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Abstract

Institutions routinely fail not because they lack resources or expertise, but because their capital
cycles are structurally bound to short-horizon fragility cycles—financial volatility, political
turnover, capability decay, and civic fluctuation. These fragility cycles operate on timescales
fundamentally misaligned with the long-horizon mission cycles that govern asset lifetimes,
scientific capability, climate adaptation, and intergenerational public goods. The resulting
temporal mismatch produces deterministic capability decline across domains, regardless of
managerial competence or policy intent.

This paper introduces Regenerative Cycle Architecture (RCA), a general meta-theory of
institutional design grounded in the structural separation of cycles. RCA formalises two core
operations—cycle decoupling, which renders capital independent of fragility cycles, and cycle
alignment, which synchronises capital behaviour with mission cycles. We define a formal
ontology of cycles, present a three-layer system model, and derive a set of six structural
invariants that are both necessary and jointly sufficient for regenerative, multi-cycle institutional
capability.

We demonstrate how RCA explains failure patterns across climate adaptation, scientific
infrastructure, healthcare systems, civic institutions, and long-lived public assets. We then show
that Perpetual Social Capital (PSC) constitutes the first realised instantiation of RCA at the
capital layer, providing a mathematically modelled example of non-extractive, non-liability,
mission-aligned regenerative capital.

RCA further distinguishes between the structural recycling parameter R embedded in
regenerative architectures and the realised recycling rate R, observed in empirical deployments.

This distinction, developed in subsequent PSC and Alignment Capital work, allows RCA to
model the difference between theoretical regenerative capacity and behaviourally achieved
alignment.

RCA concludes by introducing the cycle constitution, a new category of institutional
governance that protects temporal integrity in the same way political constitutions protect power.



The paper outlines an interdisciplinary research agenda for RCA as a foundational framework
for long-horizon, regenerative institutional design.
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2. Literature Context and Meta-Theoretical
Positioning

Institutions have been studied through multiple disciplinary lenses—economics, political
science, systems theory, organisational sociology, cybernetics, resilience engineering, and
public administration. Each offers partial explanations for institutional fragility, yet none provide a
general, cross-domain theory of temporal governance: the problem of misaligned cycles.

Regenerative Cycle Architecture (RCA) occupies a meta-theoretical position at the intersection
of these literatures. It does not compete with them; it integrates and supersedes their core
insights while introducing a conceptual layer they do not address.

2.1 Institutional Economics and Temporal Misalignment

Classical and modern institutional economics (North, Williamson, Ostrom) explain how rules,
norms, incentives, and transaction costs shape institutional behaviour. These theories identify
institutional failure as arising from:

incentive misalignment
transaction frictions
governance weaknesses
collective action failures
political economy constraints

However, these frameworks do not formalise:

temporal structures,

cycle interactions,

fragility propagation across cycles, or

the architecture of multi-cycle regeneration.

Institutions in these literatures are treated as static rule systems, not temporally governed
entities.



RCA extends institutional economics by introducing the concept of cycle coupling—a structural
mechanism through which institutions inherit volatility from external cycles. This temporal
mechanism is absent in the institutionalist tradition.

2.2 Public Finance, Budget Theory, and Fiscal Cycles

Public finance acknowledges political budget cycles, fiscal rules, and volatility shocks. However,
it treats fragility as:

e aresource constraint problem,
e afiscal discipline problem, or
e a political choice problem.

It does not conceptualise capital cycles as temporally governed structures, nor does it
propose architecture-level mechanisms for separating capital from electoral or fiscal cycles.

RCA differs by arguing that:

The problem is not scarcity or policy failure; the problem is temporal coupling
between capital cycles and political cycles.

This recasts public finance as a temporal governance failure, not a budgeting failure.

2.3 Resilience Theory and Adaptive Systems

Resilience science (Holling, Gunderson, Folke) studies:

shocks,
disturbances,
adaptation,

system thresholds,
and recovery.

While resilience theory recognises multi-scale dynamics, it focuses on ecological and system
dynamics, not capital cycle architecture.

Resilience theory tells us:

e how systems absorb shocks,
e how feedback loops work,
e how systems adapt.

But it does not explain:

e why capital cycles constrain resilience,



e why fragility propagates through institutional finance,
e how temporal misalignment causes deterministic capability decay.

RCA fills this gap by formalising temporal misalignment as the core driver of institutional
fragility.

2.4 Cybernetics and Control Systems

Cybernetics (Wiener, Beer, Ashby) provides an architecture for:

feedback,
control,

stability,
adaptation,
information flows.

Yet cybernetics focuses on feedback mechanisms, not capital cycle governance. It does not
theorise how financial, political, or civic cycles impose external temporal constraints.

RCA can be interpreted as the missing temporal layer in cybernetic governance:
the rules by which capital behaves across time, independent of control signals.

2.5 Lifecycle Asset Management and Infrastructure
Theory

Infrastructure economics and asset management provide detailed models of:

asset decay curves,
maintenance,
renewal windows,
lifecycle costing.

But they assume capital availability follows budget cycles. They do not theorise capital
availability as itself a temporal structure that must be designed.

RCA integrates asset lifecycle theory but argues:

Infrastructure decay is not a maintenance failure; it is a cycle misalignment
failure.

2.6 Political Economy and Democratic Time



Political economy recognises the mismatch between electoral cycles (2—4 years) and
long-horizon needs (20-50 years). But it does not propose a general architecture for breaking
the dependency between capital and electoral time.

RCA formalises:

e why political cycles distort capital access,
e how decoupling stabilises long-run capability,
e how cycle constitutions can structurally protect institutions from political volatility.

This makes RCA complementary to, but deeper than, traditional political economy.

2.7 Why RCA Constitutes a New Field

RCA makes a contribution qualitatively different from existing literatures:

1. Itidentifies temporal misalignment as the primary mechanism of institutional fragility.

2. ltintroduces a formal cycle ontology that spans capital, politics, capability, and civic
systems.

3. It provides structural operators (coupling, decoupling, alignment) absent from existing
theory.

4. It proposes architectural invariants that govern regenerative systems.

5. It defines the cycle constitution as a new constitutional category.

6. It synthesises multiple literatures into a unified temporal governance meta-theory.

RCA does not replace existing theories; it organises and extends them around the central
missing dimension:
the temporal architecture of systems.

RCA therefore acts not merely as an extension of institutional economics or resilience theory,
but as the unifying temporal meta-architecture that underpins Alignment Capital, the PSC family
of modes, and the climate-governance application PSC-G.

3. Conceptual Foundations: A Formal
Ontology of Cycles

RCA requires a precise vocabulary.
Institutions, systems, and governance structures all operate across multiple overlapping cycles.
To analyse their behaviour rigorously, we must define:

e the entities (cycles, systems, actors),
e the operations (coupling, decoupling, alignment),



e the properties (fragility, regeneration), and
e the structural forms (constitutions, invariants).

This section establishes the formal ontology that underpins RCA.

This ontology also establishes the primitives required for the Alignment Operator A\Lambda/\,
formally introduced in Alignment Capital (2025), which maps decoupled capital cycles onto
mission cycles. RCA uses this operator structurally, not behaviourally, as the governing
mechanism for temporal synchronisation.

3.1 Time, Cycles, and Temporal Structures

Definition 1 — Cycle

A cycle is a recurring temporal structure, defined as a tuple:
C= (T, ¢4

where:

e T = period or characteristic timescale,
e ¢ = phase (position within the cycle),
e A = amplitude or magnitude of effect on the institution.

Cycles may be:

fixed-period (e.g., elections every 3—4 years),
variable-period (revenue volatility),
endogenous (equipment decay), or
exogenous (macro shocks).

Institutions operate within the interaction of many cycles simultaneously.

3.2 Fragility Cycles

Definition 2 — Fragility Cycle

A fragility cycle is a cycle whose fluctuations increase institutional vulnerability, and whose
timescale is shorter, more volatile, or misaligned relative to mission requirements.

Formally:



F = {C|8V/8C < 0}
where V = institutional capability or value.
RCA identifies four universal fragility cycles:
Financial fragility (volatility-driven)
Political fragility (turnover-driven)

Capability fragility (decay-driven)
Civic fragility (coordination-driven)

hoonh =

These cycles are exogenous: the institution does not control their properties.

3.3 Mission Cycles

Definition 3 — Mission Cycle

A mission cycle is a temporal structure intrinsic to the institution’s purpose — asset lifetimes,
capability renewal intervals, or intergenerational horizons — defined as:

M = {C|6V/6C = 0}
Mission cycles have longer horizons, lower variance, and predictable patterns.
Examples:

equipment replacement cycles,
climate adaptation timelines,
scientific throughput cycles,
community continuity cycles,
intergenerational obligations.

Mission cycles describe how the institution should evolve.

Fragility cycles describe what destabilises it.

3.4 Capital Cycles

Definition 4 — Capital Cycle
A capital cycle (\mathcal{K}) is the temporal structure governing:

e access to capital,



e renewal of capital,
e obligations attached to capital,
e and intertemporal constraints on capital behaviour.

Traditional capital forms impose:

e fixed repayment periods (debt),
e discrete cycle termination (grants),

e surplus extraction timing (equity),

e donor enthusiasm oscillations (philanthropy).

Thus:

traditional

Traditional capital cycles are embedded inside fragility cycles.

In regenerative architectures derived from PSC, the theoretical recycling parameter R
determines the structural recurrence of capital, whereas the achieved recycling rate R, reflects

behavioural, institutional, and governance factors. RCA therefore treats R as an architectural
parameter, while Ra is an empirical parameter observed in real systems.

3.5 Cycle Coupling

Definition 5 — Cycle Coupling Operator
We define a coupling operator:
I"K—>F
such that:
K(t) = T(F(D)
Capital must follow the timing of fragility cycles.
Cycle coupling occurs when:

capital availability depends on budget cycles,
capital obligations depend on revenue cycles,
grants depend on political cycles,
philanthropy depends on civic cycles.

