






town and village communities saw their institutional frameworks
eroded by the growth of international trade, migration, and in-
terregional labor and capital markets, as well as by the process of
state formation with the rise of more centralized bureaucracies
in the (early) modern period, triggering a long episode of rising
inequality (5, 7, 35). In the late 19th century and early 20th cen-
tury, institutions aimed at effectively constraining wealth accu-
mulation were developed at the level of the nation state, with the
emergence of tax-funded welfare states. Perhaps the most con-
spicuous of these institutions is the introduction of the inheritance
tax, which limits wealth transfer to the next generation (2). Over
the past decades, however, globalization has given way to a more
unconstrained use and accumulation of wealth (29). The financial
playing field for the wealthiest is now global, and mobility of
wealth has greatly increased, providing immunity to national tax-
ation and other institutional obstacles to wealth accumulation.

Prospects
Our analysis suggests that even if all actors are equivalent, in the
absence of counteracting forces, there is an intrinsic tendency for
significant inequality to arise from multiplicative chance effects.
Although the surprising similarity between inequality of species
abundances and wealth may have the same roots on an abstract
level, this does not imply that wealth inequality is “natural.” In-
deed, in nature, the amount of resources held by individuals (e.g.,
territory size) is typically quite equal within a species. While

wealth inequality may have emerged as far back as the Neolithic
era (31, 36), the relative amount of wealth appropriated by the
richest has increased as societies have scaled up. One explanation
for this effect is scale itself. Put simply, one can accumulate less
wealth in a village than across the globe. However, as we have
argued, another explanation is that installing effective institutions
to dampen inequality becomes more challenging as scale in-
creases. Excessive concentration of wealth is widely thought to
hamper economic growth, concentrate power in the hands of a
small elite, and increase the chance of social unrest and political
instability (1, 2, 4, 37–39). This raises questions about the pros-
pects for current societies. Phases of upscaling of governance
successfully curbed unconstrained growth of inequality first in the
communities of late medieval Europe and later in the nation states
of the 20th century, but in both cases, this was a lengthy and
painful process. Whether scaling up of effective governance can
now be done at the global level and, if so, what this new form of
governance might look like, remains unclear.
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1. Data compilation and analysis 

For the wealth distribution in 181 countries we used the compilation of Gini Coefficients presented in 
table 3-1 of the Global Wealth Data Book 2015 by Credit Suisse (1).  For our analysis of natural 
communities, we compiled a database with various communities based on the data sets compiled by 
Straatsma and Egli (2). We complemented these data sets of mushrooms, fish, crustaceans, trees 
seedlings, rodents, winter annuals, summer annuals, ants and birds, with phytoplankton data, human 
gut bacteria and Amazonian tree species (see Table S1). In all data sets we sorted the species on the 
abundance and calculated the minimum fraction of the species that have 50% or more of the total 
number of individuals. Abundance is measured as numbers of individuals, except for the bacterial 
communities where it is based on RNA. 

 

Table S1. The data sets used for figure 1D (main text) 
Taxonomic group Number of 

composite samples 
Number of 
samples 

References 

Trees Barro Colorado Island 50  (3, 4) 
Trees Amazon 1 ? (5) 
Fish and Crustaceans 30 340 (6) 
Fossil Brachiopods 4 187 (7, 8) 
Summer perennials 14 3585 (9, 10) 
Summer annuals 14 4563 (9, 10) 
Winter annuals 13 3776 (9, 10) 
Rodents 26 6261 (9, 10) 
Ant colonies 12 288 (9, 10) 
Flies 4 1015 (11) 
Mushrooms 28 3731 (12) 
Seedlings 24 915 (13) 
Human gut bacteria 225 225 (14) 
Phytoplankton 100 100 (15) 
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2. Relationship between income inequality and wealth inequality  

Our analyses focus on inequality of stocks (e.g. wealth or abundance) not fluxes (e.g. income or 
immigration). The (admittedly imperfect) available data suggest that the much-discussed income 
inequality is hardly related to wealth inequality.   

