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Abstract
Previous theoretical and computational analyses demonstrate that uncorrelated vari-
ations in individual asset returns promote extreme inequality in financial wealth. 
This paper describes a standard individual-based computational model of this finan-
cial accumulation process and then extends it in order to expose other key influences 
on wealth inequality.  We find large effects of individual behavior, cultural practices, 
tax policy, and technological change. Specifically, we present simulation experi-
ments with heterogeneous saving rates, a stylized marriage institution, a wealth tax 
structured to mirror contemporary policy proposals, and variations in wage growth. 
These experiments demonstrate that modest concessions to realism have large effects 
on long-run wealth inequality in models of the financial accumulation process.

Keywords Financial accumulation process · Wealth inequality · Saving · Wealth 
tax · Growth

JEL Classifications D31 · E17 · E21

Introduction

Economists have long recognized that the distribution of wealth is remarkably une-
qual (Pareto 1897; Lorenz 1905). In the USA, the Gini coefficient of inequality cur-
rently exceeds 80%, and the top 5% of the wealth distribution hold more than half 
of total wealth (Cagetti and De Nardi 2008; Díaz-Giménez et al. 2011). Although 
high wealth inequality at the country level is common, there is substantial variability 
across countries. The smooth kernel histogram in Fig. 1 summarizes the distribu-
tion of 148 country Gini coefficients, thereby providing a nonparametric window 
on the variation across countries. Such divergent wealth inequality experiences have 
intrigued researchers and policy makers, who wish to understand or influence the 
level of wealth inequality.
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Mainstream economists have produced a large theoretical literature on wealth 
accumulation. This is typically rooted in refinements of the 1960s life-cycle model 
of consumption and saving (Ando and Modigliani 1963). From a life-cycle perspec-
tive, wealth accumulation is a by-product of intertemporal consumption smoothing: 
saving during peak-earning years buffers consumption in low-income years. Econ-
omists quickly recognized that the resulting models struggle to explain observed 
wealth inequality: they typically predict levels of wealth inequality that are too low 
(Atkinson 1971; Oulton 1976; Huggett 1996). The gap between these predictions 
and the empirical evidence is the wealth concentration puzzle, and its challenge to 
the life-cycle model persists (Cagetti and De Nardi 2008; Hubmer et al. 2016). Con-
sumption smoothing does not appear to offer an adequate explanation of observed 
levels of wealth inequality.

An alternative approach to understanding wealth inequality traces to the 1950s. 
Models of the financial accumulation process focus on the evolution of wealth that 
is implied by the compounding of random investment returns (Sargan 1957; Wold 
and Whittle 1957). In these models, high wealth is more likely to produce high 
investment income that when saved further increases wealth. (The term investment 
income denotes the returns generated by wealth.) This financial accumulation pro-
cess underpins many individual-based computational models of the distribution of 
wealth (Yunker 1999; Levy and Levy 2003; Isaac 2008; Biondi and Righi 2019). 
These models discard life-cycle saving behavior in favor of simpler rule-based sav-
ing behaviors. Saving rules more easily accommodate some evidence on wealth 
accumulation, such as wealth increases by high-income households long after retire-
ment (Land and Russell 1996; Smith et al. 2009).

In stark contrast to life-cycle approaches, the simplest models of the financial 
accumulation process tend to predict levels of wealth inequality that exceed observed 
values. However, computational research has demonstrated that taxing and redistrib-
uting investment income can substantially dampen the wealth inequality generated 
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Fig. 1  Wealth inequality across countries. An unweighted kernel density plot of wealth Gini coefficients 
for 148 countries exposes substantial cross-country diversity in wealth inequality. Data Source: Davies 
et al. (2009) 



432 A. G. Isaac 

by the financial accumulation process (Yunker 1999; Isaac 2008; Biondi and Righi 
2019). Our paper adds to the computational research on the financial accumulation 
process. It extends a simple individual-based computational model in order to incor-
porate additional behavioral, cultural, institutional, and technological influences on 
long-run wealth inequality. Our simulation experiments demonstrate the potential 
importance of each of these influences.

The paper is organized as follows. The "Computational Model" section  presents 
our computational model of the financial accumulation process. It then introduces 
a baseline parameterization of the model that reproduces the traditional results, 
described above. This baseline model provides the point of comparison for the 
computational experiments of the "Simulation Experiments" section. This paper 
describes four experiments, which demonstrate the sensitivity of the baseline results 
to individual behavior, cultural institutions, fiscal policy, and technological change. 
Specifically, we extend the baseline model to consider the consequences for wealth 
inequality of heterogeneous saving behavior, alternative marriage practices, wealth 
taxes, and the growth of labor income. We relate these extensions to the existing 
literature and demonstrate that each can strongly affect wealth inequality. The final 
section summarizes the experimental results and draws conclusions.

Computational Model

This section provides a brief overview of the computational model. A preliminary 
subsection reviews the algebraic approach to the financial accumulation process. 
The next subsection provides a computational description of the individual wealth 
holder and a summary of the simulation schedule. A final subsection proposes a 
baseline parameterization that hews closely to the algebraic approach and can repro-
duce results that are familiar from the literature on the financial accumulation pro-
cess. The subsequent section experiments with alternative parameterizations in order 
to elucidate some key mechanisms underpinning the emergence and persistence of 
wealth inequality.