Under traditional systems:



K=F

dominant

Capital follows the most restrictive fragility cycle — the root of structural decline.

3.6 Cycle Decoupling

Definition 6 — Cycle Decoupling Operator

RCA defines decoupling as an operator:

AKSK
such that:

SK
§F 0

Capital cycles become independent of fragility cycles.
This removes:

financial pressure,

political volatility exposure,
decay-induced investment gaps,
donor enthusiasm cycles.

Decoupling is the necessary condition for resilience.

3.7 Cycle Alignment

Definition 7 — Cycle Alignment Mapping
The alignment mapping A sends decoupled capital cycles into mission cycles:
AK > M
such that:
K (t) = M(t)

Capital follows:



asset lifetimes,

capability cadence,

climate horizons,

civic continuity,

multi-generational mission needs.

Alignment is the sufficient condition for regeneration.

3.8 Regenerative Cycles

Definition 8 — Regenerative Cycle
A regenerative cycle is a capital cycle that:

1. is decoupled from fragility cycles:

8K
§F

2. is aligned to mission cycles:

K(t) = M(t)

3. produces system-level compounding effects:

av
ar >0
Such cycles accumulate capability rather than deplete it.

3.9 Cycle Constitution

Definition 9 — Cycle Constitution
A cycle constitution is a structural regime that enforces:

e decoupling of capital from fragility,
e alignment of capital to mission,
e invariance of these properties across cycles.



Formally:

constitution

C = {K|AK and A(K) hold for all t}

It is the temporal equivalent of a governance constitution —
a structure that protects long-term capability from short-term volatility.

3.10 Why RCA Requires a Formal
Ontology

This ontology enables RCA to:

analyse cross-domain institutional decay,
generalise regenerative design principles,
formalise temporal misalignment,

define architectural invariants,

and model cycle transformations mathematically.

The rest of the paper builds on these primitives.

4. Fragility Cycles: Dynamics,
Propagation, and Systemic Effects

Institutions operate within multiple overlapping cycles, but not all cycles exert the same
structural influence. Fragility cycles introduce volatility, discontinuity, or decay that undermine
long-horizon capability. This section characterises the four universal fragility cycles, formalises
their properties, and describes how fragility propagates through the institutional system.

4.1 Properties of Fragility Cycles
A fragility cycle F ; has three defining features:
(1) Exogeneity

5F,
s

The institution ( | ) cannot stabilise the cycle.



(2) Temporal Misalignment

T(F) < T(M)
Fragility cycles typically have shorter or more volatile timescales than mission cycles.

(3) Negative Capability Gradient

Variations in the cycle reduce institutional capability V.

All four fragility cycles share these structural properties, though their mechanisms differ.

4.2 Financial Fragility Cycle
(Volatility-Driven)

Definition

The financial fragility cycle Fﬁn arises from revenue volatility, cost shocks, credit conditions,

interest rate changes, and liquidity stress.

Mechanisms
Financial fragility introduces:

liability pressure (debt obligations, covenants)
refinancing risk

budget compression

cashflow turbulence

These distort capital cycles through enforced repayment and liquidity timing.
Propagation
Propagation occurs because:

K@® = I(F, ©)

Capital cycles must follow revenue volatility, forcing reactive investment behaviour.



Effects

deferred maintenance
capability decay

destabilised replacement cycles
increased operational risk

Financial fragility is the most universal and most rapid of the fragility cycles.

4.3 Political Fragility Cycle
(Turnover-Driven)

Definition

The political fragility cycle Fgw arises from electoral turnover, budget cycles, ministerial

changes, and fluctuating policy priorities.

Mechanisms

episodic funding

renewal uncertainty
discretionary timing
shifting strategic priorities
bureaucratic bottlenecks

Propagation
Grants and appropriations embed political cycles into capital cycles:

K(® = T, ()

Capital availability reflects political calendars, not mission needs.

Effects
e ‘“feast and famine” funding rhythm
e |umpy investment
e misalignment with asset decay
e inability to undertake long-horizon projects

Political fragility is the defining challenge of public finance.



4.4 Capability Fragility Cycle
(Decay-Driven)

Definition

The capability fragility cycle ( \mathcal{F} {cap} ) originates from infrastructure decay,
equipment obsolescence, throughput constraints, and predictable degradation of physical or
technical systems.

Mechanisms

asset ageing

maintenance accumulation
technology evolution
increasing failure probability
productivity decline

Temporal structure
Unlike financial or political cycles, capability fragility is:

T(Fcap) =~ constant
It is predictable, deterministic, and governed by asset lifetime distributions.

Propagation

Capability fragility constrains performance:

SV
S6F

cap

<0

But propagation occurs because capital is unavailable at the renewal point—a result of coupling
to other fragility cycles.

Effects
e lower throughput
e increased error rates
e operational disruptions
e systemic capability decline



Capability fragility is a structural phenomenon of every equipment-heavy domain.

4.5 Civic Fragility Cycle
(Coordination-Driven)

Definition

The civic fragility cycle Fciv arises from human coordination dynamics: engagement surges,

volunteer burnout, participation collapse, governance turnover, and attention cycles.

Mechanisms

episodic mobilisation
fluctuating volunteer capacity
governance instability

burnout and attrition

attention and momentum decay

Propagation
Philanthropic and community-based institutions inherit civic cycles when capital depends on:

e donor enthusiasm,
e fundraising cycles,
e community mobilisation waves.

Formally:
K@®) = I'(F_ ()
Effects
e programme interruption
e fragile staffing
e inability to scale
e inconsistent service delivery

Civic fragility is the dominant cycle in community and grassroots systems.

4.6 Fragility Propagation Across Cycles



Fragility cycles rarely act independently. They create multi-cycle propagation chains.
Example:

F —->F —>F
pol fin cap

Political volatility — budget compression — deferred maintenance — capability decay.

General propagation rule:
Proposition 1 — Fragility Propagation
If capital cycles are coupled to any fragility cycle:
K(®) = T(F (D)

then fragility propagates through all dependent mission cycles.

4.7 Compound Fragility

When multiple fragility cycles act simultaneously:

=2i:WiFi

compound
compound fragility reduces capability multiplicatively.

Proposition 2 — Compound Fragility Effect

Ve + 1) =VvOTa —a)
i
where a are fragility coefficients.

This explains why institutions degrade faster than predicted by any single fragility cycle.

4.8 Why Fragility Cycles Cannot Be
Eliminated



Each fragility cycle is generated by forces external to the institution:

e macroeconomics,
e democratic turnover,
e physical degradation laws,
e human coordination dynamics.
Thus:
SFL,
s =0

Institutions cannot eliminate fragility cycles — they can only avoid inheriting them.

This is why decoupling is not optional; it is necessary.

O Figure 1: The Core Problem — Temporal Misalignment Paper Section 4-5
Fragility cycles (3-20 years) vs Mission cycles (30-« years) — a 10-50x temporal gap
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5. Cycle Coupling: Mechanisms of
Institutional Decline

Cycle coupling is the structural mechanism that binds capital behaviour to fragility dynamics.
Traditional capital architectures encode temporal dependencies that force institutions to operate
on the timescales of their most volatile cycles. This section formalises the logic of cycle coupling
and shows why it deterministically produces fragility, decay, and institutional underperformance
in long-horizon systems.



5.1 Definition and Formal Structure of
Cycle Coupling

Definition 10 — Cycle Coupling
A cycle coupling occurs when the capital cycle K satisfies:

K() = T(F ()

where (\Gamma ) is the coupling operator that maps fragility-cycle dynamics into capital-cycle
behaviour.

Capital thus inherits the:

timing,

volatility,
amplitude,

and uncertainty

of the fragility cycle.
Traditional capital systems implement hard coupling through their required obligations:

e debt— F

fin

e grants — F
gov

e deferred maintenance — Fmp

e philanthropy/fundraising — F

Coupling forces capital to behave on the shortest-horizon, most volatile cycle available.

5.2 Temporal Mismatch Under Coupling

Proposition 3 — Temporal Mismatch
For any institution with mission cycle M and fragility cycle F:
T(M) > T(F)

Then:



K = T'(F) = systemic instability

Meaning:
e capital follows short-term cycles,
e mission requires long-term cycles,
e mismatch is inevitable,
e instability is structurally encoded.

This mismatch is not a management failure — it is a temporal design failure.

5.3 Hard Coupling in Traditional Capital
Forms

Traditional capital forms embed explicit mechanisms that force coupling:

5.3.1 Debt — Financial Coupling

Debt imposes:

fixed repayment schedule
interest accumulation
covenant rules
credit-rating sensitivity

Formally:
K@®) = T(F,,(0)
Thus:
e revenue volatility — repayment risk — capability cuts
e interest spikes — budget compression

e refinancing cycles — political exposure

Debt forces capital to obey financial time.

5.3.2 Grants — Political Coupling

Grant-based capital depends on:

e budget appropriations



e discretionary renewals
e electoral priorities

Thus:
K() = T(F,, ()
Coupling consequences:

funding surges pre-election
droughts post-election

lumpy, inefficient investment
misalignment with asset lifetimes

Grants force capital to obey political time.

5.3.3 Deferred Maintenance — Capability Coupling

Where capital availability tracks:

e equipment failure,
e urgent requests,
e reactive replacement.

Thus:
K@) = I(F,, ()
Capital arrives:

e |ate,
e insufficient,
e under crisis conditions.

Capability decay dictates capital timing — a reversal of rational design.

5.3.4 Philanthropy — Civic Coupling

Philanthropic capital depends on:

e donor cycles,
e volunteer mobilisation,
e campaign attention.

Thus:



K(t) = T(F_ (£)
Capital obeys:

e enthusiasm spikes,
e burnout cycles,
e attention waves.

Civic fragility governs capital access.

