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Preface

J. Kay1 has recently observed that ‘business has evolved but the language that is used
to describe business has not... The modern business environment can be navigated
only by assembling the collective knowledge’.

The central thesis of this book is that the methods used to describe critical phe-
nomena in nature can be extended to provide a precise characterization of ‘business
environment collective knowledge’. We examine the relationships among ownership,
production, and the organization of inter-firm relationships, drawing on a body of in-
terdisciplinary research developed across multiple fields, including economics, finance,
and statistical physics. The multiplicity of languages spoken by these communities
has created barriers that have so far hindered the emergence of a consistent, unified
paradigm. In this respect, J. Doyne Farmer’s recent book, Making Sense of Chaos
marks a significant leap forward. It serves both as a source of inspiration—through
its lucid exposition of key ideas arising from a multidisciplinary approach—and as a
compelling illustration of the approach’s potential empirical spillovers.

We supplement this broad analysis with a more targeted approach. In this volume,
we present a minimal quantitative framework that establishes a clear logical pathway
connecting the statistical analysis of complex systems with the modern mainstream
description of production-network equilibria in economics.

Although this unifying description is obtained through a straightforward reorga-
nization of existing methods and results, the key conclusion is, to our knowledge,
novel. We establish a precise correspondence between the modern description of self-
organized critical states in physical systems and emergent, fragile, long-term equilibria
in business networks.

The final chapter of the book is devoted to a key spillover of this result: a norma-
tive theory of business network organizations. To this end, we introduce the notion
of self-organized governance models for business networks. Conventional integrated
assessment models are unable to capture the long-range and long-term correlations, as
well as the fragility, that characterize these equilibria. Effective policy design therefore
requires a systematic analysis of the technological and organizational interventions

1J. Kay ‘The Corporation in the 21st Century’, Profile Books, London 2024.
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capable of addressing the critical nature of inter-firm interactions within networks.
Our analysis underscores the importance of promoting and regulating decentralized
organizational forms, supported by digital technologies capable of improving coor-
dination and information sharing, for the effective pursuit of sustainable economic
development goals.

The resulting quantitative framework is self-contained but admittedly incomplete.
Its emphasis on the mathematical development of the theory understates the empirical
motivations for a unified treatment that accounts for both socio-economic incentives
and the drivers of natural capital growth. This limitation is addressed in a separate
volume, which complements the present work with an extensive discussion of empirical
evidence and emerging integrated policy tools. In the following, we provide a concise
overview of the plot and the key themes of the book.

In Chapter 1 we show how production and innovation efficiency depend on the
complex, many-body organization of inter-firm bilateral agreements among corpora-
tions, as shaped by the contracting environment. These simple premises are sufficient
to establish a connection between the analysis of efficiency in supply-chain equilibria
and the study of a critical transition on branched-tree random graphs.

The key message of this construction is that formation of productive supply-
chains requires the density of technological opportunities available to entrepreneurs
to be above a minimal threshold. This threshold marks a tipping point for economic
growth potential. Above it, the number of production possibilities undergoes an ex-
ponential expansion. The solution of a recursive distributional equation characterizes
firm-level efficiency in this phase: the estimate of its asymptotic decay proves that
critical behavior and Pareto tails are the rule rather than the exception. As a result,
productively efficient supply-chains are populated by clusters concentrated around
star-firms, giving rise to scale-free random networks.

In Chapter 2 we focus on the inherent tension that emerges between management
of production, which requires the coordination of multiple firm owners, and manage-
ment of financial resources which is guaranteed by individual corporations. The more
persistent the firm inter-linkages, the lower the possibility for investors to diversify the
losses emerging from financial distress of individual corporations. Hence, the more
interconnected the economy and the greater the production efficiency, the higher the
potential amplification of firm-specific distress events rippling through the economy
and creating a snowball effect. The resulting statistical equilibrium in the network
is determined by the balance between two conflicting forces: efforts to improve pro-
duction efficiency drive increased interconnectivity, while actions aimed at reducing
aggregate distress tend to limit complexity and constrain innovation spillovers. As
a result, equilibrium value chains spontaneously evolve toward a fragile state, posi-
tioned just above the productivity tipping point that has all the stylized features that
are the signature of a self-organized critical state associated with an absorbing phase
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transition in natural sciences. A new source of systemic risk emerges and valuations
of firms vulnerable to cascades have to be adjusted accordingly.

Fragility and self-organized critical behavior in production networks—emerging
as endogenous properties of supply-chain equilibria—have profound and largely un-
explored normative implications. Chapter 3 offers a reappraisal of policy actions
consistent with the self-organized nature of these equilibria and suited to regulate
and strengthen business network organizations. To this end, we introduce the no-
tion of a self-organized governance model of business networks. Designing efficient
and resilient business networks requires, first and foremost, the precise identification
of critical inputs—those essential for production—and the owners of control rights
on them. Notably, these inputs can include physical and biological elements. For
instance, biodiversity loss and climate change must be treated as major risk factors
that affect the efficiency and resilience of supply chains. At the same time, this
quantitative framework provides an ideal foundation for integrated risk assessment.
Indeed, empirical evidence shows that the emergence of equilibria with self-organized
critical behavior is ubiquitous across social, economic, and natural systems.

Cascade effects propagating through the network impact firms asymmetrically,
depending on their individual vulnerabilities. Yet, the incentive structures faced by
corporate managers often discourage attention to network externalities, ultimately
undermining production efficiency—which depends on the collective organization of
the entire supply chain. Recent accounting frameworks have attempted to address
this misalignment by raising investor awareness of firms’ external impacts through
the concept of double materiality. Under this approach, entities must assess not only
financial materiality but also impact materiality, evaluating their broader environ-
mental and social effects.

A more radical approach, however, requires redefining firm-level incentives, which
is only possible through restructuring of the contractual relationships that distribute
power and control rights among value-chain stakeholders. In particular, we discuss
new organizational configurations enabled by the latest wave of innovations in digital
platforms, notably distributed ledger technologies (DLTs). These systems offer an
effective framework to decentralize control and implement governance and funding
mechanisms, as well as incentive structures, similar to those supporting the manage-
ment of Decentralized Autonomous Organizations (DAOs) in the crypto economy.
We illustrate how blockchain-based smart contracts can be deployed to enhance firm
coordination, allocative efficiency, and information sharing within business networks.
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