texts such as the Prasna Upanisad,
associated with Rsi Pippalada, describe attraction and cohesion through the interaction of prana
and apana vayu (Prasna Upanisad 3.3-3.10), framing gravitation as a relational and qualitative
principle embedded within a living cosmology rather than as an externally imposed invariant
constant.

This absence of a specified numerical rate is not an omission but a structural distinction. Vedic
systems provide rigorous definitions of time, cyclicity, and temporal hierarchy, yet refrain from
assigning fixed scalar constants to phenomena whose expression depends on contextual
alignment rather than universal invariance. Modern science, by contrast, assigns precise
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numerical values to physical rates while inheriting its temporal units without first deriving or
defining them.

This inversion raises a foundational question: how can a physical constant be meaningfully
defined when the temporal unit on which it depends is assumed rather than derived? In Galileo’s
formulation, spatial units are formally defined, but the temporal denominator is inherited
procedurally from calendrical convention. The resulting rate is precise within its system, yet
grounded in a temporal unit whose origin lies outside the scientific method that employs it.

Scientists Acknowledging That Science Does Not Define Time

This epistemic asymmetry has been explicitly acknowledged by leading figures within
mainstream physics and philosophy of science. Carlo Rovelli has repeatedly noted that
contemporary physics can describe how clocks behave, but does not provide a definition of what
time itself is. Similarly, Lee Smolin has argued that time remains one of the most unresolved
and fundamental ingredients of physical theory—indispensable to equations yet conceptually
undefined.

Beyond theoretical physics, this uncertainty extends into metrology itself. Rupert Sheldrake has
documented that fundamental physical constants are periodically revised by national and
international measurement institutions, not due to changes in natural law but as a result of
improved instrumentation, statistical reconciliation, and procedural consensus (Sheldrake,
2011). Such revisions underscore that constants function as operational stabilisations rather than
immutable ontological properties of nature.

These acknowledgements are not fringe critiques but mainstream admissions across theoretical
physics, measurement science, and philosophy. They collectively demonstrate that modern
science achieves extraordinary predictive accuracy while operating atop inherited temporal
assumptions that remain largely unexamined.

The Temporal Misalignment Hypothesis does not dispute scientific efficacy. Rather, it
interrogates the civilisational consequences of extending procedurally defined time—originally
sufficient for laboratory precision—into domains governed by biological, ecological, and social
regeneration, where temporal alignment rather than numerical exactness determines long-term
stability.

ORIGIN AND FRAGMENTATION OF MODERN CLOCK TIME

Modern clock time did not emerge from a unified theory of temporal dynamics, nor was it
designed to encode biological, ecological, or civilisational regeneration. Instead, it represents
the gradual extraction and standardisation of numerical elements derived from long-term
astronomical observation. Early civilisations across the world tracked cyclical patterns in
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celestial motion—day and night, lunar phases, and seasonal variation—and embedded these
observations within integrated temporal frameworks linking cosmology, agriculture, ritual, and
social organisation. In most cases, however, time functioned descriptively, symbolically, or
ritually rather than as a formally articulated operational system capable of governing
coordinated activity across scales.

Among known civilisational traditions, the Vedic civilisation is the only extant tradition that
preserves a complete, internally coherent, and operational temporal architecture, rather than
treating time merely as a measurement convention. In Vedic literature, time (kala) is not an
abstract parameter but a governing principle that orders cosmological cycles, biological
processes, and social rhythms. Temporal units are defined relationally and hierarchically,
spanning micro-scale moments to vast cosmological epochs, and are embedded within a cyclical
and regenerative framework that explicitly links observation, coordination, and renewal.

Over more than two decades of comparative research, the author examined extant Greco-
Roman, Egyptian, Mesopotamian, Biblical, and Qur’anic textual corpora specifically for
operational definitions of time units, calendrical derivations, and weekday structures. While
these traditions contain rich cosmological narratives and ritual references to time, none provide
a complete, internally defined system for temporal coordination comparable to that preserved in
the Vedic corpus. Time in these traditions is referenced and symbolised, but not formally
constructed as a governing architecture.

Within the Vedic system, the ahoratra —the complete cycle of day and night—functions as a
foundational temporal unit grounded in direct astronomical observation and lived experience.
The ahoratra is not merely a numerical division of the day, but a rhythmic cycle encompassing
light and darkness, activity and rest, and processes of renewal. Inter-day organisation is further
structured through the vara system, which embeds planetary periodicity into civil coordination.
Together, these form an operational framework for daily and inter-daily temporal alignment.
The modern 24-hour day and weekday structure are direct numerical descendants of this
architecture, preserved as quantitative fragments while stripped of their qualitative, cyclical, and
regenerative context.

Over time, specific numerical elements from such integrated systems were progressively
abstracted: the division of the circle into 360 degrees, the subdivision of the day into 24 hours,
and the further segmentation of hours into 60 minutes and seconds. These divisions did not
originally function as independent units; they operated within broader temporal architectures
that encoded periodicity, recurrence, and proportionality across natural, biological, and social
processes. Once detached from their observational and civilisational grounding, these numerical
fragments became interchangeable, context-free, and increasingly amenable to standardisation.

The invention and proliferation of mechanical clocks in medieval Europe marked a critical
amplification point in this fragmentation process. Mechanical timekeeping did not invent clock
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time; it enforced and universalised it. By rendering time uniform, divisible, and externally
regulated, mechanical clocks transformed time from an observational guide into a disciplinary
infrastructure. Synchronisation of labour, coordination across distance, and scheduling of
production became possible at unprecedented scales, but at the cost of severing temporal
measurement from local ecological, biological, and seasonal rhythms.

