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Abstract: We present a model featuring heterogeneous households with a conspicuous consumption motive, in
which inequality can decrease financial stability, and relate this behavior to the recent financial crisis in the USA.
A natural policy conclusion would be to combat income inequality jointly with financial instability by means of
a progressive system of taxes and transfers. We investigate this for the case of a simple flat tax system on labor
income. The system succeeds in decreasing volatility in asset markets by decreasing the share of high income
individuals participating in destabilizing speculation. However, the model provides some very cautious notes
on redistribution. As a result of redistribution, all agents are worse off class-wise and accumulate large amounts
of debt, posing another potential hazard to financial stability. The latter can be explained by the arms race
property of relative consumption. Moreover, the decreased inequality of income (flow) is accompanied by an
increased inequality of net-worth (stock).
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Introduction

The recent financial crisis in the USA led to a major downturn of the world economy. With the benefit of hind-
sight, many factors have been identified as leading to the crisis. Amongst others the increase of income inequal-
ity was frequently mentioned by many popular commentators (see e.g.,|Rajan|[2010; |Reich|2010). Their main
rationale is that in the presence of low interest rate levels financial intermediaries started to expand the activi-
ties of house financing for the group of low-income households (the so-called subprime segment). This shift to
risk was backed by government officials, opaque financial innovations for risk transfer, and special bankruptcy
rules in the US allowing for only adhering with collateral and not with personal wealth. The increased collateral
value of the house was also employed to lever up for other forms of consumption (rather than housing) and
thereby allowing low-income individuals to keep up with the Joneses in terms of consumption. As the house
prices collapsed many individuals were confronted with the need to massively delever resulting in the severe
worldwide economic downturn.

The empirical evidence for the USA suggests a relationship between private debt and inequality. Figure[l|presents
the share of the top 0.1% - as a measure of inequality - and the share of private debt (household and non-profit
organizations) to disposable personal income. There is a significant positive correlation between the two mea-
sures amounting to 0.95.

Theoretical models try to capture the underlying mechanism. It has been studied in some theoretical models
using either Dynamic Stochastic General Equilibrium (DSGE) methodology (Kumhof et al.[2015) or the Agent-
Based Model (ABM) approach (e.g., Konig & GroR112014;|Cardaci2014)2. The latter approach seems highly fruit-
ful for the considered questions as this modeling in particular embraces heterogeneity and social interaction
which are in the core of the underlying issue. Moreover, the issue of instability is not ruled out by assumption.
The model considered in this paper was introduced in|Fischer|(2013). In this paper, numerical simulations sug-
gested a positive relationship between inequality and financial stability. This paper recaptures the model and
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Figure1: Inequality and debt in the USA (Data source - Top income {Atkinson et al.[2011; debt:|Board of Governors
of the Federal Reserve System|2011|)

enhances the latter paper substantially by showing various robustness checks and in particular pointing to the
underlying mechanism using closed-form solutions of (a slightly simplified) version of the model.

From the perspective of low-income individuals the gap between desired consumption level (the proverbial
Joneses) and current labor income increases with inequality. Debt provides a short-term solution to the issue.
The latter is willfully supplied by high income individuals making them build up high net-worth positions. The
higher net worth increases speculation in financial markets, which can produce price bubbles in the model due
to the complexinteraction of chartist and fundamentalist rules. Higher prices also relax the collateral constraint
and increase borrowing. Once the price bubble of risky assets burst, massive deleveraging sets in. Thus, the
markets of risky assets and consumption goods are related in a non-trivial manner.