5.4 Coupling as a Fragility Multiplier
Cycle coupling multiplies fragility effects.
Proposition 4 — Coupling Amplifies Fragility
Given coupled capital:
k() = T(F()

fragility is amplified:

SV SV
8F 'coupled SF 'decoupled

Meaning:

e fragility cycles damage capability more when capital is coupled,
e because fragility affects the resourcing of capability, not just its operations.

Coupling ensures:
e fragility propagates deeper,

e recovery cycles shrink,
e instability accumulates.

5.5 Coupling as the Structural Cause of
Institutional Decay

Institutions do not decay because:

e leaders mismanage,



e budgets fail,
e planning is inefficient.

They decay because:

Mission cycles are long, but capital cycles are forcibly tied to short, volatile
fragility cycles.

Thus, long-horizon systems are governed by:

cashflow volatility, not asset lifetimes,
elections, not climate timelines,

donor enthusiasm, not civic continuity,
equipment failure, not replacement schedules.

Coupling guarantees decay even in well-run institutions.

5.6 Why Coupling Cannot Be Solved
Operationally
A critical RCA insight:

Proposition 5 — Operational Actions Cannot Break Coupling
Let:

e A = administrative actions
e (= governance reforms
e P = policy adjustments

Then for any 4, G, P:
I'(F) remains unchanged
Meaning:

no amount of planning,
process improvement,
leadership change,

or governance reform

can break the fundamental mechanism of coupling.



This is why:

hospitals cannot escape deferred maintenance,
climate agencies cannot maintain continuity,
public institutions cannot escape political cycles,
nonprofits cannot stabilise staffing or funding.

Coupling is structural; only architectural decoupling works.

5.7 Summary: Coupling Is the Enemy of
Regeneration

Cycle coupling is the core mechanism of institutional fragility:

it forces capital to obey the wrong cycles,

it embeds volatility into capability,

it multiplies fragility across domains,

it guarantees decay in long-horizon systems.

This sets the stage for Section 6, where we introduce the decoupling architecture — the only
structural remedy for cycle coupling.

6. Cycle Decoupling: Structural Separation
as Resilience

Cycle decoupling is the process of structurally separating capital cycles from fragility dynamics.
It is not a policy intervention, behavioural strategy, or management reform; itis a
reconfiguration of the temporal architecture governing capital access, renewal, and
constraints. Without decoupling, institutions cannot achieve stability or regeneration, regardless
of operational excellence.



£ Figure 2: Three-Layer System Architecture
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6.1 Definition and Formal Properties of
Decoupling

Definition 11 — Cycle Decoupling

A capital cycle K is decoupled from a fragility cycle Fl, if:

8K (D)

SF(O) 0

This means:

changes in financial volatility do not affect capital access,
changes in political turnover do not affect capital renewal,
changes in civic coordination do not affect capital continuity,
changes in capability decay do not determine capital timing.



Decoupling transforms capital into a cycle-invariant structure.

6.2 The Purpose of Decoupling

Decoupling serves three structural purposes:

1. Preventing Fragility Transmission

Fragility cycles cannot propagate through the capital layer.

2. Stabilising Capital Availability

Capital becomes predictable across time, regardless of external volatility.

3. Allowing Alignment to Mission Cycles

Once independent from fragility cycles, capital can track mission-relevant cycles instead.
This establishes decoupling as the necessary foundation for regenerative systems.

6.2.1 Mission Cycle Monotonicity Assumption

RCA assumes that mission cycles are monotonic within each renewal period—i.e., capability
requirements do not oscillate faster than the mission cadence. If mission demands fluctuate
more rapidly than capital cycles, alignment becomes underdetermined. This condition is
consistent with the physical lifetimes of assets, scientific equipment cycles, and climate
recurrence intervals.

6.3 Mechanisms for Decoupling

Decoupling is achieved by removing the channels through which fragility influences capital. RCA
identifies four primary mechanisms:

6.3.1 Removing Liabilities (Breaking Financial Coupling)

Financial fragility transmits through:

interest obligations

principal repayment schedules
refinancing deadlines

credit exposure



Removing liabilities produces:

SK

=0
fin

Capital is no longer hostage to revenue volatility, macroeconomic shocks, or creditor
constraints.

6.3.2 Abolishing Discretionary Renewal (Breaking
Political Coupling)

Political fragility transmits through:

annual budget approval
ministerial discretion
electoral turnover

grant renewal cycles

Removing discretionary renewal produces:

5K

or = 0
gov

Capital becomes independent of political time.

6.3.3 Moving Beyond Crisis-Based Funding (Breaking
Capability Coupling)

Capability fragility transmits through:

e reactive replacement
e crisis funding after failure
e equipment-driven capital timing

Decoupling requires:

5K

or = 0
ca;

P

Capital does not wait for failure; it follows mission cadence.

6.3.4 Eliminating Donor-Dependent Cycles (Breaking
Civic Coupling)



Civic fragility transmits through:

fundraising waves

donor enthusiasm
volunteer mobilisation
community attention cycles

Decoupling produces:

5K
S8F

civ

Capital becomes civic-stable.

6.4 Decoupling as a Structural Instead of
Governance Intervention

A critical insight:

Decoupling cannot be achieved through governance reform.
Policies cannot break cycle coupling because:

incentives do not eliminate dependencies,
governance changes do not remove obligations,
political agreements do not guarantee continuity,
budgeting processes cannot override electoral time.

Proposition 6 — Only Structural Reconfiguration Achieves Decoupling

For all administrative actions A4, governance reforms G, or policy adjustments P:

[):¢

SF;&O

unless the capital architecture itself changes.

Thus, decoupling must be constitutional, not managerial.

6.5 Decoupling as a Precondition for
Stability



We now state the formal stability result:
Proposition 7 — Decoupling is Necessary for Intertemporal Stability
For long-horizon institutions:
Stability = 2—1; =0
If capital inherits fragility, the institution becomes unstable.

Decoupling is the only path to resilience.

6.6 Decoupling Without Alignment Is
Insufficient

Decoupling alone creates neutral capital: stable but not regenerative.
If alignment does not follow decoupling:

e capability stagnates

e replacement schedules remain inconsistent

e |ong-run value does not compound

Thus:

Proposition 8 — Decoupling is Necessary but Not Sufficient for
Regeneration

A(K) /=Regeneration
Regeneration requires both:

1. Decoupling, and
2. Alignment to mission cycles (Section 7).

6.7 Summary: Decoupling Creates the
Space for Regeneration

Cycle decoupling:



isolates capital from external volatility,

establishes temporal autonomy,

stabilises investment,

prevents fragility propagation,

and prepares capital to be aligned with mission cycles.

Decoupling is therefore the first architectural transformation required for regenerative
institutions.

Alignment — the next section — is the second.

7. Cycle Alignment: Temporal Realignment
to Mission Cycles

Cycle alignment is the process of governing capital according to the institution’s intrinsic
temporal structures—its mission cycles—rather than the exogenous fragility cycles that shape
traditional capital systems. Once decoupled from volatility, capital can be synchronised with the
cycles that reflect institutional purpose, physical reality, and intergenerational obligations.

Cycle alignment is therefore the sufficient condition for regeneration.
Decoupling creates stability; alignment creates growth.

7.1 Definition and Formal Structure of
Alignment

Definition 12 — Alignment Mapping

LetK bea decoupled capital cycle.
Cycle alignment is a mapping:

A K M
such that:
K'(t) = M(t)

This ensures that capital and mission cycles operate on the same temporal cadence.



Interpretation:

capital arrives when assets need renewal,

capital replenishes on the cadence of capability cycles,
capital follows the timelines of climate adaptation,
capital supports community continuity,

capital reflects intergenerational mission horizons.

Alignment is the temporal governance of capital.

This definition is directly equivalent to the Alignment Operator A formalised in Alignment Capital
(2025). RCA treats A as the second half of the A—A architecture: A prevents fragility
transmission, and A ensures mission-governed temporal cadence.

7.2 Necessary and Sufficient Conditions
for Alignment

To achieve full alignment, three temporal equivalence conditions must hold.
Condition 1 — Period Alignment

T(K) = T(M)
Capital recurs on the same timeline as the relevant mission cycle.
Condition 2 — Phase Alignment

GK) = d(M)

Capital arrives at the correct point in the mission cycle (e.g., replacement at end-of-life, not
during mid-life).

Condition 3 — Amplitude Alignment
AK) = A(M)

Amplitude ensures the volume of capital matches mission requirements.

Only when all three conditions hold can alignment be considered complete.



7.3 The Alignment Operator and Temporal
Synchronicity
Cycle alignment can be seen as a temporal synching process.

Let:

e ((t) = capital availability over time
M (t) = mission demand over time

Alignment requires:
C(t) = M(¢t) vt

This means the shape of capital across time mirrors the shape of mission needs.

Consequences:
e no underinvestment during critical periods
e no overinvestment during low-need periods
e predictable capability formation
e stable intertemporal planning

The institution becomes synchronised with its own purpose.

7.4 Alighment as a Regenerative Process

Once capital is aligned to mission cycles, institutions exhibit regenerative behaviour.

Proposition 9 — Alignment Induces Regeneration

If:
1. A(K) (decoupling), and
2. A(K) (alignment),
then:

av
?>0

Institutional capability V increases with each cycle of capital.



Why?

Because:
e capital is not depleted (non-extractive),
e capital persists (multi-cycle),
e capital re-enters productive use (regenerative),
e capital follows mission logic (aligned).

This produces compounding value.

7.5 Alighment Restores Temporal Integrity

Traditional systems experience temporal fragmentation:

capital follows political cycles,
assets follow decay cycles,

staff follow organisational cycles,
climate follows physical cycles.

RCA restores:

K (t) = M(¢)
Capital and mission now inhabit the same temporal regime.

We call this temporal integrity.

7.6 Examples of Alignment Across
Domains

Infrastructure

Capital matches the 12-25 year asset renewal cycle.

Healthcare

Capital tracks equipment lifetimes (3-8 years) instead of budget cycles (1 year).