This transition produced a temporal architecture optimised for coordination, efficiency, and
control rather than regeneration. Clock time became linear, abstract, and fungible—qualities
essential for industrialisation, financial accounting, and bureaucratic governance. Yet these
same qualities systematically obscure delayed feedback, flatten cyclical variation, and compress
processes that require extended recovery and renewal. What survives in modern timekeeping is
not a deliberately designed temporal system, but a decontextualised inheritance: numerical
remnants of an integrated temporal understanding repurposed to serve extractive and
accelerative logics.

Understanding modern clock time as an inherited fragment rather than a neutral invention is
therefore essential. It reveals that contemporary optimisation regimes operate within a temporal
substrate whose original form—where preserved—was integrative and regenerative, while its
modern instantiation is neither. This fragmentation establishes the structural conditions for the
temporal misalignment between optimisation and regeneration examined in subsequent sections
and underlies the accelerating instability observed across ecological, economic, and social
systems.

TEMPORAL ARCHITECTURES AND THE DEFINITION OF CIVILISATION

Prevailing definitions of civilisation typically emphasise material markers such as urbanisation,
technological sophistication, political institutions, or economic surplus. While these
characteristics describe outcomes, they do not explain how societies sustain coordination,
stability, and regeneration over long durations. This section proposes a more fundamental
criterion: a civilisation is defined by its ability to measure, coordinate, and optimise activity
in alignment with natural temporal cycles.

Measurement precedes optimisation. Any system that seeks to organise production, governance,
or social life must first decide what is being measured and how. When temporal measurement
is misaligned with the processes it governs, even well-intentioned optimisation produces
instability. Conversely, when temporal measurement reflects natural rhythms, optimisation
remains bounded by regenerative constraints.

Modern systems overwhelmingly rely on a single-dimensional temporal architecture: linear,
uniform clock time. This architecture treats all moments as interchangeable and all processes as
commensurable along the same temporal axis. While such abstraction enables coordination at
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scale, it simultaneously erases distinctions between processes that operate on fundamentally
different timescales. Biological regeneration, ecological recovery, cognitive integration, and
social trust formation are forced into the same temporal framework as mechanical repetition and
computational execution.

Historical evidence suggests that long-lived civilisations employed multi-dimensional
temporal architectures that explicitly encoded natural variability. These architectures did not
reject measurement or precision; rather, they embedded precision within layered temporal
constructs that distinguished between solar, lunar, seasonal, and contextual cycles. Time was
not a scalar to be minimised, but a structure to be navigated.

The Vedic civilisation represents the only known extant tradition to have formalised such a
temporal architecture explicitly and continuously. Its timekeeping systems were not symbolic
or mythological but operational, governing agriculture, trade, education, health, ritual, and
governance. Central to this framework is the pasicanga, a five-limbed temporal structure
integrating lunar day (tithi), solar weekday (vara), lunar mansion (naksatra), planetary
alignment (yoga), and half-lunar day (karaza). Each limb captures a distinct aspect of natural
periodicity, ensuring that activity is coordinated across multiple temporal dimensions
simultaneously.

Within this architecture, the concept of ahoratra—the predecessor to the modern 24-hour day—
functions not as an arbitrary division of duration, but as part of a nested temporal system aligned
with astronomical and biological rhythms. Time is thus relational rather than absolute: its
meaning emerges from interaction between celestial motion, terrestrial cycles, and human
activity.

By contrast, the reduction of time to a single linear metric collapses this relational structure.
When luni-solar and contextual dimensions are stripped away, optimisation loses its natural
boundaries. Activities that should be constrained by seasonal, ecological, or cognitive limits
become subject to continuous acceleration. This reduction does not merely simplify
coordination; it fundamentally alters system behaviour.

Civilisational stability depends not on maximising output per unit time, but on maintaining
synchrony between production and regeneration. Societies that preserve such synchrony can
sustain complexity without collapse. Those that do not must rely on external expansion,
extraction, or colonisation to offset internal misalignment.

Historical economic data supports this interpretation. As shown in Figure 1, the Indian
subcontinent sustained a dominant share of global economic output for over a millennium
without mechanised industry. This prosperity coincided with the widespread application of
temporally aligned practices across agriculture, craft production, education, and trade. Wealth
generation was embedded within cyclical renewal rather than linear acceleration.
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The subsequent displacement of these temporal architectures during colonisation was not
merely administrative or cultural; it was epistemic. Linear clock time was imposed as a universal
standard, while multi-dimensional systems were dismissed as unscientific or mythical. This
dismissal was not based on empirical failure, but on incompatibility with abstract temporal
assumptions.

Defining civilisation through temporal alignment reframes historical and contemporary analysis
alike. It explains how non-mechanised societies achieved long-duration prosperity, why modern
systems exhibit chronic instability despite technological advancement, and why optimisation
increasingly produces fragility rather than resilience.

This framework prepares the ground for examining how optimisation behaves once temporal
alignment is lost. The following section analyses how abstract time transforms optimisation
from a stabilising mechanism into a driver of systemic pathology.

TEMPORAL ARCHITECTURE, CIVILISATION, AND THE LONG ARC OF
ECONOMIC OUTPUT

Historical reconstructions of global economic output over the past two millennia reveal a
striking and often under-acknowledged pattern. As shown in Fig. 1, from approximately 1 CE
until the early modern period, global economic production was dominated by a small number
of civilisational regions, most notably the Indian subcontinent and China. Among these, the
Indian economy sustained an exceptionally large share of global output — commonly estimated
at around one-third of world GDP — for well over a millennium. This dominance predates
mechanised industry, fossil fuel use, abstract clock-time discipline, and modern financial
systems.