The second contribution of the paper comes from a policy perspective. Given the discussion about the financial
crisis and the documented massive increase in inequality (e.g., Piketty|2014), there was a call for higher taxa-
tion (e.g., Diamond & Saez|2011). Given the above argument higher redistribution of labor-income - being the
original source of inequality in the model - is expected also to enhance financial stability. Thus, it is expected
that the research question asked in the title of the paper should be answered in an affirmative way. Yet, the
paper provides a cautious note on this question. We discuss a self-financing labor income-taxation and transfer
system. While the tax - by taking from the rich - reduces speculation on asset markets, it has some adverse wel-
fare effects. In particular, the redistribution leads to an increase in the relative consumption level requiring a
higher level of debt, leading to a potential increase in financial instability due to overborrowing of low-income
individuals. Higher borrowing increases the rate of interest. The increased borrowing costs in turn lead to a
higher borrowing implying the possibility of unstable Ponzi-Schemes. Moreover, we show that the lower level
ofincome inequality (flow), is eventually accompanied by higher levels of net-worth inequality due to increased
borrowing.

The remainder of this paper is organized as follows. [Section 2|presents the baseline model and discusses the the
relationship between inequality and financial stability using both simulations and the underlying mechanisms.
In[Section 3|the modeling of the tax system is introduced and investigated by means of numerical simulations
in[Section 4] The final section wraps up.

Results in the Baseline Model
This section presents the basic underlying model also featured in|Fischer|(2013). The mechanisms leading to fi-
nancial (in)stability are discussed in section[Section 2.2|using a simplified version of the model. Section

[2.3|presents a simulation study discussing the role of inequality on financial stability in a calibrated version of
the model. The robustness of the model results is checked in section[Section 2.4

The Model

This section describes the underlying model. The code is available online.?
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We discuss a dynamic model of i = 1,--- | N heterogeneous households at periodst = 1,---,T that re-
ceive an exogenous labor income y; that is unequally distributed. Households employ this labor income for
consumption ¢; ;. Moreover, they buy a certain amount of risky assets d; ;.

actions of the agents

A
[ |
Demand for savings or
exogenous consumption risky assets debtaccu- specific market cumulated

wage decision mulation  actions clearing  data
| | | | | | | t
[ I l | [ [ |
Vi Ci¢ di " AD[. " consumption Pt National income
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Figure 2: Timeline of the events in the model

The general timeline of the model is documented in Figure[2] Based on their current wage income y;, their
current risky asset holdings at current prices g; + P;, and their indebtedness D; ; households make their deci-
sions about consumption which determine their (dis)savings. Some very low income agents might be forced
to decrease their consumption. As soon as all IV costumers have made their consumption/investment plans,
markets for risky assets and savings decide new prices in order for markets to clear. At the end of every simu-
lation period cumulated measures such as Gross Domestic Product (GDP) as well as distributional indices such
as the Gini-coefficient of net worth are calculated.

The flow equation is given as follows:

AD;y=D;41—Diy=— (yi — iy — Pudiy) 1Dy (M

savings

If total income exceeds income, households are net savers and accumulate claims (D; ; < 0). In the opposing
case, households accumulate debt (D; ; > 0). Initially, agents are endowed with zero debt (D, o = 0). The
risky assets are traded at the current market price P,. The interest rate r; for debt/claims increases with excess
supply of savings. Any (temporary) imbalance in the savings market is assumed to represent a current account
surplus (in the case of excess savings) or - in the opposing case - a current account deficit that is passively filled
by foreigners. On an individual level net worth is computed as follows:

Wit = Piqiy — Diy, (2)

where ¢; ; = ¢; +—1 + d; + represents the amount of risky assets which are activated at the current market price
in the balance sheet. In fact, net worth is the the current value of asset (being the wealth) net of debt.

The consumption is modeled following |D’Orlando & Sanfilippo| (2010), who present a Keynesian ad-hoc con-
sumption function founded on behavioral theory:

cit = ¢+ cy - maz{0; (y; — reDit)} + cow - maz{0; Wi}, (3)

with different Marginal Propensities to Consume (MPCs) for different input factors (0 < ¢,, < ¢, < 1)and a
subsistence level of consumption. One key assumption of our model is that the latter is derived from a relative
consumption motive (Duesenberry|1949) and is computed as follows:

¢ = quantile;(y;). (4)

The quantile j describes the minimum income that households want to consume. This level therefore crucially
depends on the income distribution. In fact, this is a minimum consumption level uniform for all individuals.
This can be considered the income level of the proverbial Joneses no family wants to fall short off with respect
to consumption in order to indicate to their peers (Duesenberry(1949).

