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Abstract: <p>Similarly to the probability distribution of energy in physics, the probability distribution of money among the agents in a closed
economic system is also expected to follow the exponential Boltzmann-Gibbs law, as a consequence of entropy maximization. Analysis of
empirical data shows that income distributions in the USA, European Union, and other countries exhibit a well-defined two-class structure. The
majority of the population (about 97%) belongs to the lower class characterized by the exponential ("thermal™) distribution. The upper class (about
3% of the population) is characterized by the Pareto power-law ("superthermal™) distribution, and its share of the total income expands and contracts
dramatically during booms and busts in financial markets. Globally, data analysis of energy consumption per capita around the world shows
decreasing inequality in the last 30 years and convergence toward the exponential probability distribution, in agreement with the maximal entropy
principle. Similar results are found for the global probability distribution of CO2 emissions per capita. All papers are available at
http://physics.umd.edu/~yakovenk/econophysics/. For recent coverage in Science magazine, see
http://www.sciencemag.org/content/344/6186/828</p>
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B -
oltzmann-Gibbs probability distribution of money

Collisions between atoms Conservation of energy:
€1 \ g4 =gq+ Ac g1t gp =g ey .

| Detailed balance:
<2 / €y = €~ Ag MP(EJ P(e2) = WrgL12P(er') Ple2)

Boltzmann-Gibbs probability distribution P(e) = exp(-&/T) of energy &,
whete T = (¢) is temperature. Itis universal — independent of model rules,
provided the model belongs to the time-reversal symmetry class.

Boltzmann-Gibbs distribution maximizes entropy S = =2, P(e) InP(e)
: = const.

under the constraint of conservation law Z, P(&) ¢

Conservation of money:
my + my = Mg+ my

Economic transactions between agents

my m,'=my+ Am
Detziled balance:

mo / m,' = mp— Am W12--1‘2'P(m1) P(m;) = Wyz-12P(M1) P(my)

_Gibbs probability distribution P(rm) = exp(-miT) of money 1,

is the money temperature.
Distributions of money. income,
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Distribution of Money
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Distribution of Money
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Money distribution with debt
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Probability distribution of individual income
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Diffusion model for income kinetics

_Sr:zpose incon_'le changes by small amounts Ar over time At.
n P(r,t) satisfies the Fokker-Planck equation for 0<r<:

£=i(,;p+i(gp))! 4 =_/:/-\_">, B=((Af')l>.

dit ar dr \ At 2AL

For a stationary distribution, d,° =0 and i(BP) — =/
ar
ditive diffusion, so A and B are

For the lower class, Ar are independent of r—ad
— an exponential distribution.

constants. Then, P(r) = exp(-r/T), where T = BIA,

SEAYRCI— multiplicative diffusion, so A = ar and B = bre.

For the upper clas
1= 1+alb,—2a power-law distribution.

Then, P(r) = 1/r**, where ¢

ergy consumption
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Additive and multiplicative income diffusion
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Additive and multiplicative income diffusion

If the additive and multiplicative diffusion
processes are present simultaneously, then
A= Agtar and B= By+br? = b(rg?+r?). The
stationary solution of the FP equation is
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It interpolates between the exponential and the
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T = By/A, — temperature of the exponential part .
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Wealth distribution in the United Kingdom

United Kingdom, IR data for 1996
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Lorenz Plot of Global Energy Consumptlon
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Global inequality in energy consumption
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Gini Coetficient of Global Energy Consumpton
- G ot data B. Milanovic, J Econ Inequal 10, 1 (2012)
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Conclusions

* The probability distributi
ution of money is stable and has an equilibri
when a boundary condition, such as m>0, is imposed. et

» When debt is permitted, the distributi
. - stribution of money becomes unstabl
some sort of a limit on maximal debt is imposed.y Dle LRGeS

* [ncome djstribution in the USA has a two-class structure: exponential
(:thermal ) for the great majority (97-99%) of population and power-law
(“superthermal”) for the top 1-3% of population.

- The exponential part of the distribution is very stable and does not change in
time, except for a slow increase of temperature T (the average income).

« The power-law tail is not universal and was increasing significantly for the
last 20 years. It peaked and crashed in 2000 and 2007 with the speculative

bubbles in financial markets.

« The global distribution of energy consurmp=: .
and roughly exponential. This inequality IS important in dea

global energy problems.
. All papers at http: //p
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