Climate Adaptation



Capital tracks flood recurrence intervals (5—20 years), not elections (3—4 years).
Science

Capital tracks technology refresh cycles (3—7 years), not grant cycles (1-3 years).
Civic Systems

Capital tracks community continuity, not donor enthusiasm.

In every domain, alignment replaces volatility with rhythmic capability formation.

7.7 Alignment Without Decoupling Is
Impossible

If capital cycles remain coupled to fragility cycles, alignment cannot be achieved.

Proposition 10 — Coupling Prevents Alignment

If:

[):¢
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then:
K(t) # M(t)

at some or all points in time.

Meaning:
e politically timed capital cannot align with asset lifetimes,
e revenue-driven capital cannot align with climate timelines,
e donor-driven cycles cannot align with community continuity,
e reactive replacement cannot align with capability cadence.

Thus:

Decoupling is required before alignment.
Alignment is required before regeneration.

Together, these produce the RCA architecture.



7.8 Summary: Alignment as the Temporal

Engine of Regeneration

Cycle alignment:

links capital to mission,

synchronises institutional capability formation,
replaces volatility with rhythmic investment,
enables multi-cycle compounding value,
restores long-horizon coherence.

Alignment is the engine of regeneration.
Decoupling is the shield that protects it.

The next section formalises the architectural principles that all regenerative systems must obey:

the Six Structural Invariants of RCA.

O Figure 5: Six Structural Invariants

Properties that must hold for a capital structure to qualify as RCA-compliant

I.  Non-Extractive 0
No principal or interest extraction from beneficiaries
Vt: E(t) = @ where E = extraction function
I Multi-Cycle Regeneration
o v 9

Capital returns for subsequent deployment

JR > 0: C_{n+1} =R x C_n

2 Is Decentralised Agency
Beneficiary autonomy in capital deployment

©

Vb: A(b) > A_min where A = agency measure

I: Non-Liability
Recipients bear no repayment obligation

Vb € B: L(b) = @ where L = liability function

I. Cycle-Aligned Deployment
Capital timing matches mission requirements

6Kx/6F = @ A Kx(t) = M(t)

I. Compounding System Value
Each cycle adds to cumulative impact

TSV_n > TSV_{n-1} for sustainable R

Paper Section 7

Completeness Theorem: A capital structure satisfying all six invariants (Ifle) achieves cycle decoupling (A) and mission alignment (A). PSC is proven to satisfy

all six.

8. Regenerative Dynamics and the Six

Structural Invariants



Cycle decoupling (Section 6) and cycle alignment (Section 7) describe operations that transform
institutional behaviour. Regeneration emerges when these operations are structurally
encoded. To formalise this, RCA introduces six structural invariants—properties of the
architecture that must remain true across all cycles.

The six invariants collectively implement the A—A architecture. Invariants 1-3 operationalise A
(decoupling from fragility), while Invariants 4—6 operationalise A (alignment to mission). This
correspondence makes the RCA invariants jointly necessary and sufficient for regenerative
dynamics.

These invariants are necessary and jointly sufficient for regenerative dynamics.
They ensure capital cycles remain independent of fragility, governed by mission cycles, and
capable of producing long-run compounding capability.

~7 Figure 3: Capital Evolution — Coupled vs RCA (Decoupled) Paper Section 8

Coupled capital experiences periodic shocks from fragility cycles; RCA capital follows smooth trajectory
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- Coupled (with shocks) --Initial Capital - RCA (decoupled)

Note: Coupled capital shows periodic drops at financial (4yr) and political (6yr) cycle intervals. RCA capital maintains smooth C, = C, x R"" trajectory.

8.1 Regenerative Dynamics: A Formal
Statement

Let:

K(t) = capital cycle
M(t) = mission cycle
V(t) = institutional capability

e [ =fragility cycles

A system is regenerative if and only if:



1. Fragility-independence:

=0
2. Mission-aligned capital:
K(t) = M(b)
3. Positive capability gradient:
>0

dt

These three properties are guaranteed when all six invariants hold.

8.2 The Six Structural Invariants

Below, each invariant is presented with:

e a formal condition,
e a conceptual explanation,
e and a practical implication.

Invariant 1 — Non-Extractive Dynamics

Formal Condition

Vvt: Outflow =0

external

No value leaves the system via interest, surplus extraction, dividends, or enforced transfers.

Conceptual Meaning

Regenerative capital must retain all generated value.
Extraction embeds fragility by creating continuous obligations.

Implications

e No interest
e No return-on-capital claims



e No ownership-driven surplus flows

Extractionless capital allows capability to accumulate instead of being drained.

Invariant 2 — Non-Liability Structure

Formal Condition

Vt: Obligation(t) # Enforceable
Capital imposes no enforceable principal or interest liabilities.
Conceptual Meaning

Liabilities are the main transmission channels of financial fragility.

Implications
e No default risk
e No refinancing cycles
e No forced repayment timing
e No penalties or covenants

Without liabilities, capital becomes immune to financial volatility.

Invariant 3 — Multi-Cycle Regeneration

Formal Condition

¢ =cR", Re[1]

n
Principal persists across cycles; the capital base is never extinguished.
Conceptual Meaning

Regeneration is not a “policy”; it is a structural recurrence.

Implications

e One unit of capital supports many cycles
e System value increases with each deployment
e Long-horizon capability emerges naturally



This invariant creates the “temporal flywheel” of RCA.
Invariant 4 — Cycle-Aligned Deployment

Formal Condition

T(K) = T(M), ¢(K) = ¢(M), A(K) = A(M)
Capital follows asset lifetimes, capability cadence, and mission horizon.
Conceptual Meaning

Alignment ensures that capital is useful at the moment it is needed.

Implications

No deferred maintenance
No reactive replacement

No political timing distortions
No donor-driven surges

This invariant enforces temporal synchronicity.

Invariant 5 — Decentralised Agency

Formal Condition

Decision Rights(K) = Local/Mission — aligned
Authority resides with the actors closest to mission execution.
Conceptual Meaning

If capital access requires central approval, fragility re-enters the system.

Implications
e No discretionary gatekeeping
e Rules-based instead of approval-based access
e Federated capital pools
e Autonomy at the organisational edge

Decentralised agency prevents bottlenecks and reinforces alignment.



Invariant 6 — Compounding System Value

Formal Condition
Vi + 1) =V(©) + f(K@), f()>0
System value increases with each cycle.
Conceptual Meaning
Regeneration means that each cycle leaves the system stronger than the last.
Implications
e Capital supports long-run capability formation

e System IRR becomes positive without extraction
e The institution’s trajectory becomes upward-sloping

This invariant produces multi-decade compounding capability.

8.3 Why All Six Invariants Are Necessary

If even one invariant fails, regeneration collapses:

If this invariant is missing... Then the system becomes...
Non-extractive dynamics financially drained

Non-liability structure volatility-coupled

Multi-cycle regeneration zero-sum or one-shot
Cycle-aligned deployment misaligned, inefficient
Decentralised agency bottlenecked & political
Compounding value stagnant or declining

The invariants function as interlocking constraints.
They form the architectural “DNA” of regenerative institutions.



8.4 The Six Invariants as a Unified
Architecture

Collectively, the invariants ensure:

1. No external fragility enters (Invariants 1-2)

2. Internal cycles regenerate capability (Invariants 3—4)
3. Governance supports mission autonomy (Invariant 5)

4. Value compounds across cycles (Invariant 6)

These four outcomes define the signature of RCA systems.

8.5 Regenerative Systems as Temporal
Attractors

RCA systems tend toward a stable, self-reinforcing equilibrium:
Vit + 1) > V() vt
This is the opposite of traditional institutions, which tend toward:
Vit + 1) < V()
due to fragility propagation.

Regenerative cycles are therefore attractor states—
structures that naturally generate stability, capability, and resilience over time.

8.6 Summary: RCA as a Structural, Not
Behavioural, System

The Six Invariants establish RCA as:

e architectural, not programmatic



e structural, not managerial
e temporal, not transactional
e general, not domain-specific

Any institutional system—capital, scientific capability, climate resilience, civic networks—can be
made regenerative if and only if these invariants hold.

9. The RCA System Model: Architecture,
Diagrams, and Stability Propositions

This section presents the full system architecture of Regenerative Cycle Architecture
(RCA). It integrates the formal ontology (Section 3), the fragility-cycle decomposition (Section
4), the coupling/decoupling transformations (Sections 5-6), and the alignment mechanism
(Section 7) into a single structural model.

We describe the RCA architecture in three layers:

1. The Fragility Layer — exogenous cycles
2. The Capital Layer — temporal governance
3. The Mission Layer — asset, capability, and social cycles

The architecture diagrams in this section can later be rendered visually.

| Figure 4: Cumulative System Value — The Decoupling Advantage Paper Section 9

RCA systems accumulate significantly more value over time by avoiding fragility-driven losses
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9.1 Layer 1 — The Fragility Cycle Layer
(Exogenous Temporal Forces)

This layer consists of the four fragility cycles:

F={F_,F ,F ,F }

fin'" gov' cap’ civ
Properties:

exogenous

volatile or turnover-driven

misaligned with mission cycles
systematically negative capability gradient

In traditional systems, they govern capital via coupling.
In RCA systems, they exist but cannot govern capital.

9.2 Layer 2 — The Capital Cycle Layer
(Temporal Governance Layer)

This layer determines how capital behaves over time.

Two architectures exist:

Traditional Architecture
Capital layer is embedded inside fragility cycles:
K@) = T(F(®)

The diagram shows arrows from each fragility cycle into the capital layer: capital follows
volatility.

RCA Architecture
Capital is protected from fragility via decoupling:

8K
SF =0

Then capital is aligned with mission:



K@) = M(t)

The diagram shows

red “fragility — capital” arrows removed,
new green arrows “mission — capital.”

This layer is the temporal constitution of the system.

9.3 Layer 3 — The Mission Cycle Layer
(Intrinsic Temporal Structures)

Mission cycles include:

M = {M ;M e ) . P . ) . . }
asset’  capability’  continuity’  climate intergenerational
They define:
e replacement intervals
e equipment lifetimes
e capability renewal cadence
e |ong-horizon social obligations

These cycles are predictable and stable.