Algebra for a Financial Accumulation Process

Before approaching the computational model, consider an algebraic characterization 
of a basic financial accumulation process. This will provide context for the simu-
lation model and for the computational experiments of the present paper. For the 
simplest alebra, let wealth accumulation equal the interest income on financial assets 
(Yunker 1999; Levy and Levy 2003; Isaac 2008; Biondi and Righi 2019). Let k

i,t be 
the wealth of individual i at time t, and let R

i,t be the individual’s one-period gross 
return on this wealth. Given an initial wealth k

i,0 , the wealth of individual i after T 
periods is k

i,T = k
i,0

∏T−1

t=0
R
i,t.

Standard models of the financial accumulation process do not assume that 
wealth inequality simply reflects heterogeneous investment acumen. Instead, the 
returns on financial assets are subject to idiosyncratic random shocks. Gross returns 
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(R
i,0,… ,R

i,T−1) are independently drawn from a common distribution of returns 
with mean R̄ > 0 . This implies that wealth is expected to grow exponentially. For 
example, at time 0 the expected wealth in period T is E0ki,T = k

i,0R̄
T.1 When net 

returns ( r
i,t = R

i,t − 1 ) are expected to be positive, wealth is expected to grow with-
out bound. This process underpins a simple mathematical intuition for the emer-
gence of wealth inequality.

Consider an economy that comprises a fixed number of wealth owners, who for 
now may be thought of as dynastic households. At any point in time, the distribution 
of wealth in the economy reflects the historical experiences of the individual house-
holds. In particular, it reflects their differential luck, embodied in their idiosyncratic 
net returns received over time. These vagaries of fortune underpin the emergent 
wealth inequality.

In the long run, a simple financial accumulation process with many agents tends 
to produce a lognormal distribution of agent wealths. A well-known heuristic argu-
ment provides good intuition for this outcome (Kalecki 1945; Steindl 1965; Sutton 
1997). Suppose gross returns are normally distributed and are small enough that 
the log of the gross return is a good approximation of the net return ( ln[R

i,t] ≈ r
i,t ). 

Logarithmically transform the earlier expression for period T wealth to produce 
ln[k

i,T ] ≈ ln[k
i,0] +

∑T−1

t=0
r
i,t−1 , and then recall that a sum of independently distrib-

uted normal variables is itself normally distributed.
Even from an initially egalitarian distribution, this financial accumulation pro-

cess leads to high wealth inequality. For example, consider a completely egalitarian 
economy, with a corresponding Gini coefficient of wealth inequality that is 0. As 
shown in the next section, substantial inequality emerges within a few generations, 
and eventually this Gini coefficient will approach the maximum possible value of 1.2 
In this sense, one may say that even when comparable individuals continually face 
comparable opportunities, chance differences in individual luck produce high wealth 
inequality.

Overview of the Computational Model

The algebraic model is simple and powerful, but it is prohibitively difficult to extend 
it to encompass many economically relevant considerations. This section therefore 
advances to a computational model.3 As a model of the financial accumulation pro-
cess, it must be true that individuals save out of investment income, which is sub-
ject to idiosyncratic returns. Saving remains the only source of wealth accumulation. 
However, agents in a computational model are easily endowed with a rich set of 

1 In this literature, it is common to impose a zero-wealth boundary, which effectively truncates R at 0. 
Whether zero wealth is then likely to be an absorbing boundary for wealth accumulation depends on the 
model parameterization. For example, it is in Yunker (1999) but it is not in Biondi and Righi (2019).
2 Biondi and Righi (2019) draw on (Theorem 2 Fernholz and Fernholz 2014) to provide a heuristic proof 
that this convergence is almost certain, and they provide simulation evidence that the speed of conver-
gence depends on the standard deviation of the individual returns.
3 Python code for this model is available upon request.
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features. These permit an exploration of the influence of many behavioral, cultural, 
institutional, and technological features. As shown in the next section, these can 
have large effects on the evolution of wealth inequality.

Figure 2 summarizes the features of the Agent in our model in a simplified clas-
sifier diagram (Object Management Group 2017, p.101). Features may be divided 
into attributes and operations, listed in separate compartments. Conventionally, this 
diagram additionally signifies an operation by appending parentheses to its name. 
The diagram displays only those features that are crucial to understanding the indi-
vidual in this model.

The wealth attribute holds the financial wealth of an Agent. (Discussions of 
the computational model will denote individual wealth by wealth instead of k.) 
Individual wealth earns an idiosyncratic gross real return, as in the algebraic model. 
In the computational model, an individual may also earn labor income (see the 
"Labor Income and Wealth Inequal" section for details). The computational model 
also allows for taxes and public assistance (see the "Wealth Taxes and Wealth Ine-
quality" section for details). As in the algebraic model, individual wealth naturally 
changes due to saving out of investment income, but the computational model addi-
tionally allows saving out of other income. The saving rates out of after-tax invest-
ment income ( s

W
 ) and other income ( s

Y
 ) may differ.

Operations are actions performed by or on the individual. In the simulation lit-
erature on the financial accumulation process, key operations are receiveIn-
vestmentIncome() and save(). Although these operations are often left 
implicit, they incorporate functionality that must be present. As described above, 
the investment income received by an individual depends on personal wealth, and 
changes in the individual’s wealth depend on personal saving. Additionally, in the 
present model, an Agent may receiveLaborIncome(), payNetTaxes(), 
or wed(). The next section will provide details of these extensions to the baseline 
model.

Models of the financial accumulation process focus not on the wealth of any sin-
gle individual but rather on the distribution of wealth across individuals. Outcomes 
in the economy determine the individual incomes, but in line with the simulation 
literature on the financial accumulation process, the model remains agnostic about 

Fig. 2  Features of an individual 
agent

Agent

wealth
sW
sY

wed()
receiveInvestmentIncome()
receiveLaborIncome()
payNetTaxes()
save()
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the interactions between individuals.4 Uncorrelated stochastic returns to wealth 
underpin the emergence of wealth inequality. The computational model produces 
an evolving wealth distribution by simulating the changes in wealth experienced by 
many individual agents over many periods.