In a next step, households decide on how much to invest in risky assets. In our model, risky assets can be taken
as collateral against which to borrow. To form the demand for risky assets, we closely follow the literature on
Heterogeneous Agent Models (HAMs) in financial markets to model a market with endogenous boom/bust be-
havior. Households decide how many risky assets to buy based upon the result of a optimization with Constant
Relative Risk Aversion (CRRA) of g: 4>

Ef(ptﬂ —pt) — Tt
00>

Pig; s = Wi . (5)
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We use the nomenclature of upper case letters for real prices P, and lower case letters for log-prices p; = In(F;).
The difference of log-prices in a first order approximation equals the expected return of the risky asset.

It is well-known that the share of risky assets decreases with the product of risk aversion g and the volatility of
the stock prices o2. There are different formation mechanisms in order to form the level of price expectations
Ek(pt —pi—1). Inour model, demand does not depend on wealth but on net worth W; , to control for the effect
of debt. Agents decide to buy risky assets when they expect their prices to increase in the future, in time of low
risk aversion g, and especially in times of low interest rates ;. The latter effect not only captures the effect that
borrowing is cheap, but also that saving the money in other investment opportunities yields low returns.

There are two different paradigms for forming expectations - a stabilizing fundamental approach and a trend-
following chartist approach. Fundamentalists expect prices to converge to their fundamentals and trade with
an aggressiveness Sr > 0:

EtF(pt-‘rl —pt) = Br(fi —pt) - (6)

We assume that the fundamental value is constant in time and normalize it to one (F; = F' = 1) making the
log-fundamental value zero (f = In(F') = 0).

Chartists on the other hand follow the recent trend with aggressiveness 5 > 0:

Etc(thrl —pt) = Be(pe —pi-1) - (7

As a result, the expectation of increasing prices can not only be due to a fundamental underpricing (as consid-
ered by fundamental traders), but also due to a self-fulfilling trend following strategy.

The weight of each strategy varies in time and is computed according to the Multinominal Logit Model giving
the weight of a specific strategy k based on its attractiveness AF (Manski & McFadden|1981):

e Ak
IUf — QXP(V t) —. (8)
> i—1 exp(vA4})

The parameter y can be interpreted as the degree of rationality, where for v = 0 all strategies always have equal
weight and for v — oo agents always switch to the currently best strategy.

Following a very popular modeling strategy e.g. laid out injHommes & Wagener|(2009), the attractiveness of a
trading strategy k A is computed as follows:

EF —
Af = t(p:flgpt)(ptﬂ —pe—71e) + >\A§—1 (9)
which - given the demand for assets in Equation[5]- can be thought of as the return on investment. The latter
is in particular high if agents are able to predict the market correctly and timely. The parameter 0 < A < 1 can
be thought of as the memory of the agents where low values reflect myopic trading.

Finally, there is always a certain degree of noise demand d;°**¢ ~ N(0,02_,..) in the market. Noise trading

results from idiosyncratic asset demand. A tangible example would be the case where a household becomes
parents and has to sell some of their financial assets in order to cover for the respective expenses. Noise trading
makes up a large chunk of overall financial market trading (Black|1986). The overall expected return is given by:

Ef (pis1 — pe) = Wi B (peg1 — pe) + wf BF (pes1 — pe) + dpoise . (10)

In fact, it is a weighted average of the fundamental and chartist strategy (and noise trading).