 

 
Figure S1. Gini indices of wealth plotted against the (much lower) Gini indices of income for OECD 
countries. Income Gini coefficients are from OECD: 
http://stats.oecd.org/Index.aspx?DatasetCode=IDD. Wealth Gini coefficients are from table 3-1 of the 
Global Wealth Data Book 2015 by Credit Suisse (1).  
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3. The Gini coefficient and its relationship to the fraction that owns 50% 

The Gini index is a measure of dominance that is typically used to characterize income inequality, but 
may be equally used for describing wealth inequality or inequality in the abundances of species in a 
community. We illustrate how this works thinking of species in a community, and compare it to the 
fraction of the species accounting for 50% of the counts using the data on natural communities.   

 

 
 

Figure S2. Relationship between the Gini index and the % of species accounting for 50% of the counts 
in our data. A) Plotting the cumulative abundance against species rank, a straight line represents a 
situation in which all species are equally abundant. The Gini index is defined as the surface enclosed 
by this straight line and the curve (representing the observed cumulative abundance in the data) 
divided by the surface of the full triangle above the curve (representing maximal inequality where 1 
species accounts for virtual all counts). The fraction of species accounting for 50% of the counts can 
be read from this curve (dashed lines).  B) Observed relationship between the Gini index and the 
fraction of species accounting for 50% of the counts in our data (green dots: n species<30; red dots: n 
species >30). 
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4. A minimal model of wealth dynamics in society 

To see how the balance of multiplicative and additive forces shapes inequality, consider a minimalistic 
model of dynamics of the wealth (W) of n families in a community. An analogous model in continuous 
time has been proposed and analyzed by Bouchaud and Mezard (16). Each time step we draw the 
return rate on investments ri for each family independently from a normal distribution 𝒩𝒩with an 
average of β (default 0.05) and a standard deviation of σ (default 0.05). The return on investment is the 
product of this rate and the current wealth (Wi,t).  Besides this multiplicative noise term we have a 
small fixed import term s (default 10-5) which denotes the savings from income. To maintain a zero-
sum world where total wealth is fixed, we take the funds ut to cover the ratio of the sum of all changes 
in wealth of all families (corrected for optional growth of total wealth) and the total wealth T so that 
the costs are distributed proportionally over all families: 

𝑊𝑊𝑖𝑖,𝑡𝑡+1 = 𝑊𝑊𝑖𝑖,𝑡𝑡 +  𝑟𝑟𝑖𝑖𝑊𝑊𝑖𝑖,𝑡𝑡 + 𝑠𝑠 − 𝑢𝑢 𝑡𝑡  𝑊𝑊𝑖𝑖,𝑡𝑡 

𝑟𝑟𝑖𝑖 = 𝒩𝒩(𝛽𝛽,𝜎𝜎, ) 

𝑢𝑢𝑡𝑡 =
𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑇𝑇
=

(∑ 𝑠𝑠𝑖𝑖 + ∑ 𝑟𝑟𝑖𝑖𝑊𝑊𝑖𝑖,𝑡𝑡)  − ∆𝑇𝑇𝑖𝑖

𝑇𝑇
 

Optionally we let the total wealth T(t) grow either linearly g1>0 or exponentially (g2>0) in time, 
resulting in a change of the total wealth of ∆𝑇𝑇 = 𝑇𝑇(𝑡𝑡 + 1) − 𝑇𝑇(𝑡𝑡).  

T(t) = T0(eg2t + g1t) 

As an alternative for the additive savings term we can optionally subtract a progressive wealth tax 
(fraction m): 

𝑊𝑊𝑡𝑡 = 𝑚𝑚 𝑊𝑊𝑖𝑖,𝑡𝑡
2  

It can been shown mathematically that a continuous time version of this model (in the absence of 
money redistribution due to ‘savings’) converges to a power-law distribution (16). 
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5. A minimal model of abundance dynamics in natural communities 

To illustrate that the results are quite independent of the particular model formulation we also analyse 
a simple ecological model that can be seen as representing the dynamics of the abundance of a 
community of neutrally competing species. Consider the dynamics of biomass (B) among a number (j) 
of species (i).  Assume that the carrying capacity (K) is the same for all species, and all species are 
identical in terms of competitive power (all competition coefficients are 1) and we scale time such that 
the maximum growth rate in biomass equals one. Stochasticity comes in as a random variation in the 
growth rates, such that each species is subject to a unique time series of randomly drawn proportional 
gains or losses (a Wiener process W with variance 𝜎𝜎). In addition, species can have a fixed additive 
term (s) to their biomass, which can be seen as an influx of individuals from the network of 
neighbouring communities:   