Figure  3 presents the simulation schedule for the computational model, inclu-
sive of the extensions of this paper. At the beginning of a year, agents undergo any 
life events, such as death or marriage. Life events may redistribute income (see the 
"Marriage Practices and Wealth Inequality" section for details). Agents then earn 
investment income (as described above) and any labor income (as described in the 
"Labor Income and Wealth Inequal" section). Agents may pay net taxes on their 
earnings (as described in the "Wealth Taxes and Wealth Inequality" section). Finally 
and crucially, each agent saves a fraction of net after tax income. During a simula-
tion, wealths update iteratively based on this saving, using a time scale of one year 
per iteration.

Baseline Parameterization

This subsection presents a baseline parameterization of the computational model. 
In order to facilitate easy comparison with the existing literature on the financial 
accumulation process, the baseline suppresses all model features except investment 
income and saving. (The subsequent section explores additional model features via 
key parameter changes.) The resulting computational model simply implements 
the algebraic model above, for a fixed number of agents.5 This resembles existing 

Individuals
Receive

Investment Income

Individuals
Receive

Labor Income

Individuals
Undergo

Life Events

Individuals
Pay

Net Taxes

Individuals
Save

Fig. 3  Simulation schedule

5 Empirically, households appear to experience persistent differences in asset returns (Cao and Luo 
2017). Levy and Levy (2003) suggest that individual investment talent may influence investment income, 
and they therefore extend their baseline model of the financial accumulation process so that R

i,t has an 
agent-specific mean. In this context, however, they end up arguing that chance (i.e., the stochastic com-
ponent of R

i,t ) must be more important than skill in producing observed wealth inequality. Our baseline 
implementation of the financial accumulation process therefore focuses on the role of chance. (However, 
see the "Labor Income and Wealth Inequal" section.)

4 This paper does not engage the debate over the boundaries between agent-based models, individual-
based models, and econophysics models. Readers should adopt their preferred classification.
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computational models of the financial accumulation process. To drive home this 
point, Table 1 presents a baseline parameterization developed to align with a recent 
paper on the financial accumulation process (Biondi and Righi 2019). As shown in 
the first panel of Fig. 4, under this restricted parameterization, our model yields a 
close replication of their results.

The first panel of Fig. 4 illustrates the evolution of wealth inequality with a time-
series plot of the Gini coefficient. Using results from the baseline parameteriza-
tion given in Table  1, this chart reports median Gini coefficients along with 90% 
bounds for 100 replicates. (These results are robust to the changes in the number of 
agents, the initial level of wealth, the rate of saving from investment income, and the 
number of replicates.) This Gini coefficient initially rises rapidly, and eventually it 
closely approaches complete inequality. This reflects the convergence of the wealth 
distribution to a lognormal distribution, as expected from the algebraic discussion 
of the "Algebra for a Financial Accumulation Process" section. The second panel of 

Table 1  Baseline 
parameterization

Parameter Baseline value

Number of agents 5000
Number of iterations 5000
Initial wealth 10
Net-return distribution N [0.05, 0.05]
Mean saving rate from asset income 1.0
Mean saving rate from other income 0.0
Std. saving rate from asset income 0.0
Std. saving rate from other income 0.0
Rate of random marriage (%) 0
Wealth-tax rate (%) 0
Wealth-tax exempted (%) 100
Initial annual wage 0.0
Annual growth rate of labor income 0.0
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Fig. 4  Evolution of Gini with final log-wealth distribution. Baseline parameterization (see Table 1). First 
subfigure: median Gini (with 90% bounds) over time; 100 replicates. Second subfigure: kernel density 
plot for typical final log-wealths, overlaid on a fitted normal distribution
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Fig. 4 confirms this by displaying a smooth kernel histogram for end-of-simulation 
log-wealths; the shaded region illustrates the fitted normal distribution for the same 
data. Even without any statistical tests, it is clear that the distribution is approxi-
mately lognormal. Correspondingly, a Jarque-Bera test on the log-transformed data 
fails to reject normality even at the .01% level.

Despite the completely egalitarian initial distribution of wealth, extreme wealth 
inequality quickly emerges. This is solely due to random variations in the returns 
to wealth, which are uncorrelated across time and across individuals. Emergent 
inequality is a key reason that the financial accumulation process attracted the 
attention of social scientists. Individuals who behave identically and face identical 
opportunities nevertheless experience dramatically different wealth outcomes. For 
economists, this calls into question models that rely on the representative-agent 
assumption, even for researchers who are amenable to assumptions of implausible 
behavioral uniformity.

Simulation Experiments

The baseline parameterization of the previous section incorporates the two key 
assumptions of any model of the financial accumulation process: idiosyncratic 
returns to financial wealth, and positive saving rates from investment income. If 
rates of return were common across the population, the financial accumulation pro-
cess would not promote inequality. If savings from investment income were nil, the 
financial accumulation process would disappear. Under the baseline parameteriza-
tion, the simulation model illustrates the classic result that a basic financial accumu-
lation process produces extreme wealth inequality.