This empirical pattern challenges a central assumption of modern economic narratives that
large-scale, sustained wealth creation is inherently dependent on industrialisation,
mechanisation, or acceleration of production. If mechanised industry were the primary driver of
wealth, pre-industrial civilisations operating with tool-based technologies should exhibit
persistent economic marginality. The historical record demonstrates the opposite. India
maintained long-duration economic centrality using decentralised, artisanal, and regenerative
modes of production, embedded within social and ecological cycles rather than abstract
schedules.

To interpret this anomaly, it is necessary to clarify what is meant by civilisation in analytical
rather than cultural terms. In this paper, a civilisation is defined not merely by population size,
territorial extent, or material output, but by a society’s capacity to measure, coordinate, and
organise activity in sustained alignment with natural cycles. Civilisation, in this sense, is a
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temporal achievement: it reflects the ability to encode biological, ecological, and generational
rhythms into systems of production, governance, and knowledge transmission without
exhausting the regenerative base on which they depend.

Viewed through this lens, the Indian civilisational system represents a historically unique case.
It combined a formally articulated theory of time (kala), multi-scalar temporal units grounded
in astronomical and ecological observation, and decentralised economic organisation that
allowed productivity without temporal compression. Production was synchronised with
seasonal, biological, and social rhythms rather than optimised against abstract, uniform time
units. Wealth accumulation occurred through continuity, resilience, and regenerative balance
rather than through acceleration.

The persistence of India’s economic prominence also coincides with its role as a long-term
civilisational attractor. Historical records consistently show asymmetrical flows of trade,
scholars, students, and knowledge seekers towards the subcontinent across centuries.
Mathematical, astronomical, medical, metallurgical, and philosophical traditions developed and
circulated outward, while economic exchange flowed inward. This pattern indicates not merely
material wealth, but epistemic and organisational capacity — a stable system capable of
sustaining surplus, innovation, and transmission without destabilising its ecological
foundations.

Figure 1 further illustrates that the dramatic reconfiguration of global economic shares occurs
not with the emergence of mechanised industry per se, but with the widespread standardisation
of abstract clock time and its institutional embedding within economic organisation. From the
early modern period onward, economic output becomes increasingly concentrated in regions
that adopt uniform timekeeping, synchronised labour, and temporally compressed production
cycles. Global GDP accelerates sharply, but this acceleration coincides with colonial extraction,
ecological depletion, and the externalisation of regenerative costs.

Importantly, this shift does not represent the creation of wealth ex nihilo, but its relocation and
re-expression. Wealth that had previously been distributed across long-duration, regenerative
civilisational systems becomes concentrated within temporally accelerated, extractive regimes.
The decline of India’s share of global GDP during the colonial period reflects not a failure of
productive capacity, but the dismantling of a time-aligned civilisational structure and its
replacement with externally imposed temporal and economic logics optimised for throughput
rather than renewal.

This interpretation reframes industrialisation not as the origin of wealth, but as a temporal
reconfiguration of economic activity. Mechanisation and clock-time discipline enabled faster
extraction, tighter coordination, and scalable control, but they did so by severing production
from the regenerative cycles that had sustained earlier civilisations over centuries. The resulting
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growth appears unprecedented in magnitude, yet historically brief in duration and increasingly
fragile in its dependence on finite resources and compressed feedback loops.

The significance of Figure 1, therefore, lies not in identifying a single “leading” economy, but
in revealing a deeper civilisational pattern: long-term economic stability correlates with
temporal architectures that remain aligned with natural cycles, while rapid economic
acceleration correlates with temporal abstraction and fragmentation. This pattern provides
historical grounding for the Temporal Misalignment Hypothesis developed in subsequent
sections. It suggests that modern systemic instability arises not from insufficient innovation or
coordination, but from operating complex, living systems within a temporal framework
fundamentally unsuited to sustaining them.

OPTIMISATION PATHOLOGY UNDER A BROKEN TEMPORAL SUBSTRATE

Optimisation lies at the core of modern system design. From industrial engineering and supply-
chain management to algorithmic trading, governance metrics, and artificial intelligence,
performance is routinely defined as maximising output, efficiency, or responsiveness per unit
time. These optimisation routines assume time to be a neutral, homogeneous medium within
which improvements can be pursued indefinitely. However, when the temporal substrate itself
is misaligned with the dynamics of living systems, optimisation ceases to be stabilising and
instead becomes a primary driver of systemic failure.

In systems governed by biological, ecological, or social processes, regeneration does not occur
linearly or uniformly. Recovery unfolds across multiple timescales, exhibits threshold effects,
and is often contingent on contextual conditions that cannot be standardised. Soil fertility, forest
succession, metabolic repair, cognitive integration, and social trust all require uneven, phase-
dependent durations. When optimisation frameworks compress these processes into abstract,
interchangeable time units, regeneration is systematically underestimated or excluded from
decision-making altogether.

This mismatch produces what can be termed optimisation pathology: a condition in which
improvements in efficiency accelerate resource throughput without proportionally accounting
for regenerative limits. Gains achieved within short temporal windows appear successful
according to prevailing metrics, while longer-term degradation accumulates invisibly. Feedback
loops that would normally constrain behaviour are delayed, attenuated, or misrepresented,
allowing overshoot to persist until abrupt system collapse occurs.

The pathology is self-reinforcing. As degradation becomes apparent, systems respond by
intensifying optimisation — increasing speed, scale, or precision in an attempt to regain control.
Yet because the underlying temporal assumptions remain unchanged, these interventions further
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compress feedback and deepen misalignment. What appears as rational escalation from within
the system manifests externally as fragility, volatility, and cascading failure.