In RCA, capital mirrors them.

In climate adaptation systems, this mapping takes a specific form: mission cycles correspond to
physical recurrence intervals and asset lifetimes (flood cycles, fire seasons, coastal erosion
windows). In subsequent work, this is formalised as PSC-G, the governance-mode instantiation
of PSC designed for political-fragility domains. PSC-G should be interpreted as a mission-layer
alignment engine within RCA.

Figure Description

A lower band with slower, smoother cycles — 5-year, 8-year, 20-year waves — labelled “Mission
Layer — Endogenous Cycles.”

9.4 Formal System Model

The RCA system can be described as a temporal transformation pipeline:



Traditional System
FT — K-V(¢t)
Fragility — capital timing — decaying capability.
RCA System
FMA - KA->M-V(t)
Where:

e A =decoupling
e A =alignment

Capital ignores fragility and follows mission.

9.5 Stability Conditions

Proposition 11 — Stability Condition Under RCA
A system is intertemporally stable if:
=0
and
Var(K) ~ Var(M)
This implies:

e stability arises when capital variance matches mission cycle variance
e fragility variance cannot influence capital variance

9.6 Regenerative Condition

Proposition 12 — Regenerative Condition

A system is regenerative if:



and the Six Invariants hold.
This ensures:
e capital magnitude meets or exceeds mission needs

e capital timing matches mission timing
e capability compounds across cycles

Thus:

Vit + 1) > V(b)

9.7 Failure Condition in Traditional
Systems

Proposition 13 — Deterministic Decline Under Coupling
Given any fragility cycle FL, with:
T(F) < T(M)

and capital coupled:

K = T(F)
then:

Vit + 1) < V()

Long-horizon institutions must decay under coupling.

This is the formal root of institutional fragility.

9.8 Summary: RCA as a Temporal
Governance Architecture

The RCA system model shows:

e fragility cycles exist — but do not govern capital
e capital cycles are protected — then aligned



e mission cycles drive capability formation
e institutions become stable — then regenerative

The architecture is general-purpose and domain-independent.

10. PSC as the First Instantiation of RCA
(Capital Layer)

Regenerative Cycle Architecture (RCA) is a general meta-theory of temporal governance in
institutional systems. It applies to any domain where long-horizon mission cycles collide with
short-horizon fragility cycles. Perpetual Social Capital (PSC) is the first complete,
mathematically specified implementation of RCA at the capital layer.

PSC demonstrates that regenerative temporal architectures are not hypothetical—they can be
constructed, deployed, and formally analysed.

PSC realises all components of RCA:

cycle decoupling,

cycle alignment,

regenerative multi-cycle capital,
and the six structural invariants.

We now show how PSC embodies each aspect of the RCA architecture.

10.1 PSC as Decoupled Capital

The defining structural properties of PSC are:

Zero interest

Non-liability, soft-repayable principal
Indefinitely recyclable capital
Mission-alighed recycling window

No default, no penalties, no covenants

aokrwbd-~

These ensure:

5K

sr = 0

PSC is fully decoupled from all four fragility cycles:



(1) Decoupling from Financial Fragility
No liabilities — no exposure to:

interest shocks,

revenue volatility,

refinancing cycles,

creditor discipline mechanisms.

Financial fragility cannot influence PSC capital cycles.

(2) Decoupling from Political Fragility

PSC capital:
e does not require re-approval,
e does not depend on electoral cycles,
e is not discretionary,
e cannot be rescinded through policy turnover.

Thus:

(3) Decoupling from Capability Fragility
PSC capital does not follow equipment failure cycles or crisis-driven replacement.

PSC capital can be scheduled ahead of failure:

5K
S6F

cap

=0

(4) Decoupling from Civic Fragility
PSC capital is not tied to donor enthusiasm, grassroots mobilisation, or community attention.

Thus:

0K
SF |

civ

=0

All four fragility transmission channels are fully blocked.



10.2 PSC as Aligned Capital

PSC allows institutions to set a recycling rate ( R ) that matches mission cadence:
K(t) = M(t)
Examples:

e A 4-year defibrillator asset — PSC recycling every 4 years
e A 6-year MRI replacement — PSC recycling every 6 years
e A 10-year local climate adaptation project — PSC recycling every 10 years

Thus PSC produces temporal synchronicity between:

capital cycles

asset lifetimes

capability renewal cycles
mission horizons

This is precisely the alignment operator A defined earlier.

10.3 PSC’s Regenerative Dynamics

PSC mathematically defines multi-cycle regeneration:

n—1
C =C0R

n

Where:

° C0= initial capital
e R € [0,1] = recycling rate
e n = number of cycles

Properties:

capital never extinguishes,

capital never becomes a liability,

capital never leaves the system,

capital compounds system capability,
capital is always available for the next cycle.

Thus PSC satisfies the formal definition of Regenerative Cycles (Section 3.8).



This formulation corresponds directly to Invariant 3 (multi-cycle regeneration). Unlike earlier
drafts of PSC that incorrectly used the exponent (1/N — 1), RCA adopts the correct geometric

recursion Cn = CORn_l, ensuring mathematical consistency across the RCA-PSC family.

10.4 PSC Satisfies All Six Structural
Invariants

A regenerative architecture must satisfy the Six Invariants. PSC does.

RCA Invariant PSC Mechanism Result
1. Non-extractive Zero interest, no surplus claims Capital retains all value
2. Non-liability Soft-repayable principal, no Stability, no fragility
enforcement transmission
3. Multi-cycle Capital recycling ¢ = CORn_l Persistent capital
regeneration " availability
4. Cycle-aligned Recycling period chosen to match Predictable renewal
deployment mission cycle
5. Decentralised agency | Frontline-controlled capital pools No bottlenecks, no
gatekeeping
6. Compounding System IRR>0forany R > 0 Capability accumulates
system value

PSC is the only known capital architecture that satisfies all six invariants simultaneously.

10.5 PSC Expresses the RCA System
Model

Using the three-layer RCA architecture:

Fragility Layer

PSC completely severs all arrows from fragility cycles — capital.



Capital Layer (PSC)
PSC introduces:

e zero extraction — smooth capital waveform
e soft recycling — rhythmic recurrence
e non-liability — no volatility distortions

Capital sits in a cycle-constitutional state.

Mission Layer

PSC aligns capital to:

e asset lifetimes,
e capability cadence,
e social/continuity cycles.

Capital waveform matches mission waveform.

10.6 PSC as Proof of RCA Feasibility

PSC provides empirical and mathematical validation that:

decoupling is operationally achievable,

alignment can be encoded into system design,

multi-cycle regeneration produces measurable system benefits,
capital can be non-extractive and non-liability at scale,

institutions can transition from fragile to regenerative architectures.

abrwbd-~

PSC demonstrates that RCA is not aspirational but implementable.

10.7 PSC as a Template for Other RCA
Systems

PSC is not the limit of RCA — it is the beginning.
Future RCA implementations may include:

e Regenerative Scientific Capability Systems



Regenerative Civic Coordination Systems
Regenerative Climate Adaptation Systems
Regenerative Knowledge & Data Systems
Regenerative Infrastructure Systems

PSC proves that once an RCA architecture is built for one layer (capital), it can be replicated
across all layers.

PSC is therefore the first concrete demonstration of the RCA paradigm.

11. Domain Demonstrations: Climate,
Science, Infrastructure, and Civic Systems

RCA is a domain-general meta-theory: it explains institutional fragility across sectors by
identifying temporal misalignment as the underlying failure mode. This section demonstrates
how RCA transforms four major domains—climate adaptation, scientific capability, infrastructure
renewal, and civic systems—each dominated by different fragility-cycle configurations.

These cases are illustrative, not exhaustive. They show how a unified temporal architecture
produces consistent effects across heterogeneous institutional environments.

@ Figure 6: Domain Applications — Where RCA Solves Temporal Failures Paper Section 11

Click any domain to see detailed fragility-mission misalignment analysis

3 Climate Adaptation & Scientific Capability

Temporal gap: 40-50x temporal gap Temporal gap: 5-12x temporal gap
B Infrastructure = Civic Systems
Temporal gap: 10-25x temporal gap - Temporal gap: <x temporal gap

11.1 Climate Adaptation: From Political
Time to Physical Time

11.1.1 Dominant Fragility Cycles

Climate adaptation is governed by:

e Political fragility: budgets tied to elections, ministerial reshuffles, and policy shifts



e Financial fragility: emergency funding, ad-hoc grants after disasters
e Capability fragility: ageing levees, floodwalls, fire equipment
e Civic fragility: community mobilisation spikes after events, collapse in quiet years

The critical mismatch is:

T(F,, ) <TM,, )

climate

Political cycles are 3 years.
Flood recurrence cycles may be 7-20 years.
Infrastructure renewal cycles may be 10—40 years.

Traditional funding cannot align to physical reality.

11.1.2 How RCA transforms climate adaptation

Decoupling
Capital no longer depends on:

e budget windows
e electoral incentives
e disaster cycles
e donor attention

Thus
5K
s — 0
govl
Alignment
Capital aligns to:
e recurrence intervals
e infrastructure lifetimes
e fire season intensity cycles
e climate-risk trajectories
K(t) = Mclimate(t)
Outcome

Climate resilience becomes:



predictable,
pre-funded,
rhythmic,
mission-timed,
long-horizon stable.

The system shifts from crisis-response to regenerative adaptation.

11.2 Scientific Capability: From Grant
Cycles to Capability Cycles

11.2.1 Dominant Fragility Cycles

Science is governed by:

Political fragility: grant cycles tied to budgets

Capability fragility: instrument decay and obsolescence
Financial fragility: revenue shocks, variable grant success
Civic fragility: attention-driven philanthropy

The critical mismatch:

T(Fpol) <« T(Mcapability)
Examples:
e microscopes: 4—6 years
e sequencing rigs: 2—4 years
e MRI machines: 5-8 years
e climate sensors: 5-15 years

Yet grants arrive in 1-3 year cycles.