The baseline parameterization produces results with two clear problems. First, 
the level of predicted inequality is too high. Second, the level of predicted inequal-
ity is not variable. As shown in Fig.  1, country-level inequality outcomes exhibit 
substantial variability, which is not implied by the baseline model of the financial 
accumulation process. This section explores the sensitivity of the baseline results 
to modest increases in the realism of the model. From the diverse array of possible 
experiments, this section chooses four that have particular economic interest. We 
will consider one experiment each on the role of idiosyncratic behavior, cultural 
norms, policy institutions, and technological change. The results demonstrate that 
wealth inequality is extremely sensitive to the inclusion of any of these factors.

Saving Rates and Wealth Inequality

The baseline simulations demonstrate that extreme wealth inequality emerges in a 
population of identical individuals due to the financial accumulation process. Natu-
rally, behavioral differences across individuals can also influence the distribution of 
wealth. The first simulation experiment demonstrates this by introducing idiosyn-
cratic saving rates. This aligns with the turn towards idiosyncratic preferences in the 
life-cycle literature, which has constituted one effort to coerce life-cycle models to 
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generate plausible levels of wealth inequality (Hendricks 2007). Intuitively, a house-
hold that saves more of its interest income ought on average to experience a more 
rapid growth of household wealth.

In order to sharpen the results, consider the following modification of the baseline 
parameterization: introduce idiosyncratic saving rates, but let asset returns be shared 
across individuals. (Assuming shared asset returns affects the results only modestly 
but sharpens the intuition for the emergent inequality.) Additionally, in order to 
facilitate comparisons across scenarios, fix the mean saving rate out of investment 
income at 0.5 across scenarios. Figure 5 illustrates the outcomes of three scenarios, 
each with a different dispersion of individual saving rates.6

In order to facilitate comparison with the baseline results, this experiment once 
again begins with a completely egalitarian distribution of wealth. All three scenarios 
again imply the rapid emergence of wealth inequality, as illustrated in Fig. 5. Since 
this experiment suppressed idiosyncratic investment returns, the inequality is due 
entirely to idiosyncratic saving rates. As Fig. 5 illustrates, even a small dispersion 
of individual saving rates contributes to rapidly rising inequality. This experiment 
demonstrates that the work on the determinants of wealth inequality must attend to 
the role of behavior variation as well as to the role of luck.7
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Fig. 5  Cross-sectional saving variability and inequality outcomes.  Idiosyncratic saving rates produce 
high wealth inequality even when asset-return shocks are always shared. The plots display median Gini 
coefficients (with 90% bounds) over time, for 100 replicates

6 For this experiment, each agent’s saving rate is time invariant. Individual saving rates are distributed 
uniformly in an interval. The three intervals producing the illustrated results, as implied by the standard 
deviations reported in the figure legend, are roughly [0.45, 0.55], [0.40, 0.60], and [0.35, 0.65]. In terms 
of the algebra of the "Algebra for a Financial Accumulation Process" section, period T wealth becomes 
k
i,T = k

i,0

∏T−1

t=0
(1 + s

W,irt) , where s
W,i is the saving rate out of investment income for individual i and r

t
 

is the shared net return on investments in period t.
7 Not evident when comparing Fig. 5 with Fig. 4 is the difference in wealth mobility across time. When 
inequality is induced by the baseline financial accumulation process, there is always some individual 
mobility in the economy’s wealth distribution. In contrast, relative wealth rankings induced by idiosyn-
cratic saving rates persist. As an aside, note that in contrast to Benhabib et al. (2019), these idiosyncratic 
saving rates are not responses to changes in wealth.
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Marriage Practices and Wealth Inequality

Under the baseline parameterization, wealth owners perdure through the entire sim-
ulation. This is a typical assumption in both theoretical and computational models of 
the financial accumulation process (Levy and Levy 2003; Biondi and Righi 2019). 
Recall from Table 1 that the baseline parameterization specifies 5000 iterations per 
simulation, which proved more than enough to reveal long-run inequality trends. 
Given the baseline distribution of investment returns, the time scale of these simula-
tions must be roughly one year per iteration.

In this context, the baseline parameterization may be classified with dynas-
tic models of wealth inequality. Dynastic models of wealth accumulation may be 
roughly linked to models of wealth accumulation in the presence of assortative mar-
riage, since these models allow persistence of familial wealth (Blinder 1973; Isaac 
2014). In this sense, the baseline parameterization of the financial accumulation pro-
cess represents outcomes under an assortative-marriage cultural practice. In a simple 
and stylized fashion, the next experiment explores the consequences of a random-
marriage cultural practice—that is, of marriages that are uncorrelated with wealth.

This experiment is motivated by a computational model of inheritance with dis-
persive bequests, which argues that marriage practices are an important determi-
nant of long-run wealth inequality outcomes (Isaac 2008). The current experiment 
demonstrates that this claim can be supported by our simple model of the financial 
accumulation process, with only a small modification of the baseline parameteriza-
tion. Of course marriage and bequest institutions are purely implicit in the present 
model, but this allows a particularly simple stylized implementation: each period, 
each household has a one 1% chance of averaging its wealth with another randomly 
chosen household. This requires only minimal changes to the baseline model. Algo-
rithmically, the computational implementation proceeds as follows.

• Randomly select 1% of households.
• Randomly pair up the selected households.
• For each pair, set the wealth of each household to the pair’s mean wealth.

Although this is a radically implicit characterization of a marriage institution that 
allows marriage across class boundaries, it suffices for the current experiment. Fig-
ure 6 illustrates the consequences for wealth inequality—both its evolution, and its 
long-run tendency.8 The core intuition is simple: when marriages are independent 
of wealth, large fortunes eventually disperse. A random-marriage cultural prac-
tice counteracts the wealth-concentration produced by dynasties and causes wealth 
to disperse. This experiment uses a 1% chance of dispersal each year, so fortunes 
have a mean duration of a century. One might therefore expect the effects on wealth 
inequality to be modest, but in fact they are substantial. These results lend support 
to the view that marriage practices are an important influence on long-run wealth 

8 Accordingly, estate taxes with a mean household lifespan of 100 years can have a similar dampening 
effect on inequality. (Results not shown.)
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inequality. More specifically, this experiment supports the claim of Isaac (2008) that 
random marriage strongly limits long-run wealth inequality.