Modern economic systems provide a clear illustration. Productivity gains measured per hour or
per quarter incentivise practices that maximise short-term output while deferring long-term
costs. Ecological depletion, infrastructural decay, and social exhaustion register weakly or not
at all within optimisation metrics because their recovery horizons extend beyond dominant
temporal windows. As a result, activities that erode future capacity are systematically favoured
over those that sustain it.

Technological systems exhibit similar dynamics. Algorithmic optimisation prioritises speed,
responsiveness, and throughput, often measured in milliseconds. While such optimisation yields
extraordinary performance gains, it also amplifies systemic coupling and reduces tolerance for
delay or error. Minor perturbations propagate rapidly, leaving insufficient time for adaptive
correction. Resilience, which depends on slack, redundancy, and recovery time, is treated as
inefficiency rather than as a stabilising resource.

Crucially, optimisation pathology does not arise from flawed algorithms or poor intentions. It
emerges from optimising within a temporal framework that misrepresents the true
dynamics of regeneration. When time is abstracted into uniform units, systems lose the ability
to distinguish between processes that can be accelerated safely and those that cannot. All
activities become subject to the same temporal pressure, regardless of their underlying
constraints.

Historical comparison reinforces this diagnosis. As demonstrated in the previous section, pre-
industrial civilisations operating within integrated temporal architectures achieved sustained
productivity without continuous acceleration. Optimisation occurred, but it was bounded by
regenerative cycles encoded within social and ecological rhythms. By contrast, modern systems
optimise aggressively against abstract time, enabling rapid growth while eroding the conditions
that make growth possible in the first place.

The result is a characteristic failure pattern observed across domains: prolonged periods of
apparent stability or improvement, followed by rapid, nonlinear collapse. Because degradation
accumulates outside the system’s perceptual window, collapse appears sudden and unexpected,
even though it is the predictable outcome of sustained temporal misalignment. This pattern
recurs in ecological systems, financial markets, technological networks, and social institutions
alike.

Recognising optimisation pathology as a temporal phenomenon reframes the problem of
sustainability. It suggests that systemic failure cannot be resolved solely through better data,
smarter algorithms, or more efficient technologies if these interventions remain anchored to the
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same abstract temporal substrate. Without re-examining how time structures optimisation itself,
corrective measures risk accelerating the very dynamics they seek to control.

This analysis sets the stage for formalising the Temporal Misalignment Hypothesis, which
posits that persistent systemic instability arises from a structural mismatch between optimisation
cycles defined in abstract clock time and regeneration cycles governed by living systems. The
following section articulates this hypothesis explicitly and examines its explanatory
implications.

THE TEMPORAL MISALIGNMENT HYPOTHESIS

The Temporal Misalignment Hypothesis (TMH) proposes that many persistent failures
observed in modern economic, technological, ecological, and social systems arise not from
isolated policy errors or insufficient optimisation capacity, but from a structural mismatch
between the temporal frameworks used for decision-making and the temporal dynamics
governing living and regenerative systems.

Modern systems overwhelmingly operate on abstract, uniform clock time—divided into hours,
days, quarters, and fiscal years—while the processes they attempt to govern unfold according
to heterogeneous, non-linear, and phase-dependent temporal rhythms. TMH asserts that when
optimisation, governance, and feedback mechanisms are anchored to abstract time rather than
regenerative time, instability becomes an emergent and unavoidable property of the system.

This hypothesis can be decomposed into four interrelated claims.

Claim 1. Abstract Time is a Governance Convenience, Not a Physical or Biological
Constant

Clock time provides a convenient standard for coordination, measurement, and accounting.
However, it does not reflect how biological, ecological, or social processes actually unfold.
Regeneration, learning, adaptation, and recovery are not uniform in duration, nor are they
interchangeable across contexts. Treating time as homogeneous obscures critical differences
between processes that can be accelerated without harm and those that cannot.

Scientific disciplines themselves acknowledge this limitation. Physics lacks a universally
agreed-upon definition of time, while biology and ecology treat time as context-dependent and
process-specific. Yet modern governance systems proceed as if clock time were a neutral and
universal substrate, embedding it deeply into optimisation targets, performance metrics, and
institutional rhythms.
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TMH posits that this abstraction error propagates upward: when the foundational unit of
coordination is misaligned with system dynamics, higher-level decisions inherit structural blind
spots.

Claim I1: Optimisation Against Abstract Time Systematically Undervalues Regeneration
When performance is measured per unit clock time, activities that yield immediate, measurable
outputs are privileged over those whose benefits accrue over longer or irregular temporal
horizons. Regenerative processes—soil renewal, ecosystem recovery, cognitive integration,
social trust-building—are thus treated as inefficiencies or externalities rather than as core system
requirements.

This creates a persistent bias toward extraction, acceleration, and compression. Systems appear
to improve according to their own metrics while simultaneously degrading the conditions
necessary for their continued operation. Because regeneration operates outside dominant
optimisation windows, its erosion is weakly signalled or entirely invisible until thresholds are
crossed.

TMH argues that sustainability failures are therefore not accidental oversights but predictable
outcomes of temporal misalignment embedded within optimisation logic itself.

Claim I11: Temporal Compression Produces Nonlinear Fragility and Delayed Collapse
As optimisation intensifies, feedback loops shorten and systems become increasingly tightly
coupled. While this enhances responsiveness under stable conditions, it reduces tolerance for
delay, error, and variability. Minor disturbances propagate rapidly, overwhelming adaptive
capacity.