𝑑𝑑𝐵𝐵𝑖𝑖
𝑑𝑑𝑑𝑑

=  𝐵𝐵𝑖𝑖 �1 −
∑𝐵𝐵𝑗𝑗
𝐾𝐾

� + 𝑠𝑠𝑖𝑖 + 𝜎𝜎 𝐵𝐵𝑖𝑖
𝑑𝑑𝑊𝑊
𝑑𝑑𝑑𝑑

 

If we set s to zero, simulations of this random process quickly generate a marked inequality (Fig. S4), 
with a few percent of the species representing half of the total biomass. A small fixed s ameliorates 
such excessive inequality and also reduces the typical duration of episodes of dominance by any 
particular species (Fig. S3).  

 

 
Figure S3. Typical runs of the ecological model. Left panels: the biomass of 100 competing species. 
Right panels: the Gini index of the abundance of the species (N). Different colors represent different 
species. Upper panels are without and the lower panels with an additive inflow of individuals (s).  
Parameter settings: σ=0.02, K=100, n=100; Panels A,B: s=0; Panels C,D: s=0.0001. 
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6. Poverty as a sticky state in a two-dimensional model 

To see better how poverty is a ‘sticky state’ we show the dynamics of a two-actor version of our 
model with multiplicative noise (equations as in supplementary information 4). Since two actors own 
all resources, poverty of one actor implies that the other is close to the maximum richness. If we 
consider the speed of change of the poorest actor in the state space (Figure S4 A) we see that in the 
vicinity of two alternative “winner-takes-all” situations (close to abundance one on either axis) the 
speed of the poorest family is slow. Therefore, in a situation with stochastic perturbations it will spend 
relatively more time in such ‘slow places’ that can be regarded as non-equilibrium steady states. Still, 
as a result of the stochastic forcing, the system will occasionally shift between the contrasting states, a 
phenomenon known as noise induced transitions (17) (Figure S4 B). In the two-dimensional version of 
the model this situation results in a strongly bimodal distribution of the biomass of each family (Figure 
S4 C), pointing to two alternative ‘quasi attractors’. 

 
Figure S4. Dynamical properties of a two-actor version of our model subject to noise (see main text), 
illustrating how slowness around trivial equilibria where one of the actors has close-to-zero densities 
results in long residence times. Panel A shows the speed (rate of change) of the poorest actor (rates 
increase from blue to red). The slowness around the trivial equilibria causes the system to stay around 
these states most of the time, punctuated by occasional stochastically induced transitions (panel B). As 
a result, the frequency distributions of wealth is strongly bimodal since any actor is either very rich or 
very poor most of the time (panel C).   
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7. Three minimal agent-based null models of wealth distribution 

We compare three agent-based models that describe the wealth redistribution of 1000 agents. The 
simulation starts that all agents have an equal amount of money.  

In the first model (18) the agents exchange money in a way inspired by the kinetic energy exchange of 
particles. Here a random pair of agents is chosen. One of them is assigned to be a winner and one a 
loser. Then a random amount of money (∆𝑊𝑊) is drawn from a uniform distribution (U(x)) between 0 
and the average amount of money of all agents (𝑊𝑊� ). The loser transfers this money to the winner, but 
this transaction only takes place if the loser owns more money (𝑊𝑊𝑖𝑖) than the amount of the transaction: 

𝑊𝑊𝑖𝑖 = 𝑊𝑊𝑖𝑖 − ∆𝑊𝑊 

𝑊𝑊𝑗𝑗 = 𝑊𝑊𝑗𝑗 + ∆𝑊𝑊 

∆𝑊𝑊 = 𝑈𝑈(0,𝑊𝑊� ) 𝑎𝑎𝑎𝑎𝑎𝑎 ∆𝑊𝑊 > 𝑊𝑊𝑖𝑖 

Note that in this scenario it is possible that a poor agent gains much more than it owns. After 1000 
exchanges between pairs there is a redistribution of money by progressive taxes. Each agent has to pay 
a fixed proportion of their wealth, which is redistributed equally among all 1000 agents. 

The second model is similar to the kinetic exchange model; only the rules for the exchange differ. 
When two agents meet, the transaction money (∆𝑊𝑊) is drawn between 0 and the minimum wealth of 
both agents. Now the transaction is always possible, but the poorest agent cannot gain more than it 
owns. 

