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ABSTRACT

This work proposes a phenomenological dynamic framework to describe human organizational stability using
tools from non-equilibrium thermodynamics, stochastic dynamics, and complex systems theory. We interpret
human organizational structures as metastable dissipative systems whose persistence depends on the balance
between stabilizing fluxes and internal dissipation mechanisms. Moving beyond traditional sociophysics
models focused on information propagation or binary consensus, we introduce a continuous, effective
macroscopic variable of collective organization coupled to a non-linear dynamic potential. This formulation
provides a formal description of metastability, critical transitions, organizational hysteresis, collective
relaxation, and fluctuation-induced reorganization. The temporal evolution is modeled via a stochastic
Langevin equation over an effective organizational landscape. Numerical simulations and the exact stationary
solution of the associated Fokker-Planck equation demonstrate that small perturbations can induce abrupt
macroscopic transitions near critical thresholds. Ultimately, this work does not aim to reduce human systems
to strict physical equivalents, but to demonstrate that universal dynamic principles of collective stability can be
effectively represented through variables formally analogous to complex non-equilibrium systems.

Keywords: Sociophysics; Dissipative structures; Metastability; Langevin equation; Fokker-Planck equation;
Organizational resilience; Non-linear dynamics.

INTRODUCTION

Understanding human organizations has traditionally been approached from sociological and managerial
perspectives which, although rich in qualitative description, often lack a formal framework to explain
macroscopic stability against the volatility of individual components. In recent decades, the rise of
sociophysics and Computational Social Sciences has allowed human collectives to be treated as interacting
systems; however, much of this literature has been limited to discrete models of consensus or information
propagation, oversimplifying the thermodynamic nature of organization [7].

Integrating recent advances in Systems Thinking in Administration and the study of Complex Adaptive
Systems (CAS), we propose that, from the perspective of Non-Equilibrium Thermodynamics, a human
organization is not a static state of equilibrium, but a dissipative structure [15]. Its existence depends on a
constant flow of resources (energy, information, capital) that the system processes to maintain a configuration
of low internal entropy [10]. In this sense, the organization "fights" against natural degradation through
dissipation mechanisms that, paradoxically, are what sustain its order.
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The fundamental challenge lies in the fact that these systems do not inhabit a global minimum of energy, but
states of metastability [11]: regimes where the system is locally stable but susceptible to abrupt transitions in
the face of critical fluctuations. In this work, we move away from binary representations to introduce a
continuous, effective macroscopic variable of organization coupled to stochastic dynamics [20]. Unlike
reductionist approaches, this phenomenological framework allows for the formalization of phenomena that
until now were only metaphorical in organizational theory: hysteresis, critical transitions, and collective
relaxation under structural stress [9].

Theoretical Framework And Mathematical Formalism

To quantitatively describe the stability and transition mechanisms in a human organization, this work adopts a
macroscopic phenomenological approach based on the statistical physics of systems out of equilibrium [13].
We define a continuous, effective order variable, ¢, which quantifies the degree of collective organization or
coordination of the system. The state ¢ = 0 represents a regime of structural disorganization or anomie, while
absolute values greater than zero denote configurations with stable and functional dissipative structures.

The Landau-Ginzburg Potential Landscape with Broken Symmetry

We postulate that the deterministic dynamics of the organization are governed by gradient descent on an
effective free energy landscape. To model the metastability and discontinuous phase transitions observed in
sociotechnical systems, we resort to the Landau-Ginzburg formalism. We introduce a fourth-order potential
modified by an asymmetric external field:

V(p) =(a/2)p*+ (b/4)p*- hy
Where the parameters are interpreted phenomenologically as follows:

e b: Is a strictly positive confinement coefficient (b > 0) that guarantees the global stability of the system
at large deviations, preventing the organizational variable from diverging.

e a: [s the control parameter of the environment. It regulates the topology of the landscape. If a > 0, the
potential exhibits a single global minimum (monostable stability). If a < 0, the origin becomes unstable
and the system undergoes a pitchfork bifurcation, generating two local potential wells.

e h: An external field or institutional bias. This term breaks the specular symmetry of the potential,
energetically favoring one of the two basins of attraction over the other, emulating the presence of
strategic guidelines or centralized leadership.

Stochastic Dynamics: The Langevin Equation

The temporal evolution of the macroscopic order parameter is not purely deterministic, as it is subject to the
inherent fluctuations of individual human agency and volatile environmental disturbances [20]. Incorporating
these effects as a stochastic term, we model the system's trajectory using an overdamped Langevin Equation:

do/dt = -agp - bp? + h + N(2D)&(1)

Where D represents the effective diffusion coefficient (noise intensity or agent variability) and &(t) is a
Gaussian white noise process satisfying the statistical properties of zero mean and temporal delta-correlation.
This formulation assumes that their net collective action produces statistical fluctuations that can be treated
formally as an effective thermal bath [17].

Fokker-Planck Equation Formalism and Stationary Solution

To understand the global stability of the organizational system, we derive the associated Fokker-Planck
equation from our Langevin equation [13]. This describes the evolution of the probability distribution P(o, t)
on the organizational landscape:
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OP(p,t) /0t = 0/0p [ V'(p)P(p,t) ] + D 0°P(p,t) / Op?