Capability collapses due to mismatch.

11.2.2 How RCA transforms scientific capability

Decoupling

Capital no longer depends on grant success.
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Alignment
Capital matches:

e equipment refresh cadence
e experimental throughput demand
e infrastructure upgrade windows

K@) =M 0

capability
Outcome

RCA delivers:

continuous scientific capability

stable lab infrastructure

multi-decade research programmes
reproducibility through equipment continuity

Science becomes capability-stable, not grant-volatility-driven.

11.3 Infrastructure: From Decay to
Predictable Renewal

11.3.1 Dominant Fragility Cycles

Infrastructure systems face:

Financial fragility: budget cuts, interest rate shocks
Political fragility: election-driven spending cycles
Capability fragility: ageing networks, physical decay
Civic fragility: local pressure cycles, activism waves

Critical mismatch:

T(F,) < T(M_ )

asset

Infrastructure assets typically have lifetimes of:



e roads: 20—40 years
e bridges: 50-100 years
e water assets: 15-60 years

Financial and political cycles cannot sustain these horizons.

11.3.2 How RCA transforms infrastructure systems

Decoupling

Capital is protected from financial shocks and political volatility:

5K
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Alignment
Capital follows asset lifetimes:

K© =M __ ©

asset

Outcome
Infrastructure becomes:

predictably renewed

cheaper over the asset lifecycle
resilient to budget cycles
capable of long-term planning

Deferred maintenance disappears as a phenomenon.

11.4 Civic Systems: From Episodic
Participation to Durable Capability

11.4.1 Dominant Fragility Cycles

Civic institutions depend heavily on:



Civic fragility: volunteer spikes and burnout

Financial fragility: donation cycles

Political fragility: sporadic grants

Capability fragility: programme collapse during low-engagement periods

Critical mismatch:

T(F_) « T(M )

continuity

Communities need continuity.
Civic systems provide episodic surges.

11.4.2 How RCA transforms civic systems

Decoupling
Capital no longer depends on:

e fundraising cycles
e enthusiasm waves
e volunteer mobilisation

5K
6Fciu - 0
Alignment
Capital supports:
e stable service delivery
e ongoing operational capability
e continuous presence
e community stewardship cycles
K(t) - Mcontinuity(t)
Outcome

Civic institutions become:

dependable

resilient to burnout
mission-stable

capable of long-term planning



Community continuity becomes the governing cycle.

11.5 Summary: Across Domains, RCA
Produces the Same Transformation

In every domain:

e fragility cycles differ,
e mission cycles differ,
e operational needs differ.

But RCA imposes a unified transformation:

Decouple capital from fragility cycles
Align capital to mission cycles
Satisfy the Six Invariants

Produce regenerative dynamics

e

The result is:

stability,

capability growth,

predictable renewal,

and long-horizon institutional resilience.

RCA therefore acts as a domain-general architecture.

12. The Cycle Constitution: A New
Category of Institutional Design

Every durable civilisation breakthrough has emerged from the creation of constitutional
boundaries that protect long-horizon functions from short-horizon pressures. Political
constitutions protect freedoms from electoral swings. Judicial independence protects legal
continuity from political interference. Central bank independence protects monetary stability
from fiscal cycles.

Regenerative Cycle Architecture introduces a new constitutional category:
the cycle constitution — a structural separation that governs the temporal behaviour of capital
and shields mission cycles from fragility cycles.



The cycle constitution is the temporal equivalent of classical constitutional design.
Where political constitutions protect power, cycle constitutions protect time.

[© Figure 7: The Cycle Constitution — Protecting Temporal Integrity Paper Section 12

Structural regime that prevents fragility re-coupling

Cycle Constitution Q

A structural regime protecting cycle-aligned capital from fragility reversion

8 Decoupling Locks ) Amendment Thresholds ®© Transparency Requirements
« Capital deployment rules « Supermajority requirements « Public cycle metrics

» Recycling rate floors « Time-delayed changes « Alignment reporting

» Mission-cycle matching « Stakeholder vetoes « Invariant audits

Purpose: The Cycle Constitution ensures that once capital achieves mission alignment, it cannot be recoupled to short-horizon fragility cycles through
governance capture or drift.

12.1 Definition of the Cycle Constitution

Definition 13 — Cycle Constitution
A cycle constitution is a structural regime in which:

1. Capital cycles are decoupled from fragility cycles

6K

sr = 0

2. Capital cycles are aligned to mission cycles

K@) = M(o)

3. All Six Structural Invariants hold across time

Formally:

constitution

C = {K: A(K) A A(K) A Invariants(1 — 6)}

This is a meta-constraint on an institution’s temporal behaviour.



It is not a rule, a policy, or a reform — it is a structural guarantee.

12.2 Why a Cycle Constitution Is
Necessary

Traditional institutions lack temporal protection.
This produces deterministic failure because:

financial volatility leaks into capital cycles

political timing governs investment

infrastructure fails on misaligned timelines

scientific capability collapses due to grant cycles
community organisations oscillate with civic engagement

In every case, time itself is unprotected.

This is analogous to governance systems before written constitutions, when power was
unbounded and unstable.

Institutions without cycle constitutions are temporally ungoverned.

12.3 What a Cycle Constitution Does

The cycle constitution ensures:

1. Fragility exclusion

Fragility cycles cannot enter the capital layer.

2. Mission primacy

Mission cycles become the governing temporal structure.

3. Temporal invariance

Rules that govern capital behaviour remain stable across cycles.
4. Predictable renewal

Mission-aligned rhythms govern asset replacement, capability formation, and long-horizon
planning.



5. Intergenerational continuity
The institution's temporal structure becomes durable across decades.
6. Structural autonomy

Capital flows cannot be weaponised by politics, markets, or civic volatility.

This grants institutions the ability to operate on their intended temporal horizon.

12.4 The Architecture of the Cycle
Constitution

A cycle constitution is composed of three structural elements:

12.4.1 The Temporal Firewall

A boundary that blocks fragility cycles from influencing capital:

no liabilities

no interest

no covenant exposure

no renewal dependencies
no donor-driven volatility

Formally:

8K
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Equivalent to the separation of powers in political constitutions,
this is the separation of cycles.

12.4.2 The Mission Alignment Rule

Capital cycles must follow mission cycles, not external cycles:

K@) = M(t)



Mission-aligned capital is the temporal equivalent of judicial independence:
it obeys laws of purpose, not laws of volatility.

12.4.3 The Invariance Conditions

The Six Structural Invariants ensure the constitution persists across time:

Non-extractive
Non-liability

Multi-cycle regeneration
Cycle-aligned deployment
Decentralised agency
Compounding value

ook wh=

These are the temporal analogue of rights protections and separation of powers in governance
constitutions.

A cycle constitution assumes mission stability—i.e., that the core mission cycle is exogenous to
political, financial, or civic fluctuations. If mission drift occurs endogenously (e.g., due to
governance capture or internal fragmentation), alignment conditions may fail even under a
constitutionally protected capital architecture. RCA treats mission drift as an orthogonal
governance problem requiring separate institutional safeguards.

12.5 Constitutional vs. Non-Constitutional
Temporal Governance

We can formalise two institutional regimes:

Regime A — Non-Constitutional (Traditional)

Capital follows:
K = I'(F)
This ensures:
e volatility amplification

e temporal mismatch
e deterministic decline



Equivalent to pre-constitutional politics:
unstable, reactive, fragile.

Regime B — Constitutional (RCA)

Capital follows:

This ensures:

e temporal stability
e capability renewal
e regenerative compounding

Equivalent to constitutional governance:
stable, predictable, anti-fragile.

12.6 Why Institutions Need a Cycle
Constitution as Much as a Political
Constitution

Political constitutions protect the distribution of power.
Cycle constitutions protect the distribution of time.

Without temporal protection:

long-term infrastructure collapses
intergenerational projects fail
scientific capacity oscillates
climate adaptation is misaligned
civic systems burn out

economic systems destabilise

Just as societies without political constitutions experience arbitrary state collapse, institutions
without cycle constitutions experience temporal collapse.

This is not a metaphor — it is a structural phenomenon.



12.7 PSC as a Cycle Constitutional
Implementation

PSC demonstrates what a cycle constitution looks like in practice:

liabilities removed — temporal firewall

interest eliminated — no extractive fragility

recycling parameter sets mission cadence — alignment
capital persists indefinitely — invariants satisfied
decentralised pools — autonomous temporal governance
capability compounds — regenerative dynamics

PSC is constitutional capital.
It is to institutional time what constitutions are to political power.

12.8 The Cycle Constitution as a General
Governance Category

The cycle constitution is generalisable across domains:

capital governance (PSC)

scientific capability governance
climate adaptation governance
infrastructure maintenance governance
civic coordination governance

data and knowledge cycle governance

Each domain has its own fragility cycles.
Cycle constitutions protect against them.

RCA defines the category; PSC is the first instance.

12.9 Summary: A New Foundational
Concept in Institutional Theory

The cycle constitution is the core innovation of RCA:

e a new class of constitutional design



e targeting temporal misalignment
e enabling regeneration
e protecting institutions from volatility

Where political constitutions encode who decides,
cycle constitutions encode how time governs.

Together, they produce institutions that are:

stable,

anti-fragile,
mission-aligned,
regenerative across cycles.

13. Methodology, Scope, and Limiting
Conditions

RCA is a meta-theoretical framework derived through the integration of systems theory,
institutional economics, resilience science, lifecycle analysis, political economy, and capital
architecture design. To ensure clarity and academic rigour, this section outlines the methodology
used to construct the theory, the scope of its applicability, and the limits of its explanatory power.

13.1 Methodological Approach

RCA is built through a four-stage methodological synthesis, each grounded in established
analytical traditions but culminating in a novel category of theory.