Crucially, degradation accumulates gradually while feedback is delayed, leading to long periods
of apparent stability followed by abrupt collapse. Such dynamics are commonly
misinterpreted as black swan events or exogenous shocks, when in fact they are
endogenous consequences of sustained temporal compression.

TMH reframes collapse not as sudden failure but as delayed recognition of misalignment
between decision time and regeneration time.

Claim 1V: Civilisational Stability Requires Temporal Alignment with Natural Cycles

A civilisation may be defined not merely by technological sophistication or material output, but
by its ability to measure, coordinate, and optimise activity in tune with natural cycles.
Historical evidence suggests that long-lived civilisations embedded temporal frameworks that
reflected ecological, astronomical, and biological rhythms, allowing optimisation to remain
bounded by regeneration.
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The Vedic civilisation represents the only known extant tradition that explicitly formalised time
as a multi-layered construct—integrating solar, lunar, seasonal, and cosmic cycles—rather than
reducing it to a single abstract dimension. The concept of ahoratra (the predecessor to the
modern 24-hour day) functioned not as an arbitrary division, but as part of a larger temporal
architecture aligned with natural rhythms.

TMH does not claim that pre-industrial systems were immune to failure, but that civilisations
operating within aligned temporal frameworks were structurally more capable of sustaining
wealth, knowledge, and social cohesion across millennia without continuous acceleration.

Implications of the Temporal Misalignment Hypothesis

If TMH holds, then many contemporary interventions—whether technological, economic, or
regulatory—address symptoms rather than causes. Improving efficiency, precision, or scale
within the same abstract temporal framework risks deepening instability rather than resolving
it.

By contrast, re-aligning optimisation and governance with regenerative time introduces the
possibility of stability without stagnation and growth without depletion. TMH thus provides a
unifying lens through which diverse systemic crises—economic volatility, ecological collapse,
technological fragility, and social burnout—can be understood as manifestations of a common
temporal root.

The following section examines how this hypothesis reframes historical economic data and
challenges mechanistic explanations of wealth creation, particularly in the context of long-
duration civilisational prosperity.

The Temporal Misalignment Hypothesis (TMH) can be expressed structurally as a divergence
between operational decision time (Tn) and natural regenerative time (T,), where system
stability declines as | Ty — T,| increases.

Civilisational Sustainability Ratio (CSR)
To operationalise the Temporal Misalignment Hypothesis, this paper introduces the
Civilisational Sustainability Ratio (CSR) as a conceptual metric for evaluating long-duration
system stability. The CSR is defined as the ratio between a civilisation’s regenerative time
horizon and its optimisation time horizon

CSR = Regeneration Time / Optimisation Time

Where:
e Regeneration Time refers to the timescales required for ecological renewal,
human recovery, institutional trust, and knowledge transmission.
e Optimisation Time refers to the timescales over which decisions, incentives, and
performance metrics are evaluated.
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A civilisation with CSR > 1 operates within sustainable bounds: regenerative processes are
allowed sufficient time to replenish what optimisation consumes. Such systems can sustain
complexity and prosperity across generations.

A civilisation with CSR < 1 is structurally unsustainable: optimisation cycles outpace
regeneration, leading to hidden degradation, delayed feedback, and eventual collapse. The
smaller the ratio, the greater the systemic fragility and the more abrupt the failure once
thresholds are crossed.

Importantly, CSR is not a fixed numerical constant but a relational property of system design.
It varies across domains—agriculture, governance, economics, and technology—but exhibits
consistent directional effects. Persistent decline in CSR manifests historically as resource
exhaustion, institutional breakdown, social unrest, and ecological collapse.

Tempeoral Misalignment between
Operational (T) and Regenerative (T,,) Time

= T,:Natural Regenerative Time (constant)
7 | e T}, Human Operational Tempo
== CSR =Tu/Th
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Figure 2. Temporal Alignment and Civilisational Stability
Conceptual representation of temporal alignment. As human operational time (T,) accelerates while natural
regenerative time (T,) remains biologically constrained, the Civilisational Sustainability Ratio (CSR) declines.
Persistent CSR < 1 corresponds to systemic instability and collapse regimes.

Within this framework, the long-duration prosperity of pre-industrial India can be interpreted
as evidence of a civilisation operating with a CSR at or above unity, despite the absence of
mechanised acceleration. Conversely, modern industrial systems exhibit declining CSR values
as optimisation horizons compress while regenerative requirements remain invariant or
increase. The CSR thus provides a unifying lens through which temporal alignment,
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sustainability, and civilisational stability can be evaluated without recourse to ideology or
cultural exceptionalism.

The implications of the Temporal Misalignment Hypothesis are illustrated schematically in

Figure 3, which contrasts the accelerating compression of human operational time with the
irreducible duration of natural regenerative processes.

Temporal Compression vs Regenerative Time

Mechanisation Standardisation Financial Acceleration Algorithmic Optimisation

1 | | |

Human Operational Time (T};)

seconds — minutes — quarters — fiscal years

Tempora| Misalignment Zone
(Tempora] Debt) "

Biological Recovery Ecological Regeneration Soil Formation

~ . NI

Aquifer Recharge Social Trust Rebuilding

Natural Regenerative Time (T,) >

Collapse emerges from temporal misalignment, not intent or efficiency.

Figure 3. Temporal Misalignment Between Operational and Regenerative Time

Conceptual representation of the divergence between human operational time (T,), which is increasingly
compressed through mechanisation, financial acceleration, and algorithmic optimisation, and natural regenerative
time (T,), which remains constrained by biological, ecological, and social recovery processes. While operational
systems can accelerate decision and production cycles, regenerative processes are irreducible and cannot be
compressed without loss. The resulting gap represents accumulated temporal misalignment (temporal debt). When
this misalignment persists, the Civilisational Sustainability Ratio (CSR = T, / T;) falls below unity, producing
structural instability independent of intent, efficiency, or technological sophistication.

