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Abstract
This paper presents the Persistence Protocol, a cross‑domain
framework for analysing how organized systems—from physical
structures to biological organisms, psychological states, and
civilisations—maintain coherence under perturbation. Drawing
on concepts from dissipative structures, cybernetics, control
theory, and resilience research, the protocol proposes that
persistence is not a static property but a dynamic process of
preserving  organisational  integrity  through  mechanisms  of
energy  throughput,  information  processing,  feedback
correction,  redundancy,  and  adaptive  restructuring.  The
framework introduces a set of operational variables that can
be measured via domain‑specific proxies, and it identifies a
critical threshold beyond which systems either reorganise into
a new stable regime or dissolve entirely. The most original
contribution  is  the  Safeguard:  the  requirement  that  any
persistent system must preserve the mechanisms that allow it
to detect and correct its own inadequacy. This corrigibility
condition distinguishes adaptive persistence from pathological
rigidity.  The  framework  is  empirically  grounded  through
examples from astrophysics, ecology, physiology, and social
systems, and is offered as a testable research program rather
than a closed theory.
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1. Introduction
Every organised system—whether a star, a cell, an ecosystem, a
human  mind,  or  a  civilisation—faces  the  same  fundamental
challenge: how to maintain its identity and function in the
face of internal and external disturbances. The universe tends
towards disorder; organisation is the exception. Yet systems
persist, sometimes for billions of years, sometimes only for
moments, because they possess mechanisms that allow them to
absorb or adapt to change.

The  Persistence  Protocol  offers  a  unifying  framework  for
understanding  this  process.  Its  core  insight  is
that persistence is not a property of a system; it is a
dynamic  process  of  maintaining  coherent  organisation  under
changing conditions. The framework does not claim that all
systems share the same physical mechanisms, but rather that
they face a common organisational problem: how to preserve
integrity  while  remaining  open  to  the  perturbations  that
reality imposes.

This paper is structured as follows. Section 2 lays out the
conceptual foundations, introducing the key variables and the
critical  threshold.  Section  3  provides  domain‑specific
operationalisations  of  those  variables.  Section  4  presents
empirical  evidence  from  astrophysics,  particle  physics,
ecology,  physiology,  and  social  systems  that  support  the
framework’s  predictions.  Section  5  introduces  the
Buffer–Redundancy  Rule  as  a  practical  design  principle.
Section 6 applies the framework to the global civilisational
scale. Section 7 articulates the Safeguard—the most original
contribution  of  the  protocol.  Section  8  concludes  with  a
research agenda for testing and refining the framework.



2. Foundations of the Persistence
Protocol

2.1. Persistence as Coherence Maintenance
A system persists when it maintains a stable organisation over
time. This does not mean that it remains unchanged; adaptive
systems  continuously  adjust  their  internal  states  and
structures in response to internal and external signals. The
relevant  quantity  is  coherence:  the  degree  to  which  the
system’s parts remain coordinated and its functions remain
intact.

Coherence  is  threatened  by  perturbations—any  event  or
condition that introduces disorder, uncertainty, or stress.
The system’s response to perturbation depends on its coherence
capacity, which encompasses:

Energy  throughput:  the  rate  at  which  the  system
processes  energy  and  materials  to  sustain  its
organisation.
Information  processing:  the  ability  to  detect,
interpret, and respond to signals.
Feedback correction: the capacity to detect mismatches
between  expected  and  actual  states  and  adjust
accordingly.
Redundancy:  the  presence  of  multiple  pathways  or
mechanisms for performing essential functions.
Adaptive restructuring: the ability to reorganise when
the current configuration becomes inadequate.

The system’s fate under perturbation is determined by the
balance between its coherence capacity and the stress imposed



by the perturbation:

Condition Outcome

Coherence capacity >
Perturbation stress

Restoration — the system returns
to its previous stable state or

basin

Coherence capacity ≈
Perturbation stress

Transition — the system
reorganises into a new stable

regime

Coherence capacity <
Perturbation stress

Dissolution — the system loses its
organisation entirely

This is not a metaphor; it is a structural principle that
holds across domains, with domain‑specific operationalisation.

2.2. The Critical Threshold
Every system has a maximum coherence capacity—the upper limit
of  its  ability  to  absorb  and  process  perturbation.  This
capacity  is  determined  by  the  system’s  architecture,
resources,  and  environmental  constraints.  It  can  be:

Calculated  from  first  principles  in  physical  systems
(e.g., energy dissipation rates).
Estimated  through  measurement  in  biological  and
ecological systems (e.g., metabolic rates, biodiversity
indices).
Operationalised  through  proxies  in  psychological  and
social  systems  (e.g.,  allostatic  load,  governance
effectiveness).

The critical perturbation threshold is the point at which
perturbation stress equals maximum coherence capacity. Below
this threshold, the system can absorb perturbation and remain
in  its  attractor  basin.  Above  it,  the  system  either
reorganises  into  a  new  basin  or  dissolves  completely.



This threshold is not a sharp line but a region of increasing
instability. Within the critical region, the probability of
maintaining  the  current  attractor  decreases  sharply;  small
additional perturbations may push the system over the edge.