Wealth Taxes and Wealth Inequality

Recall that under the baseline parameterization, saving and the return to wealth are 
the primary drivers of wealth inequality. The previous experiment demonstrates that 
marriage practices also affect wealth inequality. A rich literature on the financial 
accumulation process suggests that tax institutions can also influence wealth ine-
quality (Yunker 1999; Isaac 2008; Biondi and Righi 2019). The next experiment 
contributes to that literature by exploring the distributional effects of a small wealth 
tax on the wealthiest 1% of households. Intuitively, wealth taxes should provide 
some counterforce to wealth concentration, but the size of this effect is difficult to 
anticipate.9

In countries that have tried them, wealth taxes often have proved unpopular and 
difficult to enforce. Nevertheless, interest in wealth taxes has been growing, even 
in countries that previously tried and abandoned them.10 In the USA, a wealth tax 
has attracted contemporary policy interest: multiple presidential candidates pro-
posed a federal wealth tax in 2020, and two of them subsequently introduced the 
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Fig. 6  Assortative versus random marriage. The assortative marriage practice retains the baseline param-
eterization. The random marriage practice implements a 1% chance of random household-wealth recom-
bination, which strongly dampens long-run wealth inequality. The plots display median Gini coefficients 
(with 90% bounds) for 100 replicates

9 Discussion of these effects by economists frequently have turned to the language of ethics. For exam-
ple, Mill (1861) urged that it was “fair and reasonable that the general policy of the State should favour 
the diffusion rather than the concentration of wealth.” This section eschews the ethical, pragmatic, and 
legal questions in favor of a descriptive approach.
10 Germany eliminated its wealth tax amid arguments that it would have to be confiscatory in order to 
raise substantial revenues. However, recent policy discussion has shifted towards restoring the wealth tax.
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Ultra-Millionaire Tax Act in 2021.11 The following wealth-tax experiment responds 
to the current policy discussions by choosing a parameterization of the tax that is 
linked to these discussions. Specifically, it explores whether a modest wealth tax of 
2%, structured to exempt all but the top 1% of wealth holders, has any appreciable 
effect on wealth inequality.

In macroeconomic models that include tax collection, the handling of tax rev-
enues varies widely. The simplest treatment is for the revenues to simply vanish. 
This may represent a maximally inefficient government, for which the activity of 
tax collection consumes in resources the entirety of revenues. Next simplest is to 
redistribute the tax revenues equally to all agents, representing a maximally efficient 
redistributional program. In between lie leaky-bucket approaches (Okun 1975).

The present experiment adopts the second approach, but the core results are 
robust across the alternatives. In order to link this to contemporary policy discus-
sions, call it the national-dividend model of redistribution.12 This experiment intro-
duces two new model parameters: the percentage of the population that is exempt 
from the wealth tax, and the rate at which wealth not exempted is taxed. Algorithmi-
cally, the introduction of taxation and redistribution proceeds as follows.

• Determine the threshold for wealth taxation by exempting 99% of agents.
• Tax wealth beyond the threshold at a rate of 2%.
• Redistribute the tax revenues equally among all agents.

Table  2 specifies the parameter values for the wealth-tax experiment, listing only 
the deviations from the baseline parameterization. In addition to adding the wealth 
tax, this experiment considers variations in the proportion of assistance income that 
is saved. As documented in Table 2, the experiment specifies three different values 

Table 2  Wealth-tax experiment

The wealthiest 1% pay a 2% tax on wealth above the exemption; the 
bottom 99% are exempt. In this experiment, the other income is the 
national dividend

Parameter Value(s)

Wealth-tax rate (%) 2
Wealth-tax exempted (%) 99
Mean saving rate from other income (0.0, 0.5, 1.0)

11 Not only are these proposals controversial, but their constitutionality remains debatable: as a direct 
tax, a wealth tax may be subject to an apportionment rule (Johnsen and Dellinger 2018).
12 This accords with the citizenship model of Isaac (2008) and public-service redistribution model 
of Biondi and Righi (2019). In terms of the algebra in the "Algebra for a Financial Accumula-
tion Process" section and footnote 6, at time t an individual i not subject to the wealth tax now saves 
s
W
r
i,t−1ki,t−1 + s

Y
a
t
 where a

t
 is the period t national dividend per capita. Contrast with the insurance 

model of Isaac (2008) or the welfare model of Biondi and Righi (2019), wherein redistribution targets 
the poorest agents. Since (as shown below) even a national dividend proves very effective at reducing 
inequality, this paper does not additionally report results for means-tested redistribution.
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for this parameter. This proves to be an important influence on the effectiveness of 
public assistance in altering the wealth distribution.

Figure 7 illustrates the core results of this policy experiment. Comparison to the 
baseline results of Fig.  4 reveals strong effects on the emergence and persistence 
of wealth inequality. This traces to two sources. First, the wealthiest individuals 
encounter a reduced after-tax rate of return on wealth. Second, the lognormal dis-
tribution has a heavy tail, potentially subjecting a substantial portion of total wealth 
to the tax. As a result of the wealth tax, the financial accumulation process is miti-
gated, particularly in the long run.