Stage 1 — Cycle Decomposition (Systems Analysis)

The first methodological step was the decomposition of institutional environments into temporal
cycles:

financial

political
capability

civic

asset lifetime
climate
intergenerational



This draws from systems theory, cybernetics, and resilience analysis, but reinterprets those
traditions through a temporal lens.

Stage 2 — Temporal Misalignment Analysis (Institutional
Economics)

The second step identified temporal mismatch as the recurring structural cause of institutional
fragility.

This was achieved by:

e analysing the timescale differences between fragility cycles and mission cycles
e mapping capability decay reactions to capital timing
e tracing failures across historical datasets and case studies

This stage establishes the central insight:
institutions do not fail from resource scarcity; they fail from cycle misalignment.

Stage 3 — Capital Architecture Examination (Public
Finance, Contract Theory)

The third step involved analysing how traditional capital structures—debt, grants, equity,
philanthropy—encode temporal coupling into institutional behaviour.

This analysis revealed that:

all prevailing capital architectures inherently couple to fragility cycles
none offer temporal invariance

none support mission-aligned timing

none allow multi-cycle regeneration without extraction

This stage motivates the need for a new capital architecture consistent with RCA.

Stage 4 — Constitutional Generalisation (Political Theory,
Institutional Design)

The final step generalised the architecture into a constitutional form, establishing a new
category:

cycle constitution = a constitutional rule that governs time, not power



This transforms RCA from a descriptive theory into a normative-architectural framework that can
be applied across domains.

13.2 Philosophical Orientation

RCA is grounded in three philosophical commitments:

1. Institutional Realism

Institutions operate under constraints they do not control (economic, political, physical, civic).
Thus, the relevant causal structures must be structural, not behavioural.

2. Temporal Materialism

The most important institutional resource is time, not money.
Capability formation depends on aligning capital with temporal reality.

3. Anti-Volatility Governance

Systems should be designed to prevent fragility propagation rather than reacting to it.
This echoes both anti-fragility theory and constitutional design.

13.3 Scope of Applicability

RCA applies to any system exhibiting four properties:

(1) Long-horizon mission requirements

e.g., climate adaptation, scientific capability, infrastructure renewal, health systems.
(2) Exposure to short-horizon fragility cycles

e.g., elections, revenue volatility, civic burnout.

(3) Dependence on capital or resource cycles

e.g., equipment cycles, maintenance cycles, capability cycles.

(4) Susceptibility to temporal mismatch

e.g., funding arrives too late, too early, or too inconsistently.



Domains where RCA is directly applicable include:

public finance

critical infrastructure

health and hospital systems

scientific labs and research capability
civic institutions and nonprofits

climate adaptation and disaster resilience
local government and community systems
long-horizon public goods

RCA’s design architecture is domain-general and system-agnostic.
The practical applications of RCA have already been instantiated through the PSC family of
modes: PSC-F (financial fragility domains), PSC-Cap (capability fragility domains), PSC-Civ

(civic fragility domains), and PSC-G (political fragility domains). These demonstrate that RCA's
cycle-constitutional logic is not theoretical but operational across multiple fragility regimes.

13.4 Boundaries and Limiting Conditions

RCA, while broad, does have clear analytical boundaries.

(1) RCA Does Not Predict Political or Economic
Behaviour

It does not model:

political coalitions,
macroeconomic cycles,
microeconomic incentives,
behavioural responses.

It treats those as exogenous fragility cycles, not endogenous institutional drivers.

(2) RCA Does Not Replace Operational Management

Even under a cycle constitution, institutions still require:

operational competence,
strategic planning,
technical expertise,
governance oversight.



RCA does not remove the need for good management—it removes the temporal constraints
that would otherwise make good management insufficient.

(3) RCA Requires Mission Clarity

Alignment requires a definable mission cycle.
RCA is not suitable for institutions whose missions are:

e undefined,
e contradictory,
e or unstable.

Mission identity must be coherent for alignment to function.

(4) RCA Does Not Determine Optimal Recycling Rate

PSC and other RCA systems require specifying a recycling rate R.
RCA’s role is structural, not quantitative.
Determining R is a domain-specific optimisation problem.

(5) RCA Cannot Eliminate Fragility Cycles

Fragility cycles remain exogenous:

elections will continue
revenue volatility persists
equipment decays

civic participation fluctuates

RCA does not remove fragility; it prevents fragility transmission.

(6) RCA Does Not Guarantee Infinite Growth

Regeneration yields:

e stability,
e resilience,
e multi-cycle compounding capability.

But it does not imply infinite expansion or unconstrained scaling.
Capacity still depends on mission demand and resource environments.



13.5 Epistemic Limitations

RCA is a structural theory, not an empirical predictive model.
Its epistemic scope is:

ontological (defining system types)

architectural (defining system structures)

normative (what institutions should do to be regenerative)
analytical (explaining failure and success modes)

Future empirical work is required to measure:

fragility coefficients,

alignment efficiency,

regeneration rates,

system IRRs across domains,
propagation patterns in real-world cases.

This is why Section 14 will outline a research agenda.

13.6 Summary: Methodology Defines
RCA'’s Intellectual Coherence

This section establishes that RCA is:

derived from systematic analytic synthesis,
positioned as a meta-theoretical framework,
bounded by explicit limitations,
architecturally grounded,

and ready for empirical extension.

It clarifies what RCA claims, what it does not claim, and how it should be interpreted within
academic discourse.

14. A Future Research Programme for
RCA

Regenerative Cycle Architecture (RCA) introduces a new conceptual category in institutional
theory: the cycle constitution and the formal separation of fragility cycles from mission



cycles through structural decoupling and alignment. As a meta-theory, RCA provides a
generative foundation for a wide interdisciplinary research programme.

This section outlines the major avenues for scholarly, empirical, technical, and policy-oriented
research now opened by RCA.

14.1 Empirical Research Directions

RCA generates a new empirical agenda focused on measuring and mapping temporal
structures in real-world systems.

14.1.1 Measuring Fragility Cycles and Their Properties

Empirical tasks include:

e estimating fragility cycle periods T(Fi)
e estimating amplitude A(Fl,)

mapping variance and shock propagation
quantifying coupling intensity in specific domains

This would allow researchers to construct fragility signatures for institutions and domains.

14.1.2 Quantifying Temporal Misalignment
Empirical misalignment metrics include:
e alignment gap:
IT(F) — T(M)]

misalignment volatility
capability decay correlated with misalignment
failure-event clustering near cycle boundaries

This enables predictive diagnostics: which institutions fail, when, and why.

14.1.3 Evaluating Regenerative Capital Cycles

Researchers can measure:

e real regeneration curves
e recycling performance



e system IRR under RCA conditions
e compounding capability across multiple cycles
e comparative outcomes vs. debt/grants/philanthropy

PSC provides the empirical foundation for this line of work.

An additional empirical direction is the estimation of the relationship between structural recycling
rates R and achieved rates R Deviations between the two allow researchers to quantify

behavioural leakage, governance friction, and misalignment within real deployments of
regenerative capital systems.

14.1.4 Identifying Cycle Constitutions in the Wild

Some institutions implicitly approximate cycle-constitutional behaviour (e.g., independent
endowments, sovereign wealth funds).
RCA provides the tools to study them systematically.

14.2 Theoretical Research Directions

RCA defines a new theoretical category, opening numerous formal questions.

14.2.1 Formal Models of Cycle Coupling and Decoupling

Areas include:

fragility propagation models

stochastic cycle interaction models
differential-equation models of capability decay
graph-based dependency structures

formal proofs of RCA stability conditions

This extends mathematical institutional theory.

14.2.2 Temporal Game Theory

How do actors behave when temporal governance is rearranged?
Questions include:

e strategic behaviour under stable capital flows
e |ong-horizon cooperation



e temporal bargaining equilibria
e incentive design under regenerative architectures

This is a new branch connecting time, governance, and strategy.

14.2.3 Generalised Regenerative Systems

Beyond capital, RCA can govern:

knowledge cycles

civic cycles

data cycles

supply chains
infrastructure networks

Each requires formal modelling using RCA primitives.

14.3 Applied Research Directions

RCA enables new practical interventions that can be tested at scale.

14.3.1 Regenerative Climate Adaptation Systems

Developing tools for:

lifecycle-based climate capital planning
mission-aligned flood infrastructure cycles
regenerative fire-resilience cycles
city-scale climate cycle constitutions

These can be piloted in high-risk regions.

14.3.2 Regenerative Scientific Capability Systems

New system designs for:

lab instrument cycles

research infrastructure pacing
continuous-capability lab
multi-cycle scientific capital pools

Testing in research institutions would produce high-impact results.



14.3.3 Regenerative Civic and Community Systems

Design prototypes for:

e volunteer decoupling
e community capability cycles
e fundraising-independent operational systems

This can stabilise nonprofits and community organisations.

14.3.4 Regenerative Infrastructure Governance

Interventions include:

infrastructure cycle constitutions
pre-funded renewal cycles

statewide regenerative transport systems
municipal asset lifecycle engines

This directly addresses multi-billion-dollar public finance problems.

14.4 Comparative Studies

A new class of cross-domain comparative work emerges.

14.4.1 Comparing Traditional vs. RCA Institutions

Empirical comparisons could measure:

resilience
cost-efficiency
long-run capability
failure rates
lifecycle costs
user outcomes

This provides evidence-based justification for policy adoption.

14.4.2 Cycle Constitutions vs. Political Constitutions

Scholars can study:



e temporal stability vs. political stability
e time-based governance vs. power-based governance
e how cycle constitutions complement political systems

This integrates RCA with political theory.

14.4.3 Global Comparative Fragility Mapping

Researchers can map fragility cycles across countries to identify:

e the most volatile systems
e the most misaligned systems
e candidates for RCA adoption

This parallels global governance indices but with a temporal dimension.

14.5 Design & Engineering Research
Directions

RCA creates new questions for engineers, designers, and system architects.

