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Concepts, foundations, consequences
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One major cause of the financial crisis that started in 2007/2008 was excessive leverage in various parts of the financial system. Neoclassical economic theory has no objective answer to the question "how much leverage should there be?", as the treatment of such questions inevitably involves utility theory and assumptions about (subjective) risk preferences.

The inability to optimize leverage in an objective way is a consequence of the path along which mathematical concepts surrounding randomness evolved. The leverage problem and the utility framework can be traced back to a publication by Daniel Bernoulli from 1738. Revisiting Bernoulli's problem leads to the following insight: economics began to develop a mathematical treatment of randomness in the 17th century. More than 200 years later, in the 1870s, physicists introduced randomness in their theories in the development of statistical mechanics. The central advance that physics added to the theory of random processes is the concept of ergodicity: an observable is ergodic if averaging it over time gives the same result as averaging it over an ensemble of identically prepared (but random) systems.

This deep concept led to the emergence of the mathematical field of ergodic theory, and it took some 60 years to arrive at a first satisfactory definition of ergodicity. The following 80 years saw a refinement of the theory, and today much of statistical mechanics deals with non-ergodic, non-equilibrium processes. These developments have so far not been successfully communicated to the field of economics. I will use them to solve Bernoulli's original problem and the leverage problem.

In solving Bernoulli's problem, I discovered a minor error in his original paper that was corrected by Laplace in 1814 but re-introduced and significantly amplified in a paper by Menger in 1934, written so convincingly that it misled notable economists, including Arrow, Samuelson and Markowitz who implicitly and explicitly endorsed Menger's work. The 1934 paper is important because, if it were correct, it would rule out the use of modern (post-1870s) arguments about the economically most important non-ergodic stochastic processes -- precisely the arguments required to optimize leverage.
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