FALSIFICATION TEST: WHY MECHANISATION FAILS AS A CAUSAL THEORY
OF LONG-DURATION PROSPERITY

The Temporal Misalignment Hypothesis (TMH) proposes that sustained civilisational stability
depends primarily on the alignment between optimisation timescales and regenerative
processes. A dominant alternative explanation attributes long-run prosperity to mechanisation,
fossil energy, and productivity gains achieved through clock-time optimisation. This section
evaluates that explanation through an explicit falsification framework.
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Falsification Criteria
If mechanisation were a necessary or sufficient condition for long-duration prosperity, at least
one of the following conditions would be expected to hold consistently across historical cases:

1. Highly mechanised societies would demonstrate superior long-term systemic stability.

2. Wealth generated through mechanisation would persist locally over extended time
horizons.

3. Accelerated production systems would maintain or enhance regenerative capacity.

Failure to satisfy these criteria would indicate that mechanisation alone is insufficient as a causal
explanation.

Mechanisation and Systemic Stability

Evidence from contemporary highly industrialised economies does not support the stability
criterion. Advanced mechanised societies exhibit recurring financial crises, high sovereign debt
burdens, ecological stress, and institutional volatility. These patterns persist despite continued
productivity growth.

Within the TMH framework, such outcomes are consistent with optimisation cycles that operate
on increasingly compressed timescales while regenerative processes remain constrained.
Mechanisation increases throughput but does not inherently preserve system stability.

Mechanisation and Persistence of Local Prosperity

Historical evidence further challenges the sufficiency of mechanisation. During the colonial
period in India, mechanised production and clock-time labour systems were introduced at scale.
Rather than resulting in sustained local prosperity, this transition coincided with a decline in
India’s share of global economic output and the disruption of indigenous productive systems.

These outcomes suggest that mechanisation can facilitate extraction without ensuring long-term
local wealth retention, particularly when embedded within externally imposed temporal and
governance structures.

Mechanisation and Regenerative Capacity

Across multiple domains, mechanised systems demonstrate a tendency to accelerate
consumption while leaving regenerative timescales unchanged. Examples include industrial
textiles, water extraction and purification, and carbon offset mechanisms. In each case,
optimisation improves short-term performance metrics while long-term regenerative capacity
deteriorates.

Such patterns are consistent with optimisation against abstract time rather than regenerative time
and do not support the claim that mechanisation enhances sustainability by default.
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Interpretation

Taken together, these observations indicate that mechanisation functions as an amplifier rather
than a primary causal driver of long-duration prosperity. Its effects depend on the temporal and
institutional contexts in which it operates.

Abstract clock-time systems generate a structural illusion of control, encouraging actors to
perceive themselves as external providers rather than embedded participants within regenerative
systems. Historically, this illusion coincided with European expansion following the widespread
adoption of mechanical timekeeping, where internal scarcity combined with temporal
abstraction to justify large-scale extraction abroad. The same logic persists in contemporary
technocratic governance models that treat populations, ecosystems, and resources as variables
to be optimised rather than processes to be sustained.

Within such frameworks, alleviating poverty is misframed as managing populations instead of
restoring systemic alignment.

These findings are consistent with the Temporal Misalignment Hypothesis and challenge
mechanisation-centric explanations of historical and contemporary economic stability.

IMPLICATIONS FOR CONTEMPORARY SYSTEMS: ECONOMICS, ARTIFICIAL
INTELLIGENCE, AND GOVERNANCE

The implications of the Temporal Misalignment Hypothesis extend well beyond historical
interpretation. If systemic instability arises from a structural mismatch between abstract clock-
based optimisation and regenerative temporal dynamics, then many contemporary interventions
are misdirected by design. Advances in technology, data availability, and algorithmic
sophistication cannot resolve instability if they remain anchored to the same temporal substrate
that generated the problem.

Economic Systems and the Illusion of Continuous Growth

Modern economic systems are governed by performance metrics defined over compressed
temporal windows: quarterly growth, annual returns, and real-time market responsiveness.
These metrics privilege activities that yield immediate measurable output while systematically
undervaluing processes whose benefits accrue over longer or irregular horizons. Regeneration—
ecological renewal, human well-being, institutional trust—appears as cost rather than as capital.

Under abstract time, growth becomes decoupled from capacity. Productivity gains achieved by
accelerating throughput mask the depletion of underlying assets. Because degradation unfolds
outside dominant accounting periods, corrective signals arrive too late to prevent overshoot.
This dynamic explains the persistence of debt accumulation, environmental exhaustion, and
social precarity despite sustained increases in measured output.

22 www.gi4gc.org/home-ijewcs



ISSN (Online): 3107-8184 The Ecology of Time: Why Civilisations
Volume 3 ¢ Issue 1 Collapse When They Fall Out of Phase with Nature

From the perspective of TMH, economic crises are not anomalies caused by exogenous shocks,
but endogenous consequences of temporal compression. Stabilisation efforts that focus on
liquidity, stimulus, or efficiency without addressing temporal misalignment risk amplifying
volatility rather than restoring balance.

Artificial Intelligence and Algorithmic Temporal Compression

Artificial intelligence systems represent the most extreme instantiation of optimisation under
abstract time. Machine learning models optimise objectives over millisecond-scale feedback
loops, prioritising speed, prediction accuracy, and throughput. While such systems achieve
remarkable performance, they also intensify coupling across domains, reducing tolerance for
delay, uncertainty, and human deliberation.