It is important to point out that agents delegate their portfolio composition to some professional individuals
(e.g. fund managers) who distribute portfolio share in risky and risk-free assets in a rational manner as laid
out in [Merton| (1971), but follow some rules of thumb when forming expectations (Equationsand @ Thus,
despite NV agents there are only n = 2 trading rules. The individual consumption follows the rule of thumb
logic presented in Equation[3|and is individual.

The maximum level of debt is given by a collateral constraint allowing:
Dy < Dmax = (1 —=m)Pqir. M)

In this case m reflects the required equity ratio. More generally, this can even be thought of as the measure of
financial development, for which low values represent highly evolved financial markets.
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Agents can be classified into classes depending on the ability to consume. (i) Upper class agents are net savers,
whereas the (ii) middle class and the (iii) lower class are net debtors. Agents can be ranked according to their
labor income going from low to high. The net asset accumulation for high income households, as well as the
net debt for low and middle income households, results from the combination of an exogenous subsistence
level of consumption ¢ and MPCs smaller than one. We assume that the initial endowment of assets is per-
fectly correlated with the (non-time varying) labor income ¢, 0 = Hy; by means of a heritage H > 1. Asa
result, the lowest income agents face a binding collateral constraint, cannot borrow up and thereby fail to re-
alize their consumption plans. In contrast to this, the middle class are indebted, but can, however, realize all
their consumption plans, resulting in three different classes. Thus, the binding borrowing constraint is what
distinguishes low class from middle class agents. In the model - and in line with empirical evidence (Doepke &
Schneider|2006) - the middle class hold the highest amount of debt. This is because - in contrast to upper-class
agents - they demand debt and - in contrast to lower-class agents - are not constrained in their ability to lever
up.

The reaction of the agents classified as lower class when required to deleverage is important for the aggregate
dynamics. Delevaring is in particular prevalent in asset bust when the value of the collateral decreases. The
level of delevearging is given by:®

ADi,t = ADmaz = (1 — m)Pth - Di,t < 0. (12)

Using Equation With the assumption that lower-class agents do not trade in asset markets (d; : = 0), we
assume the following consumption function:

cit = max{AD; +vy; —r4D; 4,0}, (13)

implying that agents never end up with the unrealistic result of negative consumption. Moreover, these agents
refrain from participating in the market for risky assets. This is in line with the empirical study of [Shorrocks
(1982) showing that the share of risky assets increases with wealth. More recent and similar evidence for the
USA is reported in|Saez & Zucman|(2016). Note that we exclude the interesting case of fire sales, which present
another important mechanism that can generate instability at the interaction of both markets.

Finally, we have to define market clearing. Following the well-established approach in ABMs (cp. e.g.,[Chiarella
et al.[2006) we assume that prices are computed using a market-maker approach. The log-price is computed
according to:

r E —r
Pit1 = D¢ + -~ Pt = ) tWi,t =p+ (ptﬂ LB Z Wit (14)

oo

\\Mz

for which  represent the illiquidity of the market. In particular, high values of 1 can be considered as very
illiquid markets, meaning that temporary market imbalances (either excess supply or demand) lead to strong
price changes and thus also to high price volatility.

The clearing of the debt/savings market is made in a similar way:’

N
T4r1 = I't €Xp (7\; Z ADLt) = roexp (%Dt) . (15)
i=1

This implies a positive relationship between the excess supply of debt and the interest rate being its price. We
assume that savings markets are more liquid than markets for risky assets p,, < p. The formulation with the
exponential operator (respectively with the log-prices in the former case) guarantees positive values for interest
rates (respectively prices).

In the following we discuss how financial (in)stability becomes manifest in the model.
Financial (In)Stability in the Model

As we have two markets - the market for credit/claims and the market for risky assets - financial stability has
two forms. The stability condition for the market for risky asssets® can be approximated by:

o?0 > 0.5uW, B¢, (16)
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where instability increases in the presence of chartist trading (3¢ > 0) for low risk aversion o, high volatility o2
in the market for risky assets %, illiquid markets (high 1) and high mean net worth W; '°. The latter increases if a
high amount of upper-class agents exists who accumulate a large amount of claims. As a result high inequality
accompanied by a large share of upper-class agents destabilizes the market for risky assets and thereby leads
to financial instability.