14.5.1 Cycle-Constitution Engineering

How do we build:

e constitutional temporal firewalls?
e alignment engines?
e regeneration pipelines?

This is systems engineering built on temporal primitives rather than operational ones.

14.5.2 Computational Simulation of Cycle-Regenerative
Systems

Simulations could model:

multi-cycle regeneration
shock absorption
fragility propagation
cross-cycle interference



e regenerative equilibrium states

Essential for validation and optimisation.

14.6 Policy & Governance Research
Directions

RCA opens new questions for public administration and governance studies.

14.6.1 Designing RCA-Compliant Institutions

Research into:

governance frameworks

accountability structures

implementation pathways

transition design from traditional to RCA architectures

This shapes new public finance doctrines.

14.6.2 Cycle Constitutional Legislation

Work on:

e legal instruments that encode cycle constitutions
e regulatory frameworks for regenerative capital
e cross-jurisdictional harmonisation

This is the legal theory of temporal governance.

14.7 Meta-Scientific Research Directions

Finally, RCA opens new directions in the philosophy and sociology of science.
Questions include:

How does temporal misalignment shape knowledge production?
How does regenerative architecture change research culture?

What are the epistemic implications of cycle governance?

How do regenerative systems reshape scientific discovery timelines?



These are frontier questions for science studies.

14.8 Summary: RCA as a New Field of
Inquiry

The research programme outlined above shows that RCA is:

fertile,

generative,
interdisciplinary,
empirically testable,
theoretically rich,
practically transformative.

RCA invites contributions from:

economists

political scientists
engineers

complexity theorists
organisational scholars
climate scientists
resilience researchers
legal theorists

public administrators
systems designers

RCA is not simply a theory — it is a framework for building an entirely new discipline:
the study of temporal governance and regenerative institutional design.

15. Conclusion: Regenerative Institutions
in a Fragile World

Institutions fail not because they lack resources, expertise, or commitment, but because they
are structurally governed by the wrong cycles. Short-horizon fragility cycles—financial volatility,
political turnover, capability decay, and civic fluctuation—dictate the temporal behaviour of
capital, forcing long-horizon systems to operate on timeframes fundamentally misaligned with
their mission. The resulting mismatch is deterministic: under traditional capital architectures,
institutions decay regardless of managerial quality or policy intent.



Regenerative Cycle Architecture (RCA) offers a structural alternative. By formally separating
capital cycles from fragility cycles (decoupling) and synchronising capital cycles with mission
cycles (alignment), RCA enables institutions to operate on the temporal horizons embedded in
their purpose rather than those imposed by their environment. The six structural
invariants—non-extraction, non-liability, multi-cycle regeneration, cycle alignment, decentralised
agency, and compounding system value—constitute the architectural DNA of regenerative
systems.

This paper has shown that RCA is a domain-general design pattern that applies across climate
adaptation, scientific capability, infrastructure, health systems, and civic institutions. It has also
demonstrated that Perpetual Social Capital (PSC) is the first fully realised instantiation of the
RCA architecture at the capital layer, proving that regenerative systems can be implemented in
practice, mathematically modelled, and deployed in real-world institutional environments.

RCA reframes institutional economics, public finance, systems theory, and governance design
by introducing a new constitutional category: the cycle constitution. Like political constitutions
that protect long-horizon principles of governance from short-horizon political dynamics, cycle
constitutions protect the temporal integrity of mission-driven institutions from the fragility cycles
that would otherwise erode them. This move from behavioural reform to temporal governance
marks a fundamental shift in how institutions are conceived, designed, and evaluated.

In an era of accelerating volatility—climate shocks, economic turbulence, political churn, civic
fragmentation—RCA provides a unifying framework for building institutions that do not merely
resist fragility, but regenerate across it. RCA replaces reactive governance with structural
alignment. It replaces scarcity logic with regenerative logic. It replaces temporal vulnerability
with temporal sovereignty.

The research programme outlined in this paper establishes RCA as a new field: the study of
temporal governance and regenerative institutional design. Its questions are urgent, its
implications far-reaching, and its potential transformative. RCA does not merely propose a
better way to fund or manage institutions; it proposes a better way to architect time into the
systems upon which societies depend.

Institutions built on RCA do not merely survive fragility—they grow stronger with each cycle.
They become the stable infrastructure of a regenerative civilization.

RCA thereby unifies the architectural contributions of PSC, Regenerative Capital Theory,
Alignment Capital, and PSC-G into a cohesive science of temporal governance.



Appendix A — Proofs of Core
Propositions

Proof of Proposition 3 — Temporal Mismatch Produces Instability
Given:
e mission cycle M with period T (M)

e fragility cycle F with period T (F)
e traditional capital cycle K = T'(F)

T(F) < T(M)

then capital refreshes more frequently and unpredictably than mission cadence. Because
capability formation requires capital synchronisation with M, variance in K relative to M
produces capability decay:

Var(K) » Var(M)=V(t + 1) < V(t)
Thus instability is structural under coupling.
Proof of Proposition 7 — Decoupling is Necessary for Stability
Stability requires:
Var(K) = Var(M)
Under coupling:
K =T(F)=Var(K) = Var(F)
Since:
Var(F) » Var(M)
stability cannot occur. Decoupling ensures:
2= 0= Var(k) = Var(M)
Thus stability requires decoupling.

Proof of Proposition 9 — Alignment Induces Regeneration



Given decoupled capital:

and alignment:

K (£) = M(t)
Capability increases when capital is available exactly at renewal points:

Vit + 1) = V() + f(M(D)
Since f(-) > 0, regeneration holds.
Proof of Proposition 13 — Decline is Deterministic Under Coupling
Given:
K = I'(F)

and:

T(F) < T(M)
then capital arrives either:

e too early (wasted),
e too late (reactive),
e or too unevenly (volatility-induced inefficiency).

All cases lead to:
Vit + 1) < V()

Thus decline is guaranteed.

Appendix B — Extended Definitions

B.1 Fragility Coefficient

Define:

o =
i 8F



Higher a indicates greater fragility propagation.

B.2 Alignment Gap
G = |T(K) — T(M)
Regenerative systems require G = 0.
B.3 Regenerative Growth Function
V(t + 1) = V(O + BC(E)

Where > 0 is the conversion efficiency from capital cycles to capability.

Appendix C — PSC Cycle Model Details

C.1 PSC Capital Evolution

C.2 PSC System IRR

Defined as the joint evaluation of:

e preserved principal
e regenerated cycles
e cumulative social output



References

Adam, B. (1998). Timescapes of modernity: The environment and invisible hazards. Routledge.

Acemoglu, D., & Robinson, J. A. (2012). Why nations fail: The origins of power, prosperity, and
poverty. Crown.

Ashby, W. R. (1963). An Introduction to Cybernetics (expanded ed.). Methuen.
Ostrom, E. (2005). Understanding Institutional Diversity. Princeton University Press.
Meadows, D. H. (2008). Thinking in Systems: A Primer. Chelsea Green Publishing.
Ashby, W. R. (1956). An introduction to cybernetics. Chapman & Hall.

Beer, S. (1972). Brain of the firm. Herder and Herder.

Buchanan, J. M., & Tullock, G. (1962). The calculus of consent: Logical foundations of
constitutional democracy. University of Michigan Press.

Elster, J. (1995). Forces and mechanisms in the constitution-making process. Duke Law
Journal.

Flyvbjerg, B. (2009). Survival of the unfittest: Why the worst infrastructure gets built. Oxford
Review of Economic Policy, 25(3), 344-367.

Folke, C. (2006). Resilience: The emergence of a perspective for social-ecological systems
analyses. Global Environmental Change, 16(3), 253-267.

Forrester, J. W. (1961). Industrial dynamics. Pegasus Communications.

Ghadamian, R. (2025). Perpetual Social Capital: A Fourth Capital Class Enabling Multi-Cycle
Social Value Creation. Working paper, Institute for Regenerative Systems & Architecture (IRSA).

Ghadamian, R. (2025). Regenerative Capital Theory (RCT): Regenerative Capital Theory:
Beyond Debt, Equity, and Grants. Working paper, IRSA.

Ghadamian, R. (2025). Alignment Capital: A General Theory of Institutional Alignment via
Regenerative Cycles. Working paper, IRSA.

Ghadamian, R. (2025). Regenerative Climate Economics: A Capital Architecture for the Age of
Permanent Crisis. Working paper, IRSA.

Gunderson, L. H., & Holling, C. S. (Eds.). (2002). Panarchy: Understanding transformations in
human and natural systems. Island Press.



Grigg, N. S. (1988). Infrastructure engineering and management. Journal of Infrastructure
Systems, ASCE.

Haldane, A. G., & May, R. M. (2011). Systemic risk in banking ecosystems. Nature, 469,
351-355.

Holling, C. S. (1973). Resilience and stability of ecological systems. Annual Review of Ecology
and Systematics, 4, 1-23.

IPCC. (2022). Sixth Assessment Report (ARG6). Intergovernmental Panel on Climate Change.
Luhmann, N. (1995). Social systems. Stanford University Press.
Mazzucato, M. (2013). The entrepreneurial state. Anthem Press.

North, D. C. (1990). Institutions, institutional change and economic performance. Cambridge
University Press.

Nowotny, H. (1994). Time: The modern and postmodern experience. Polity Press.
OECD. (2020). Infrastructure governance and public investment. OECD Publishing.

Ostrom, E. (1990). Governing the commons: The evolution of institutions for collective action.
Cambridge University Press.

Ranger, N., et al. (2021). Addis Ababa principles for long-term climate finance. Nature Climate
Change, 11, 1-8.

Schumpeter, J. A. (1942). Capitalism, socialism and democracy. Harper & Brothers.
Taleb, N. N. (2012). Antifragile: Things that gain from disorder. Random House.
Tirole, J. (2006). The theory of corporate finance. Princeton University Press.
Williamson, O. E. (1985). The economic institutions of capitalism. Free Press.

World Bank. (2017). Public investment management reference guide. World Bank Publishing.