However, the extent of mitigation depends on the saving behavior of the recipi-
ents of public assistance. (This experiment varies only the saving out of assistance, 
not the saving out of investment income.) If at least half of public assistance is saved, 
long-run wealth inequality is very strongly mitigated. This is true even though most 
of agents are exempt from the wealth tax and the tax rate is modest. This experiment 
suggests that recent wealth-tax proposals may prove effective in promoting their 
professed goal of reducing wealth inequality, especially if the resulting revenues are 
efficiently redistributed as public assistance.13

Labor Income and Wealth Inequality

The final experiment explores the influence of labor income on wealth inequality. 
Labor income is ignored in many models of the financial accumulation process. An 
exception is the model of Biondi and Righi (2019), who find that labor income does 
not influence long-run wealth inequality. This subsection presents an experiment 
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Fig. 7  Wealth inequality with a wealth tax.  A wealth tax of 2% applied to the wealthiest 1% of agents 
dampens wealth inequality, but saving out of assistance influences the size of the result. The plots display 
median Gini coefficients (with 90% bounds) for 100 replicates

13 Reducing the efficiency of redistribution has the same effect on individual wealth accumulation as 
reducing the saving rate from the national dividend.
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that overturns this finding. The experiment demonstrates that their result depends on 
an implicit assumption that, relative to investment income, labor income eventually 
becomes negligible. After removing that assumption, we find that labor income can 
strongly influence the distribution of wealth.

As indicated in Table  3, three model parameters support this experiment. The 
initial level of labor income must be positive, but otherwise it has negligible effect 
on simulation outcomes. The rate of saving out of labor income similarly must be 
nonzero: if there is no saving out of labor income, then labor income cannot affect 
the accumulation of wealth. As long as saving out of labor income is positive, the 
long-run distribution of wealth is not very sensitive to the particular saving rate. 
(The speed of convergence is affected, however.) In the reported experiment, indi-
viduals save a quarter of their labor income.

Finally, the rate of growth of wage income is the focus of this experiment. This 
parameter proves crucial to simulation outcomes. To demonstrate the sensitivity 
of long-run wealth inequality to this parameter, the reported experiment considers 

Table 3  Labor-income 
parameters

Given the initial annual wage, labor income grows at the specified 
rates. Agents save a quarter of other income, which in this experi-
ment is labor income.

Parameter Value(s)

Initial annual wage 1.0
Saving rate from other income 25%

Annual growth of labor income (4.9 , 5.0 , 5.1%)

Growth Rate
4.9%

5.0%

5.1%
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Fig. 8  Labor income growth can constrain wealth inequality. The plots display median Gini coeffi-
cients (with 90% bounds) for 100 replicates, given three different annual growth rates of labor earnings 
and mean asset returns of 5%. Labor earnings effectively limit long-run inequality when wage growth 
exceeds average investment returns
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three very similar growth rates of labor income.14 These are chosen to be very close 
to the mean return on financial assets, which remains at its baseline value of 5%. 
Table 3 lists the values considered, and Fig. 8 illustrates the corresponding results.

When the growth rate of labor income keeps up with the asset-return driven 
growth rate of wealth, wealth inequality increases much more slowly than in the 
baseline. When it falls even slightly short, the dynamics of wealth inequality resem-
ble those under the baseline. However, if the growth rate of labor income is even 
slightly greater than the mean return on wealth, the dynamics of wealth inequality 
change substantially, and long-run inequality is strongly moderated.

The results of this experiment comport nicely with claims in the growth litera-
ture. The extensive monograph of Piketty (2014) argues that wealth inequality must 
increase when real asset returns exceed the economy’s real growth rate. The cur-
rent experiment demonstrates that such effects emerge even in an extremely simple 
model of the financial accumulation process.

This result may be usefully compared to another result in the literature on the 
financial accumulation process. Levy and Levy (2003) add an unexplained exog-
enous rising lower bound on wealth to their model of the financial accumulation 
process. They show that this addition affects the distribution of individual wealths, 
which no longer trends towards a lognormal distribution. Instead, the distribution 
of individual wealths eventually approximates a Pareto distribution. In light of their 
result, one may anticipate that the addition of ongoing income growth will simi-
larly push the wealth distribution away from the lognormal, particularly when wage 
growth exceeds the mean return on investments.
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Fig. 9  Wealth distribution with earnings growth. When the labor-earnings growth rate (0.051) slightly 
exceeds the mean asset return (0.050), the observed wealth distribution diverges from the lognormal. The 
line plot is a smooth histogram for typical end-of-simulation log-wealths; the shaded area represents a 
fitted normal distribution

14 For the reported experiment, the labor-income growth rates are deterministic. Allowing transient 
shocks produces similar results.
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Figure 9 confirms this conjecture for a wage growth rate (0.051) that is just above 
the mean asset return (0.050). The chart is a smooth histogram for a typical end-of-
simulation log-wealth distribution. When compared to the baseline results in Fig. 4, 
this figure demonstrates that the labor-income growth contributes a definite skew 
to the wealth distribution. The shaded area displays the PDF of a normal distribu-
tion, fitted to the observed data. The best fit normal distribution displays substantial 
deviation from the observed distribution. Correspondingly, a Jarque-Bera test rejects 
normality even at the 10% level.

Conclusion

Modern economies exhibit substantial wealth inequality; most countries have wealth 
Gini coefficients between 0.6 and 0.8. The gap between this empirical evidence and 
the much lower predictions of life-cycle savings models is the wealth concentration 
puzzle. In contrast, models of the financial accumulation process predict very high 
long-run wealth inequality, even higher than the observed levels. This paper aug-
ments a baseline computational model of the financial accumulation process in order 
to explore some key influences on long-run wealth inequality.