When Al systems are embedded in economic, informational, or governance contexts, they
inherit and amplify existing temporal assumptions. Decisions that once unfolded over days or
months are compressed into seconds, while consequences—social polarisation, market
instability, ecological harm—emerge over much longer horizons. The resulting asymmetry
between decision time and consequence time creates a systemic blind spot.

TMH suggests that concerns about Al alignment cannot be resolved solely through better
objective functions or ethical constraints. Alignment requires synchronising algorithmic
decision cycles with the temporal dynamics of the systems they affect. Without such
synchronisation, Al accelerates misalignment, transforming local optimisation into global
instability.

This perspective reframes Al risk not primarily as a problem of intelligence or intent, but as a
problem of temporal governance.

Governance, Policy, and the Compression of Accountability

Historically, governance systems embedded within cyclical temporal frameworks—seasonal
planning, multi-generational stewardship, and ritualised review—maintained continuity
between action and consequence. In the Indian subcontinent, such continuity was
operationalised through calendrical systems such as the Vikram Samvat and the Panchanga,
which integrated solar, lunar, and seasonal cycles into administrative, agricultural, and juridical
decision-making. These systems did not merely track time; they structured accountability across
natural and social cycles, ensuring that decisions were evaluated within the same temporal
regimes in which their consequences unfolded.

TMH does not propose a return to historical calendars, but identifies such systems as evidence
that governance can be temporally aligned without reliance on abstract, linear clock time.
Reintroducing temporally extended accountability—whether through policy horizons,
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ecological budgeting, or multi-cycle review mechanisms—requires acknowledging that time
itself is a design variable in governance, not a neutral backdrop.

Reframing Sustainability and System Design

Contemporary sustainability discourse often focuses on technological substitution, efficiency
gains, and carbon accounting. While valuable, these approaches operate within the same
abstract temporal framework that marginalised regeneration in the first place. As a result,
sustainability efforts risk becoming another optimisation layer rather than a structural
correction.

TMH implies that sustainable system design must begin by redefining temporal metrics. This
includes distinguishing between processes that can be accelerated safely and those that require
protected recovery time, embedding slack and redundancy as design features rather than
inefficiencies, and aligning evaluation horizons with the natural timescales of regeneration.

Such an approach does not reject technology or optimisation. Instead, it situates them within
temporally aligned architectures that constrain acceleration where it becomes destructive.
Stability emerges not from control, but from synchrony.

Civilisational Choice and the Future Trajectory

The convergence of ecological, economic, and technological crises suggests that modern
civilisation is approaching the limits of abstract time optimisation. Continued acceleration
promises diminishing returns and increasing fragility. TMH frames this moment not as an
inevitable collapse, but as a choice point.

Civilisations are not defined solely by their tools, but by how they measure and coordinate
activity. Re-examining time as a structural variable opens the possibility of redesigning systems
that sustain complexity without continuous expansion. The historical record demonstrates that
such alignment is not hypothetical; it has existed and functioned at scale.

The challenge facing contemporary society is therefore not the lack of intelligence or
innovation, but the willingness to question the temporal assumptions embedded at the core of
modern systems. Whether future trajectories converge toward stability or collapse may depend
less on what is optimised, and more on the time against which optimisation is performed.

EMPIRICAL CASE STUDIES OF MECHANICAL INDUSTRIALISATION AND
TEMPORAL MISALIGNMENT

While TMH and CSR provide formal analytical tools, their implications are empirically
observable across systems commonly associated with modern progress. The following case
studies examine domains where mechanical industrialisation compresses human operational
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time (Ty) through mechanisation, standardisation, and financial acceleration, while natural
regenerative time (T,) remains constrained. These case studies are illustrative rather than
exhaustive and are selected to demonstrate consistent temporal misalignment patterns across
otherwise unrelated modern systems.

Case Study 1: Mechanical Industrialisation and Sovereign Debt

Highly industrialised economies carry the largest sovereign debt burdens. Japan exceeds 230%
of GDP, the United States exceeds 120%, and major European economies approach or exceed
100%.

Under TMH, sovereign debt represents temporal overdraft. Mechanised systems sustain present
output by borrowing future capacity. In CSR terms, these economies operate persistently with
CSR « 1. Debt accumulation reflects structural misalignment, not fiscal anomaly.

Case Study 2: Pharmaceutical Practice and Temporal Contradiction

Modern medicine often advises patients to avoid “spices” while prescribing isolated compounds
derived directly from them. Curcumin from turmeric, clove oil in dentistry, gingerol for nausea,
piperine for bioavailability, and neem derivatives in dermatology are standard examples.

These compounds originate from Ayurvedic knowledge developed through slow, regenerative
observation. Mechanical systems extract molecules, standardise them, and scale production,
detaching them from dietary, seasonal, and regenerative context.

The contradiction is temporal, not pharmacological. Accelerated systems monetise insights
produced by slow knowledge traditions, revealing dependence on regenerative epistemic time.

Case Study 3: Fast Fashion
Fast fashion compresses design, production, and disposal into weeks, while fibre regeneration
and ecological recovery operate over years. The resulting CSR is far below unity.

Environmental damage arises not from demand, but from acceleration that overwhelms recovery
cycles. Traditional textile systems were slower but aligned; fast fashion replaces alignment with
speed.

Case Study 4: Carbon Markets

Carbon markets operate on financial cycles measured in months or years, while sequestration
unfolds over decades or centuries. This compresses administrative time without accelerating
regeneration.