3.  Domain-Specific
Operationalisation
The  framework’s  core  variables  are  operationalised  using
established measurement frameworks in each domain.

3.1.  Individuals  (Psychological  and
Physiological Systems)

Variable Proxy

Coherence capacity

Basal metabolic rate; peak metabolic
throughput; heart‑rate variability;

cognitive flexibility; stress entropic
load (SEL) capacity

Perturbation
stress

Chronic stress; allostatic load;
frequency of threat responses

Critical threshold
Allostatic verge (Bienertová‑Vašků et

al., 2016)
The Stress Entropic Load (SEL) model (Bienertová‑Vašků et al.,
2016) formalises the relationship between stress and entropy
production:Total entropy production=Basal metabolic entropy+St
ress‑related entropyTotal entropy production=Basal metabolic e
ntropy+Stress‑related entropy

When stress‑related entropy accumulates past the allostatic
verge,  homeostatic  feedback  can  no  longer  maintain  order,
leading  to  breakdown  (e.g.,  disease,  psychological
fragmentation).



3.2. Groups and Organisations
Variable Proxy

Coherence capacity
Energy throughput; communication entropy;
redundancy metrics; performance slack

Perturbation stress
Environmental turbulence; resource
volatility; competitive pressure

Critical threshold
Entropy‑based resilience indicators

(e.g., network connectivity, functional
diversity)

3.3. Nation‑States
Variable Proxy

Coherence capacity
Total energy consumption; governance
effectiveness indices; institutional
diversity; supply‑chain redundancy

Perturbation
stress

Economic shocks; geopolitical conflict;
climate stress; social fragmentation

Critical threshold
Social‑ecological entropy production

(SEEP) models

3.4. Global Civilisation
Variable Proxy

Coherence
capacity

Global primary energy use; aggregate R&D
rate; institutional diversity; ecological
footprint versus regenerative capacity

Perturbation
stress

Climate change; resource depletion;
economic instability; geopolitical
conflict; technological disruption;

biological threats; social fragmentation

Critical
threshold

Integrated assessment models; planetary
boundary indicators (provisional)



4.  Empirical  Validation  Across
Domains

4.1. Molecular Clouds (Astrophysics)
Molecular clouds are dissipative attractors held together by
gravity and turbulence. Their coherence capacity is reflected
in the turbulent dissipation rate.

Cloud
Internal

dissipation
External

perturbation
Outcome

Taurus
0.45 × 10³³
erg s⁻¹

1.3–6.4 × 10³³
erg s⁻¹

Near‑critical;
stable but
sensitive

Perseus
B1‑East

5

3.5 × 10³² erg
s⁻¹

~1 × 10³⁵ erg
s⁻¹

Perturbation
dominates; collapse

imminent
The  cloud  that  maintains  coherence  through  turbulent
dissipation persists. The one that cannot dissipate the load
collapses into star formation or disperses.

4.2. Proton Structural Dissolution
A  proton  at  rest  is  a  stable  bound  state—a  coherent
configuration  maintained  by  the  strong  force.  Under
high‑energy collision, its internal structure is disrupted;
its constituents reorganise into new particles rather than the
original configuration reforming.

This  example  illustrates  the  destruction  of  a  specific
attractor  state—a  bound‑state  organisation  that  does  not
persist  when  coherence  capacity  is  exceeded.  It  is  not
intended as a thermodynamic dissipative‑attractor failure, but



as a demonstration of structural identity loss under extreme
perturbation.

4.3.  Tropical  Forest  and  Pasture
(Ecology)
A study of Amazon Basin ecosystems measured entropy production
rates:

Ecosystem
Entropy Production

Rate
Resilience

Forest 0.461 W m⁻² K⁻¹
High — restores quickly after

disturbance

Pasture 0.422 W m⁻² K⁻¹
Low — prone to collapse under

stress
Higher  entropy  production  is  associated  with  greater
organisational complexity and resilience. It may function as
an indicator of resilience rather than its direct cause, since
throughput  alone  (as  in  a  wildfire)  does  not  guarantee
persistence.

4.4. The Three‑Body Problem
Gravitational  three‑body  systems  demonstrate  that  internal
perturbations  (bodies  perturbing  each  other)  can  lead  to
similar outcomes:

Restoration:  stable  hierarchical  orbits  (coherence  >
perturbation)
Transition:  chaotic  motion  with  no  stable  orbit
(coherence ≈ perturbation)
Dissolution:  ejection  of  one  body  (coherence  <
perturbation)



4.5. The Human Body and Anxiety
Generalised Anxiety Disorder (GAD) illustrates the framework
at the physiological level. When anxiety is triggered, the
system detects a mismatch and responds by increasing energy
expenditure (heart rate, respiration, metabolism, sweating) to
export excess energy. This is the system working to regain
coherence.

The Stress Entropic Load model (Bienertová‑Vašků et al., 2016)
describes  how  chronic  stress  elevates  entropy  production
beyond basal levels. When this load exceeds the allostatic
verge,  homeostatic  feedback  fails,  and  system  breakdown
follows.

