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Abstract
Di5erent models of capital exchange among economic agents have been recently proposed
trying to explain the emergence of Pareto’s wealth power-law distribution. One important factor
to be considered is the existence of risk aversion. In this paper, we study a model where agents
possess di5erent levels of risk aversion, going from a uniform to a random distribution. In all
cases the risk aversion level for a given agent is constant during the simulation. While for uniform
and constant risk aversion the system self-organizes in a distribution that goes from an unfair
“one takes all” distribution to a Gaussian one, a random risk aversion can produce distributions
going from exponential to log-normal and power-law. Besides, interesting correlations between
wealth and risk aversion are found.
c 2004 Elsevier B.V. All rights reserved.
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Probably one of the most important contributions to the study of the distribution
of personal income and wealth was made at the end of the XIXth century by Italian
economist Vilfredo Pareto. In his book “Cours d’Economie Politique” [1], he presented
the statistical analysis of the income distribution of di5erent European regions and
countries. He concluded that the income distribution follows a rather universal law,
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characterized by a logarithmic pattern, described by the formula: log N ˙  log w,
where N is the number of income earners with an income higher than w and the
exponent  is named Pareto index. This income distribution is a power-law and Pareto
determined the exponent to be −1:9 6  6 − 1:2. Analysis of current economic data
seems to indicate that Pareto’s law is valid for the high income strata of society,
while for middle and low income classes the distribution appears to be a log-normal
(Gibrat) distribution. Data for Japan [2–4], the United Kingdom and the United States
of America [5–7] conOrm this idea. Also, we have veriOed from the 2002 Gross National Income (GNI) data of 179 countries [8], that the GNI of the richer countries can
be Otted with a power-law, while for the poorest ones, the best Ot is an exponential
or log-normal distribution.
A great deal of e5ort has been devoted to obtain the power-law distribution of the
wealthiest strata [9–15]. In previous articles we have proposed a Conservative Exchange
Market Model (CEMM) [16,17] with extremal dynamics of the kind of self-organized
criticality (SOC) theories [18,19]. The obtained distribution was a Gibbs-exponential
type and the results were in good agreement with the distribution of some welfare
states such as Sweden [20]. Other authors [10–12] have proposed models in which
agents save a fraction of their capital, and only the rest may be exchanged. In the
language of economics this saved part of the resources is a measure of the agent risk
aversion. Following these ideas, we present here a family of models that combine the
risk aversion ingredients with Monte Carlo dynamics and extremal dynamics. We found
di5erent interesting shapes for the wealth distribution, and in some particular cases a
power-law proOle is obtained.
Let us consider a set of economic agents characterized by a risk aversion factor (i),
so that [1 − (i)] is the percentage of wealth the i-agent is willing to risk. An agent
with (i) = 0 is a radical one who risks all his assets while, on the other hand, (i) = 1
characterizes a totally conservative agent who simply does not play the game. The
dynamics of the system is as follows: one chooses two partners that exchange resources;
the choice of the two agents may be carried out using extremal dynamics as in previous
calculations [16,17], or a Monte Carlo method as in Refs. [10–13]. In the Orst case we
start by determining the site with the minimum wealth, and then we choose at random
the other partner of the exchange. In the second case both agents are chosen at random.
When considering the case of extremal—minimum—dynamics we model the situation
where the poorest agent will try to do something to improve its situation, or else,
some external regulator (the government, for example) will act in order to favor the
handicapped. In that case one expects a more equitable wealth distribution. The second
case is best adapted to represent a kind of stock market, where the transactions occur
independently of the fortune of the agents. In both cases, we prescribe that no agent
can win more than he puts at stake, so the value that will be exchange is the minimum
value of the available resources of each agent, i.e., dw = min[(1 − 1 )w1 ; (1 − 2 )w2 ].
Finally, we introduce a probability p ¿ 0:5 of favoring the poorer of the two partners,
because a stable society requires that the poor have an advantage in transactions
with the wealthy and are protected by particular rights and marketing freedom [12].
Increasing the probability of favoring the poorer agent is a way to simulate the action
of the state or of some type of regulatory policy that tries to redistribute the resources