𝑊𝑊𝑖𝑖 = 𝑊𝑊𝑖𝑖 − ∆𝑊𝑊 

𝑊𝑊𝑗𝑗 = 𝑊𝑊𝑗𝑗 + ∆𝑊𝑊 

∆𝑊𝑊 = 𝑈𝑈�0, (min (𝑊𝑊𝑖𝑖 ,𝑊𝑊𝑗𝑗)� 

The third model is a dice game with 1000 agents. At the start of the game each agent owns 100 dollar. 
In each round, everybody rolls a dice. The value of the dice determines the fractional gains or losses: 

Value Gain or loss 
1 -0.8 
2 -0.4 
3 -0.2 
4 +0.2 
5 +0.4 
6 +0.8 

Each agent first takes its proportional gain or loss.  
𝑊𝑊𝑖𝑖(𝑡𝑡 + 1) = (1 + 𝐷𝐷𝑖𝑖) 𝑊𝑊𝑖𝑖(𝑡𝑡) 

The overall amount of money in the game is maintained constant by redistributing overall gain or loss 
over all agents proportionally to their wealth: 

𝑊𝑊(𝑡𝑡 + 1) = 𝑊𝑊𝑖𝑖(𝑡𝑡) +
𝑇𝑇 − ∑𝑊𝑊𝑖𝑖(𝑡𝑡)

𝑇𝑇
𝑊𝑊𝑖𝑖(𝑡𝑡) 

Optionally there is again a proportional redistribution of money in the same way as in the other 
models. We run each of these models for 100,000 time steps (in one time step 1000 transactions take 
place in the first two models).  



9 
 

The economy described by the first kind of model (18) is sometimes called a “burglar economy”. As 
the poor may “steal” from the rich, this null model results in a relatively equal society (Figure S5).  
Redistribution by progressive tax can make this society even more egalitarian.  

 

On the other hand, the adapted exchange model and the dice game behave in very similar ways as both 
are approximately describing multiplicative noise. Both models result in a very high inequality. 
Redistribution by progressive taxes can equalize the society. 

 

 
Figure S5. The Gini index after a long run of 100,000 steps as a function of the redistribution rate for 
the three agent-based models. The blue line (‘Kinetic exchange’) shows the inequality of the model 
based on the Boltzmann distribution of energy of a gas (18). The red line is the adapted model where 
an agent cannot gain more than it owns. The green line is the pure additive dice game.    
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8. Effect of savings and taxation on simulated wealth inequality 

Inequality can be reduced by adding a small savings flux to wealth or by taxation (parameters s and m 
respectively in the model described in supplementary information 4) (Fig. S6). 

 
Figure S6. The simulated effects of savings, s (left hand panel) and progressive taxation, m (right hand 
panel) on the Gini index for wealth redistribution. The line is the median value of 100 runs of 10000 
time steps each, the purple area indicates the 5th and 95th percentiles of 100 runs.  
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9. Effects of economic growth and crises 

The reduction in wealth inequality during and directly after the two World Wars has inspired the 
suggestion that wealth destruction and economic growth will reduce inequality. To explore the 
potential effect of these mechanisms we simulated scenarios with our minimal wealth model. In this 
model, neither a linearly nor an exponentially growing economy (total wealth, T) reduced inequality 
(Figs. S7A and B). Also, repeated crises, simulated as discrete reductions of total wealth, resulted in 
only a modest reduction of inequality in simulations provided that there was an (unaffected) savings 
flux to wealth (Figs. S7C and D). In the absence of saving our simple model predicts virtually no 
effect of periodic partial destruction of wealth ((Figs. S7E and F). 

 

 
 

Figure S7. Sensitivity of the model results to economic growth and intermittent crises. A) the effect of 
the growth rate g1 in a linearly growing economy T (𝑇𝑇𝑡𝑡 = 𝑇𝑇0 + 𝑔𝑔1𝑡𝑡); B) the effect of the growth rate g2 
in an exponentially growing economy (𝑇𝑇𝑡𝑡 = 𝑇𝑇0𝑒𝑒𝑔𝑔2𝑡𝑡 ); C) the effect of discrete crises where a 
proportion of all wealth is removed (frequency each 100 steps, savings = 1 10-5); D) the effect of the 
frequency of discrete crises where a proportion of all wealth is removed (fraction left after crisis = 
0.1, savings = 1 10-5); E, F. effect of discrete crises without savings (s=0).  
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