4.6. Social Systems
Historical and contemporary examples support the framework:

Roman  Empire:  Institutional  erosion  reduced  coherence
capacity, while barbarian invasions, climate shifts, and
plague  increased  perturbation  stress,  leading  to
collapse.
Modern global system: Weakened institutions, ecological
degradation,  and  geopolitical  tensions  suggest  the
system is approaching a critical region.

5. The Buffer–Redundancy Rule
Across  systems,  redundancy—the  presence  of  multiple
independent  pathways  for  performing  essential
functions—increases coherence capacity. Evidence includes:

Ecology:  Higher  species  diversity  (functional



redundancy) correlates with resilience to disturbance.
Engineering:  Fault‑tolerant  systems  with  backup
components survive failures better.
Organisations: Redundant supply chains and independent
oversight enhance crisis response.

Qualitative relationship:

Systems with more independent feedback loops and redundant
pathways tend to have greater coherence capacity.

This principle can guide practical interventions: diversify
energy  sources,  build  institutional  redundancy,  maintain
multiple information channels, and preserve slack resources.

6.  The  Global  Civilisational
Scenario
The global civilisation is a nested system of systems. Its
coherence  capacity  depends  on  institutional  resilience,
economic  adaptability,  ecological  buffers,  social  cohesion,
and technological capacity. Its perturbation stress includes
climate  change,  resource  depletion,  economic  instability,
geopolitical  conflict,  technological  disruption,  biological
threats, and social fragmentation.

Threshold condition:σpert>σint,maxσpert​>σint,max​

where:σint,max=f(institutional resilience, economic adaptabili
ty, ecological buffers, social cohesion, technological capacit
y)σint,max
=f(institutional resilience, economic adaptability, ecological
 buffers, social cohesion, technological capacity)



and:σpert=g(climate change, resource depletion, economic insta
bility, geopolitical conflict, technological disruption, biolo
gical  threats,  social  fragmentation)σpert
=g(climate change, resource depletion, economic instability, g
eopolitical conflict, technological disruption, biological thr
eats, social fragmentation)

The  exact  functional  forms  of  *f*  and  *g*  are  not  yet
empirically calibrated. The framework provides a structural
template  for  future  operationalisation.  At  present,  this
section  serves  as  a  qualitative  warning  rather  than  a
quantitative  forecast.

When the threshold is crossed, two outcomes are possible:

Transition:  Reorganisation  into  a  new  stable  global
order.
Dissolution:  Fragmentation  into  conflict,  state
collapse, and civilisational decline, with no successor
system.

The  framework  does  not  predict  a  date.  It  identifies  a
condition.

7. The Safeguard
Every system must preserve the mechanism that allows it to
discover when its current organisation is inadequate. This is
the Safeguard of the Persistence Protocol.

The Safeguard:

Prevents  a  system  from  becoming  a  fantasy
attractor—persisting without correction.
Prevents  a  system  from  protecting  its  conclusions



instead of preserving its capacity to revise them.
Prevents a system from confusing coherence with truth.

Testability:  Systems  that  preserve  corrigibility  (feedback
loops,  error  detection,  self‑correction)  should  demonstrate
greater long‑term persistence than systems that optimise only
for immediate performance or stability.

Evidence:  Open‑source  software  with  active  debugging
communities is more reliable over time than closed systems.
Democratic  societies  with  free  information  flows  correct
maladaptive  policies  more  effectively.  Biological  organisms
with  robust  repair  mechanisms  (DNA  repair,  immune
surveillance)  survive  longer.

The  Safeguard  is  recursive:  it  applies  to  the  framework
itself. The Persistence Protocol must remain corrigible, open
to empirical testing and revision.

8. Conclusion
The  Persistence  Protocol  offers  a  unified  framework  for
understanding how organised systems—from physical structures
to human civilisations—maintain coherence under perturbation.
Its central claim is that persistence is a dynamic process,
not a static property. The framework identifies measurable
variables across domains, establishes a critical threshold for
systemic  dissolution,  and  proposes  design  principles
(buffer‑redundancy, corrigibility) for enhancing persistence.

The  most  original  contribution  is  the  Safeguard:  the
requirement  that  any  persistent  system  must  preserve  the
mechanisms  that  allow  it  to  detect  and  correct  its  own
inadequacy.  This  distinguishes  adaptive  persistence  from
pathological rigidity.



The  framework  is  offered  as  a  testable  research  program.
Future work should focus on:

Empirical calibration of coherence capacity metrics in
psychological, social, and ecological systems.
Operationalisation  of  the  global  civilisational
threshold functions.
Testing  the  Safeguard  hypothesis  through  comparative
studies of corrigible vs. non‑corrigible systems.

The Persistence Protocol does not claim to be the final word.
It provides a lens—one that may help us see more clearly the
conditions  under  which  systems  persist,  transform,  or
dissolve.  The  choice,  at  every  scale,  is  ours.

“When a system is perturbed, its stability is a function of
how  much  entropy  it  can  export  to  the  environment—how
effectively it can dissipate the disorder introduced by the
perturbation.

~If you can export enough entropy, you persist.
~If you can match the perturbation, you transform.
~If you cannot, you dissolve.”

~Robert Galida
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