On the other hand, a high amount of low income agents leads to the fact that the economy accumulates large
amounts of debt, making the level of the interest rate increase, further requiring a higher amount of debt, pos-
sibly resulting in unstable Ponzi schemes and thereby presenting another form of financial instability. The Ponzi
scheme can be hindered by high equity requirements m providing an upper cap for the level of debt (cf. Equa-
tionﬁbﬂ1 Note, however, that the equity requirement also depends on endogenous variables - in particular the
price level P; of collateral. An asset price boom - that in this model can result from fundamental news, low
interest rates, or a self-sustaining trend following trading strategy - can soften the collateral requirements. If
this is followed by an asset price bust, many households end with too large a level of debt and are required to
deleverage. In contrast to the first form of instability focusing on the upper part of the income distribution, the
latter crucially depends on the low income households.

Thus, finally inequality and financial stability are interconnected in a non-trivial way, requiring numerical solu-
tions to explain their concrete interplay.

Exemplary Simulations of the Model
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Figure 3: Gini-coefficient and Lorenz-curve for labor income, consumption, wealth and net worth

2.24 For the simulations we assume that labor income follows a log-normal distribution:™

yi ~ L(p, Oy) = L(IOg(g)’ Uy)'

(17)

In afirst-order approximation, the resulting Gini-coefficient of this particular distribution can be described as a

function of o, only:"
Gini(y) = Ty~ 0.5640,.
= :

(18)

Therefore this popular measure of inequality can be controlled by the single parameter o,,. Concretely we as-
sume o, = 1implying Gini(y) ~ 0.56 broadly in line with empirical evidence for the USA (Wolff|2013).
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Category Symbol | Description Value
Yo Median labor income 5
Distribution Oy Inequality of labor income 1
H Heritage 20
Br Aggressiveness of 1
fundamental traders
Bc Aggressiveness of 1
Risky assets chartist traders
Y Rationality 200
A Memory 0.98
D Pseudo risk aversion 20
02 ise Variance of noise trading 0.05
i Quantile of 0.2
subsistence consumption
Cy Marginal propensity to 0.5
Consumption consume out of income
Cw Marginal propensity to 0.01
consume out of net worth
Collateral constraint m Equity requirement 0.2
Markets I Marl_«et illiquidity 0.01
for risky assets
L Market illiquidity 0.005
for risky assets
0 Initial interest rate 0.02
Initial conditions Do Initial debt for all agents 0
Py Initial price level in market for risky assets | 1 = F

Table 1: Benchmark simulation parameters and initial conditions

Rather than performing an econometric calibration we decided to rely on a reasonable tuning of the model
allowing it to generate realistic features. The model not only requires making assumptions about the value
of parameters but is also sensitive to the assumed initial conditions. Our tuning heavily relies on the closed-
form solutions. The simulation parameters and initial conditions are presented in Table[l} Figure[3|presents the
simulations result regarding inequality for the case of N = 1, 000 agents.

In our model the labor income as initial source of income inequality is constant in time (see Figure . Wealth
inequality varies in time, yet the mean of income inequality and wealth inequality are identical. This can be
linked to the fact that - in a CRRA world - portfolio structuring is independent of the level of wealth and our
assumption that the initial distribution of wealth is directly related to the distribution of income.'

