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Subject

Agents in most macroeconomic models seldom interact, other than through a centralised system. When
agents are allowed to interact on a less trivial level, the link between the micro and macro properties of
the models becomes much richer, leading in certain cases to the onset of macro-level instabilities. This
research project aims at developing a tractable macroeconomic model with interactions among agents
to explore resulting economic instabilities.

We will take the interesting models [1,2,3] as a starting point. Such models lie at the intersection of
different fields: the assumptions underlying the model come from economics/finance; the derivation
of macro-level equations stemming from micro-level interactions uses ideas from statistical mechanics;
and the study of the equations derived utilise methods developed in dynamical systems analysis. At the
core of the model is a feedback mechanism, applicable to both financial and economic processes, which
interconnects information and expectation. In the Stock market, information influences expectations;
expectations lead to investment decisions; investment decisions cause cash flows and move the mar-
ket price; and then price changes themselves become an important source of information. A similar
feedback mechanism is present in the real economy as the firms’ spending decisions, which eventually
impact economic growth, involve the expected return on investment and the information underlying
these expectations (e.g. about the economy’s growth). The framework for modelling micro-level in-
teractions involves two types of agents interacting by exchanging opinions: firms that allocate capital
based on their expectations and analysts who form expectations by interpreting relevant news (includ-
ing those arising via the above-mentioned feedback) and channel these expectations to investors. The
specification of how agents interact creates, on a macro level, a closed-form dynamical system that
interconnects information and expectation, while being forced by exogenous news (noise). This dy-
namical system produces quasi-periodic fluctuations potentially associated with market and business
cycles.

The above description is where the project stands at present. The next step will be to link the
Stock market and the real economy together. This linkage may take effect (i) via interest rate or other
borrowing constraints on capital deployment whereby the situation in the stock market may influence
the economy; and (ii) because economic growth modulates the news flow relevant to the Stock market
(with more positive news in an expanding economy and more negative news in a contracting economy)
(see Fig. 1). As a result, we expect to construct a coupled economy-market model as a high-dimensional
nonlinear dynamical system forced by noise. To reduce the range of possible behaviours for inspection,
we need to calibrate the model using empirical data (Stock market returns, GDP, etc.). Further, as the
economy and the market evolve on different timescales, the model is likely to contain small parame-
ters, so that we expect to simplify the equations without loss of generality by collapsing or decoupling
some relations. Consequently, we may be able to reduce the system’s order and investigate the model
analytically. We are particularly interested in applying this model to study business cycles and regime



Figure 1: A coupled real economy and stock market model.

transitions. Our first objective is therefore to determine the endogenous mechanisms behind these
phenomena. Based on our previous research, we expect these mechanisms to be a certain type of co-
herence resonance, a phenomenon arising in noise-driven dynamical systems. Our second objective is
to identify the empirical characteristics of the business cycle mechanisms in the actual Stock market and
economic behaviours. This may enable us to apply the model to determine the economy’s "position"
within a business cycle, design lead indicators of regime changes and/or offer scenarios for economy’s
development given its initial state. Third, we can use the interest rate, which enters as a parameter, to
study the effectiveness of interest rate adjustment policies. The model will also allow examining other
policy measures such as consumption taxes.

The internship will be held within the CFM Chair of Econophysics and Complex Systems at Ecole
polytechnique (visit www.econophysix.com) in close connection with Dimitri Kroujiline, Maxim Gu-
sev (LGT Capital Partners, Geneva) and Jean-Philippe Bouchaud (CFM). The internship will comprise
theoretical, numerical and empirical components. A good background in statistical physics, data anal-
ysis and Python is advised.
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