The financial accumulation process is the stochastic, multiplicative process gov-
erning financial assets. We develop a baseline parameterization of our model that 
reproduces classic results for the financial accumulation process. Under the base-
line parameterization, the long-run distribution of wealth reflects saving out of the 
idiosyncratic investment returns received by households. Over time, ex ante identi-
cal households experience very different levels of wealth accumulation. As expli-
cated in the "Algebra for a Financial Accumulation Process" section, this necessar-
ily engenders the highly unequal distribution of wealth associated with the financial 
accumulation process.

However, as shown in Fig. 1, country-level inequality outcomes exhibit substan-
tial variability. This is not implied by the baseline model of the financial accumula-
tion process. The computational experiments in this paper demonstrate that small, 
plausible extensions of the baseline model strongly affect the distribution of wealth. 
Specifically, this paper considers idiosyncratic saving behavior, cultural practices 
in the form of stylized marriage institutions, public policy in the form of a mod-
est wealth tax, and technological change as proxied by wage growth. We find that 
these modest concessions to realism have strong implications for the level of wealth 
inequality produced by the financial accumulation process.

By means of a sequence of computational experiments, this paper demonstrates 
that the baseline results are fragile. The first experiment suppresses idiosyncratic 
returns, which on its own would suppress the emergence of wealth inequality. How-
ever, this experiment extends the baseline model by allowing heterogeneous saving 
rates. This produces a comparable, highly unequal, distribution of wealth. Empiri-
cally, saving rates do differ across agents, but asset returns are also partially idiosyn-
cratic. The results of this simulation experiment suggest that future applied work 
may profit from attempts to sort out the relative contribution of each.
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In the baseline simulation model, the wealth ownership perdures perpetually. 
As explicated in the "Marriage Practices and Wealth Inequality" section, we may 
interpret this as a stylized dynastic model of wealth accumulation, which links the 
baseline model to models of wealth accumulation in the presence of assortative 
marriage (Blinder 1973). Our second experiment extends the baseline model so 
as to implement a stylized representation of random marriage. The results support 
Isaac (2008), who argues that dispersive bequests combine with random marriage 
practices to disrupt the wealth accumulation process. Marriage and bequest prac-
tices in our model are intentionally implicit, but this experiment nevertheless pro-
vides a qualitative confirmation of previous results that marriage practices influ-
ence long-run wealth inequality.

A third experiment considers the inequality consequences of introducing a 
modest wealth tax, which is redistributed. It is unsurprising that redistribution-
ist policy can affect inequality. However, this experiment demonstrates a surpris-
ing sensitivity to very modest policy interventions. This experiment structures the 
wealth tax to resemble contemporary policy proposals, and it finds large effects 
even when the tax is apparently modest in scope and size. A substantial reduction 
in long-run wealth inequality results from a 2% wealth tax, even when it falls on 
wealth only on wealth above a very high threshold. Such a tax effectively reduces 
the after-tax return on wealth above the threshold, which increases the likelihood 
that less fortunate agents can eventually catch up. When the resulting revenues 
are redistributed, the extent of private saving out of public assistance payments 
also matters for long-run wealth inequality.

A final experiment contests a recent, puzzling claim that, labor income has lit-
tle effect on the distribution of wealth (Biondi and Righi 2019). This experiment 
demonstrates that wage growth has the potential to powerfully mitigate wealth 
inequality. We show how to align this experiment with a well-known argument 
of Piketty (2014) that wealth inequality increases when asset returns exceed the 
growth rate of labor income. This experiment supports that claim in what may 
be the simplest possible setting: simply adding labor income growth to the base-
line model of the financial accumulation process produces the Piketty result. 
This experiment also finds that this is a knife-edge proposition. As a result, small 
changes in the growth rate of labor income can produce large long-run effects on 
wealth inequality.

The inequality implications of the financial accumulation process depend heav-
ily on behavioral, cultural, institutional, and technological substrata. By varying 
each of these separately, this paper finds that saving behavior, marriage practices, 
taxation institutions, and labor-income growth each substantially influence long-
run inequality. Recent evidence suggests that marriage is becoming increasingly 
assortative by wealth and that wage income is falling as a share of GDP (Green-
wood et al. 2014; Piketty 2014). If these trends continue, our model suggests that 
wealth inequality will continue to rise. However, it also suggests that a modest 
wealth tax can strongly constrain long-run inequality.



447Wealth Inequality and the Financial Accumulation Process  

References

Ando, Albert, and Franco Modigliani. 1963. The ‘Life Cycle’ hypothesis of saving: Aggregate implica-
tions and tests. American Economic Review 53 (1): 55–84.

Atkinson, A.B. 1971. The distribution of wealth and the individual life-cycle. Oxford Economic Papers 
23 (2): 239–254.

Benhabib, Jess, Alberto, Bisin, and Mi Luo. 2019. Wealth distribution and social mobility in the US: A 
quantitative approach. American Economic Review, 109(5): 1623–1647.

Biondi, Yuri and Simone Righi. 2019. Inequality, mobility and the financial accumulation process: A 
computational economic analysis. Journal of Economic Interaction and Coordination, 14(1): 
93–119. Code at https:// github. com/ simon erighi/ Biond iRigh i2018_ JEIC.