Dueto theinitial condition of zero debt, the Gini of net worth starts at the identical level as wealth, but increases
to a higher level due to the mutual accumulation of debt and claims. As suggested by empirical findings, the
inequality of net worth (stock) is higher than the inequality in income (flow) (cp. e.g., Davies & Shorrocks|2000).
In fact, in the recent crisis the Gini of net worth for the USA increased to a level of 0.87 (Wolff|2013), implying
that our model even understates the true level of net worth inequality. The evolution of net worth inequality is
an emergent behavior in the model propagated by debt. As net worth now, however, also affects consumption,
this leads to the fact that consumption inequality in a dynamic process increases to a level above laborincome
inequality.
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Figure 4: Inequality of wealth and prices are positively correlated

While the mean of wealth inequality is identical to income inequality, there is a positive correlation between the
overall current price level and current wealth inequality as presented in Figure[4} implying that booms increase
inequality of wealth. In a nutshell, the underlying rationale is that high-income individuals - not being in debt -
have a higher equity ratio allowing for a stronger participation in booms. Low-income individuals face a binding
collateral constraint which prevents them from levering up. It is only near the peak of the cycle, when prices are
already high and the collateral constraint is very lax, that low-income individuals are able to go long in the asset
market. However, by being amongst the last to jump the bandwagon they also suffer most from reevaluation
losses in the subsequent bust. This is in line with the empirical evidence of |Roine et al.|(2009) showing that
inequality increases in times of high asset prices and vice versa.
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300 b o :,‘ — Variance of prices (mean)
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05
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Figure 5: Composition of agents, price volatility, and interest (mean and 80 percent confidence interval) with
variation of standard deviation o, for income following a log-normal distribution

The model allows us to vary the degree of inequality - in a ceteris paribus manner - and discusses its impact
by changing the value of the standard deviation of labor income ¢,,. In empirical discussions quantifying the
effect of inequality is very difficult as it is interspersed with a variety of different factors that feed back in various
directions. A natural experiment - satisfying the ceteris paribus assumption - is also hard to imagine in this
domain, making the theoretic discussions still the most valuable tool for analyzing the effect of inequality.
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2.30 Itisimportant to note that we only have a finite sample of N = 1,000 agents. The draw from the distribution
can vary severely. To control for this effect, we simulate each case multiple times and also aggregate along this
dimension.”

Mean of Gini of Consumption Mean of Gini of.

i —Wealth
03 i —=—Net worth

Figure 6: Inequality for parameter variation of labor inequality for variation of standard deviation o, forincome
following a log-normal distribution

2.31 First of all, higher inequality changes the distribution of agents with respect to class (see Figure[5). More in-
equality leads to more upper-class agents.

2.32 Somewhat surprisingly, we have fewer lower-class agents and more middle-class agents. The latter factor can,
however, be explained by the changing value of the relative consumption level. The rationale is that a higher
inequality decreases the relative consumption level if j < 0.5 for a log-normal distribution. Since in our case
we assume j = 0.2 this level decreases. Or put more bluntly, the reference level of consumption - the Joneses
with whom all other agents try to keep up (Duesenberry|1949) - has a lower income in a more unequal society.

2.33 Ineffect, less debtisaccumulated, interest rates decrease, but the volatility in markets for risky assets increases.
The accumulation of capital available for speculative purposes due to a strong share of high-income individuals
is the driving force behind this result. Note also that we find a direct negative relation between inequality and
the equilibrium level of interest rates. The rationale is that the market for debt is mainly driven by supply, which
increases with higher inequality.'®

2.34 The non-smooth behavior of the quantiles can be traced back to the presence of price bubbles - which is the
(financial) instability in the model. As discussed in the price boom, all agents lever up substantially decreasing
the number of high class agents (cf. lower left panel of Figure[5). Meanwhile, the collateral constraint of low in-
come relaxes making them also middle class (cf. upper left panel of Figure[5). The increased debt accumulation
also manifests itself in the increased level of interest rate (cf. upper right panel of Figure[5).