The primary interest lies in the stationary state (OP/ot = 0), which reveals the most probable long-term
configuration of the organization. The exact solution is given by the effective Boltzmann-Gibbs distribution:

P st(p) = Nexp(-V(p)/D)

The persistence of these states is governed by the Kramers Escape Time formulation. The mean time (t) an
organization remains in a specific configuration before undergoing an abrupt phase transition depends
exponentially on the ratio between the potential barrier (AV) and the intensity of stochastic fluctuations (D):

t=exp(AV/D)
Numerical Integration: Euler-Maruyama Scheme

Due to the non-linear nature of the cubic term, the Langevin equation does not possess a general time-
dependent analytical solution. The dynamic trajectories of the ensemble are obtained via computational
simulation using the Euler-Maruyama numerical integration scheme. Discretizing the temporal domain into
bounded steps At, the update equation for the organizational variable of the i-th realization of the ensemble is
formulated as:

@ it {(n+1}) =0 i(t n)+[-a_te i(t n)-be i(t n)*+ h At +N2DAt) Z i(t n)

Where a t is the control parameter at time t n; Z i(t n) is a standard normal random variable N(0, 1); and
V(2DAt) is the scale factor of the Wiener measure. The macroscopic state is evaluated by calculating the
expected value over the ensemble: (p(t)) = (I/N) > ¢_i(t).

Conceptual Validation: The Case Of Technological Transition

The practical applicability of this framework can be illustrated through the analysis of disruptive transitions,
such as the adaptation of corporations (e.g., Nokia) to technological changes [16].

Metastability and the False Attractor: Initially, the organization was in a highly stable attractor ¢ < 0. With
market pressure, the external control parameter altered the shape of V(¢), creating a deeper global attractor at
¢ > 0. Although the original state ceased to be optimal, the internal structure generated a high potential barrier
AV. The Fokker-Planck equation in this scenario predicts that the organization will remain trapped in this
metastable state [3], unable to overcome the barrier organically due to the low magnitude of internal noise
against structural inertia.

Critical Transition and the Hysteresis Effect: When management attempted to force the jump (increasing
the directional pressure h), the required effort was asymmetrically greater [12]. Organizational hysteresis
demonstrated that the delay in response irreversibly alters transition probabilities, illustrating how structural
resistance raises the energetic costs of collective change.

NUMERICAL RESULTS AND DISCUSSION

The numerical integration results demonstrate the framework's capability to capture critical non-linear
behaviors.

Validation of the Stationary Landscape and Metastability

The simulation shows exact consistency between the Langevin frequency histogram and the stationary Fokker-
Planck solution. Under a control parameter a = -2.0, the effective potential V(¢) presents a bimodal
configuration. The system rejects the state of indecision (¢ = 0) due to the local instability barrier, self-
organizing toward metastable attractors where internal entropy is minimized.
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Organizational Transition Scenarios
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Figure 1. Validation of the Organizational Framework: Langevin - Fokker-Planck confluence showing
metastable coexistence.

Hysteresis Dynamics and Institutional Symmetry Breaking

By increasing environmental stress (increasing a toward positive values), the system undergoes continuous
degradation up to a critical bifurcation point, where the structure collapses toward anomie ({¢) = 0). After the
collapse, a return to favorable conditions (a < 0) produces a fragmentation of the collective into opposing
polarized factions, a phenomenon of spontaneous symmetry breaking that prevents the recovery of
macroscopic order [12].

Langevin Dynamics: Jump to the New Attractor
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Figure 2. Transition Dynamics and False Hysteresis: Discontinuous phase transition with a fluctuation-induced
irreversible collapse.

Fluctuation-Induced Reorganization and Escape Times

The introduction of an asymmetric external field (h = 0.4) acts as a cognitive nucleation force. A clearly
defined structural hysteresis loop is observed between the degradation pathway and the return pathway. This
lag is the dynamic signature of the system's memory: reconstructing collective order requires a sustained
managerial effort that probabilistically guides fluctuations toward the functional attractor.
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Structural Hysteresis Loop: Irreversibility of Change
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Figure 3. Structural hysteresis loop with Symmetry Breaking showing the memory of the organizational
system.

Managerial Implications And Decision-Making
The translation of the thermodynamic framework to management offers critical guidelines:

e Monitoring Internal Noise: Uncertainty and internal friction (D) act as "temperature". Reducing this
noise through standardized communication increases the effective potential barrier, extending the
Kramers Escape Time and protecting the system from unexpected collapses.

o Hysteresis Management: The mathematical model demonstrates the irreversibility of transitions.
Postponing change until market pressure erases the local attractor forces the organization to make
asymmetrically high efforts to recover.

o False Security and Metastability: A cohesive corporation may be inhabiting an obsolete local
equilibrium. Understanding V() allows management to anticipate that external shocks will trigger
abrupt transitions if the incentive landscape is not restructured in time.

Epistemological And Phenomenological Discussion

Transferring statistical physics to human systems demands epistemological rigor. The value of this framework
lies in the dynamic isomorphism and universality classes of complex systems [2]. Although individuals
possess agency and cognitive biases, when coupled through information flows and norms, their degrees of
freedom are restricted by self-organization forces [8].

Phenomenologically, the external field h models Karl Weick's sense-making process [19]. Following a
corporate crisis, leadership does not magically alter the laws, but acts as a nucleation force that tilts the
potential, making a new organizational reality the safest probabilistic sink for agents fluctuating in uncertainty.

CONCLUSIONS AND FUTURE WORK

This work validated a dynamic phenomenological framework grounded in non-equilibrium thermodynamics.
By mapping a macroscopic order parameter through the Langevin and Fokker-Planck equations, it is shown
that collective persistence obeys topological laws of complex systems [4]. The field h proves vital to mitigate
paralysis and guide post-crisis structural reconstruction.

Future work should expand the Euler-Maruyama scheme by incorporating multiplicative noise to evaluate how
population scale affects cognitive fluctuations, and project the dynamics onto complex free-scale network
topologies [5, 7].
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