Blinder, Alan S. 1973. A model of inherited wealth. Quarterly Journal of Economics, 87(4): 608–26.
Bommel, Pierre, and Jean-Pierre. Müller. . 2007. An Introduction to UML for modelling in the human and 

social sciences, 273–294. Oxford, UK: The Bardwell Press.
Cagetti, Marco, and Mariacristina De Nardi. 2008. Wealth inequality: Data and models. Macroeconomic 

Dynamics 12 (S2): 285–313.
Cao, Dan, and Wenlan Luo. 2017. Persistent heterogeneous returns and top end wealth inequality. Review 

of Economic Dynamics 26: 301–326.
Davies, James B., Susanna Sandström, Anthony B. Shorrocks, and Edward N. Wolff. 2009. The level 

and distribution of global household wealth.” Working Paper 15508, National Bureau of Economic 
Research.

Díaz-Giménez, Javier, Andy Glover, and José-Victor. Ríos-Rull. . 2011. Facts on the distributions of earn-
ings, income, and wealth in the United States: 2007 update. Federal Reserve Bank of Minneapolis 
Quarterly Review 34 (1): 2–31.

Fernholz, Ricardo and Robert Fernholz. 2014. Instability and concentration in the distribution of wealth. 
Journal of Economic Dynamics and Control, 44(C): 251–269.

Greenwood, Jeremy, Nezih Guner, Georgi Kocharkov, and Cezar Santos. 2014. Marry your like: Assorta-
tive mating and income inequality. American Economic Review, 104(5): 348–53.

Hendricks, Lutz. 2007. How important is discount rate heterogeneity for wealth inequality? Journal of 
Economic Dynamics and Control 31 (9): 3042–3068.

Hubmer, Joachim, Per Krusell, and Jr. Smith, Anthony A. 2016. The historical evolution of the wealth 
distribution: A quantitative-theoretic investigation. Working Paper 23011, National Bureau of Eco-
nomic Research.

Huggett, Mark. 1996. Wealth distribution in life-cycle economies. Journal of Monetary Economics 38 
(3): 469–494.

Isaac, Alan G. 2008, Winter. Inheriting inequality: Institutional influences on the distribution of wealth. 
Journal of Post Keynesian Economics, 30(2): 187–204.

Isaac, Alan G. 2014. The intergenerational propagation of wealth inequality. Metroeconomica 65 (4): 
571–584.

Johnsen, Dawn and Walter Dellinger. 2018. The constitutionality of a national wealth tax. Indiana Law 
Journal, 93(1): Article 8.

Kalecki, Michal. 1945. On the Gibrat distribution. Econometrica 13 (2): 161–170.
Land, K. C. and S. T. Russell. 1996. Wealth accumulation across the adult life course: Stability and 

change in sociodemographic covariate structures of net worth data in the survey of income and pro-
gram participation, 1984-1991. Social Science Research, 25(4): 423–462.

Levy, Moshe and Haim Levy. 2003. Investment talent and the pareto wealth distribution: Theoretical and 
experimental analysis. Review of Economics and Statistics, 85(3): 709–725.

Lorenz, M.O. 1905. Methods of measuring the concentration of wealth. Publications of the American 
Statitical Association, 9(70): 209–219.

Mill, John Stuart. 1861[1861]. The income and property tax, in the collected works of John Stuart Mill: 
Essays on economics and society part II, ed. John M. Robson., Volume 5. London: Routledge and 
Kegan Paul. Accessed 02 May 2019.

Object Management Group. 2017. Technical Report: OMG Unified Modeling Language.
Okun, Arthur M. 1975. Equality and efficiency, the big tradeoff. Washington, DC: Brookings Institution.
Oulton, Nicholas. 1976. Inheritance and the distribution of wealth. Oxford Economic Papers, 28(1): 

86–101.
Pareto, Vilfredo. 1896–1897. Cours D’Économie Politique. Paris: F. Pichon.

https://github.com/simonerighi/BiondiRighi2018_JEIC


448 A. G. Isaac 

Parzen, E. 1962. On estimation of a probability density function and mode. The Annals of Mathematical 
Statistics 33 (3): 1065–1076.

Piketty, Thomas. 2014. Capital in the twenty-first century. Cambridge, MA: Harvard University Press.
Rosenblatt, M. 1956. Remarks on some nonparametric estimates of a density function. The Annals of 

Mathematical Statistics 27 (3): 832–837.
Sargan, J.D. 1957. The distribution of wealth. Econometrica 25 (4): 568–590.
Smith, Karen E., Mauricio Soto, and Rudolph G. Penner. 2009, October. How seniors change their asset 

holdings during retirement.” Discussion Paper 09-06, Urban Institute.
Steindl, Joseph. 1965. Random processes and the growth of firms: A study of the pareto law. London: 

Charles Griffin and Company.
Stigler, G., and G. Becker. 1977. De Gustibus non est Disputandum. American Economic Review 67: 

76–90.
Sutton, John. 1997. Gibrat’s legacy. Journal of Economic Literature 35 (1): 40–59.
Wold, H. O. A. and P. Whittle. 1957, October. A model explaining the pareto distribution of wealth. 

Econometrica, 25(4): 591–595.
Yunker, James A. 1998–1999, Winter. Inheritance and chance as determinants of capital wealth inequal-

ity. Journal of Post Keynesian Economics, 21(2): 227–258.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published 
maps and institutional affiliations.


	Wealth Inequality and the Financial Accumulation Process
	Abstract
	Introduction
	Computational Model
	Algebra for a Financial Accumulation Process
	Overview of the Computational Model
	Baseline Parameterization

	Simulation Experiments
	Saving Rates and Wealth Inequality
	Marriage Practices and Wealth Inequality
	Wealth Taxes and Wealth Inequality
	Labor Income and Wealth Inequality

	Conclusion
	References