As a result, such mechanisms may improve accounting efficiency while reinforcing temporal
misalignment.
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Case Study 5: Water Purification and RO Systems
RO systems typically waste 50-70% of input water to produce potable output. As aquifers
decline, purification accelerates while recharge slows.

Traditional water systems enabled slow filtration and seasonal correction. Mechanical systems
replaced them with extraction-heavy infrastructure, collapsing T, while accelerating Th.

Water scarcity here reflects temporal failure, not technological inadequacy.

Case Study 6: Toilet Paper and Material-Time Failure

Toilet paper shortages during COVID-19 revealed material-time mismatch. Most toilet paper
relies on trees requiring 12—20 years to mature (FAO 2018; WWF 2020), supporting rapid
consumption with slow regeneration.

Industrial hemp matures in 3-6 months, yields high-quality fibre, and requires fewer inputs
(Small & Marcus 2002; Amaducci et al. 2015), yet was excluded due to regulatory suppression
(Cherney & Small 2016).

The shortage reflected CSR < 1, where consumption cycles outpaced embedded regenerative
time. The failure was temporal and material, not behavioural.

CONCLUSION

This paper set out to examine a class of systemic failures that persist across economics, ecology,
technology, and governance despite continuous advances in measurement and optimisation.
Rather than attributing these failures to isolated policy errors or insufficient technological
maturity, the analysis identified a deeper structural issue: the unexamined assumption that
abstract, uniform clock time constitutes a neutral and universally appropriate substrate for
coordination and optimisation.

By tracing the epistemic origins of modern timekeeping, the work highlighted a foundational
gap in scientific and institutional practice. The basic unit of time underlying contemporary
measurement—the second—Ilacks a clearly defined civilisational or physical provenance, yet is
treated as invariant and universal. This assumption persists even as astronomy and physics
acknowledge that the very systems used to anchor time are dynamic and evolving. The result is
a structural mismatch between how time is measured and how natural, biological, and social
processes unfold.

The paper proposed a reframing of civilisation itself: not as a function of mechanisation or
output alone, but as a society’s capacity to measure, coordinate, and optimise activity in
alignment with natural temporal cycles. Within this frame, the historical record—particularly
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the long-duration prosperity of the Indian subcontinent—emerges not as an anomaly, but as
evidence that alternative temporal architectures can sustain wealth, knowledge, and stability
without continuous acceleration.

The Temporal Misalignment Hypothesis (TMH) was introduced to formalise this insight. TMH
posits that when optimisation is performed against abstract time rather than regenerative time,
instability becomes an emergent property of the system. This misalignment explains why
efficiency gains so often coincide with fragility, why collapse appears sudden despite long
gestation, and why technological acceleration frequently exacerbates the very problems it seeks
to solve.

Importantly, TMH does not reject science, technology, or optimisation. It instead locates their
limits within the temporal frameworks that govern their application. The historical and empirical
evidence presented suggests that mechanisation functions as an amplifier whose effects depend
critically on whether it is embedded within temporally aligned or misaligned systems.

The implications are immediate. Efforts to address sustainability, economic volatility, Al
alignment, and governance reform will remain partial if time continues to be treated as a neutral
backdrop rather than as a structural design variable. Reintroducing temporal alignment—by
distinguishing between accelerable processes and those requiring protected regeneration—
offers a pathway toward stability without stagnation and progress without depletion.

Ultimately, the question confronting modern civilisation is not whether it can optimise more
efficiently, but whether it can measure wisely. The future trajectory of complex systems may
depend less on what is optimised, and more on whether optimisation is performed in synchrony
with the rhythms that sustain life itself.
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Glossary:

Abstract Time — Uniform, divisible clock time used for measurement and optimisation.

ahoratra — A complete cycle of day and night; a 24-hour temporal unit in Vedic timekeeping.

apana vayu — One of the five primary vital forces (vayus) in Yogic physiology associated with
elimination and downward movement.

Civilisational Sustainability Ratio (CSR) — The ratio of regenerative capacity to operational demand.
Clock Time — Mechanically standardised time detached from ecological and biological cycles.

kala — Time understood as an active organizing principle rather than a passive measure.

karapa — Half of a tithi; one of the five limbs of the Pasicanga used in temporal calculations.
Manvantara — A large cyclical epoch within Vedic cosmology associated with a Manu or civilisational
age.

naksatra — A sidereal lunar mansion; one of the 27 stellar divisions used in Vedic astronomy and
calendrics.

Optimisation — Maximisation of output or efficiency per unit of abstract time.

paiicanga — The traditional Vedic lunisolar calendrical framework integrating tithi, vara, naksatra,
yoga, and karana.

prana — Vital life-force or animating energy in Indic philosophical systems.

rasmi — Ray, energetic stream, or radiative influence.

Regeneration — The restoration of capacity in living systems over non-linear time.

Regenerative Time — Time required for biological, ecological, or social recovery.

sarikalpa — A formal declaration of temporal-spatial positioning and intent used in Vedic ritual practice.
Temporal Compression — Reduction of decision or production cycles without corresponding
acceleration of regeneration.

Temporal Misalignment Hypothesis (TMH) — The proposition that systemic instability arises when
optimisation time diverges from regenerative time.

tithi — A lunar phase division based on the angular relationship between the Sun and Moon.

vara — The weekday cycle in Indic calendrical systems.

Vikram Samvat — A traditional Indian lunisolar calendar era beginning in 57 BCE.

yoga — One of the five limbs of the Paricanga derived from the combined longitudinal positions of the
Sun and Moon.

30

www.gi4gc.org/home-ijewcs