2.35 We assume an exogenous increase in the inequality of labor income. As initial asset endowment is assumed to
be perfectly correlated with the inequality of wealth, it equals the inequality of labor income. Other forms of
inequality, however, grow at a different pace. As agents accumulate debt and claims net worth increase to a
higher level (cf. Figure[6). This also feeds back to inequality of consumption which increases stronger than the
income inequality. We can rank different economic figures according to their inequality:

Gini(W) > Gini(C) > Gini(Y') = Gini(Pq), (19)

with net worth being the most unequal measurement and the (exogenously assumed) factor of wealth and labor
income are most equally distributed.

Robustness Check

2.36 The parameters associated with therisky asset trading are well tested in the literature of concerning the fundamental-
chartist model (for an overview e.g. refer to|Lux|2009; Chiarella et al.[2009;|Hommes & Wagener|2009). Thus,
the key novel parameters in our study are the ones related to consumption (i.e. j, ¢,, and ¢,,). Essentially, all
latter parameters increase the desire to consume and thus reshuffle a lot of agents to a lower class for a given
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following a log-normal distribution

income. Exemplarily, we show the simulation results for a variation of ¢, here, while keeping all other parame-
ters fixed as reported in Table 1."7 '® The higher demand for debt in order to increase consumption has the effect
of increasing the interest rate on debt (cf. Figure[7).
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Figure 8: Inequality for parameter variation of MPC out of income ¢, for income following a log-normal distri-
bution

2.37 Meanwhile, the increased consumption decreases trading in the risky asset and thus also decreases volatility of
asset prices (cf. the lower panel of Figure[7). As these agents employ debt in order to finance this consumption
the networthinequality increases (cf. Figure[8). The same holds true for the inequality of total income (y; —r¢ D;)
which also depends on debt. Essentially, changing the parameter changes the magnitude results of the model,
while maintaining the overall mechanisms as stretched out in the previous discussion.
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Figure 10: Inequality for a variation of the tail-coefficient a with income following a power-law

2.38 Asafurtherrobustness check, we also vary the concrete distribution. Itis well-known since the investigations of

2.39

Pareto|(1896) that the upper tail of the income distribution is not well described by the log-normal distribution
which we employed so far. The latter is well-described by a Power-law (or Pareto-distribution) with a cumulative

probability density function:
Fly)=1- (y) , (20)

Y

fora > 1. We set the mode of the Pareto-distribution ¢ such that the mean for both distribution remain identi-
cal'® in order to have similar scales and vary a. It is well-known that the Gini-coefficient is given by:
Ginily) = — )
wmi = —
V=9 -1
thus decreasing with a. A reasonable value for the tail-coefficient is a = 1.5 implying a income share of the top
10% (top 0.1%; cf. Figure[l) of 46.4% (4.64%)% and a Gini of 0.5.

We vary the value of 1.2 < a < 3 and report the results in Figure[9] Qualitatively, the results are identical to
the case with a log-normal distribution. Higher inequality - i.e. lower values of a - are accompanied by more
upper class agents and (slightly) more middle class agents, making all individuals better off class-wise. The
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higher saving by the top income holders pushes down the interest rates and the volatility in financial market
increases. Note that the measure is highly sensitive around the values of 1.2 < a < 1.5 for which the inequality
(as measured by the Gini-coefficient) severely increases from approx. 0.5t0 0.7 .

Redistribution in the Model Economy

The model can account for several stylized facts of real economies. Moreover - and as already set forth in an
earlier publication (Fischer|(2013)) - the model generates a positive relationship between inequality and finan-
cialinstability. A natural solution to the problem therefore would be to introduce a taxation and transfer system
that redistributes between agents, not only to combat inequality but also financial instability. Section
presents our modeling of a simple linear redistributive tax system and discusses it based upon numerical
simulations in section[Section 3.2

A Tax System with a Flat Tax and a Minimum Income

Ymin

Ymin/ T

Figure 11: Relation between market and post-tax income

We assume that taxes are only imposed on laborincome which we assume to be the exogenous source ofincome
inequality.

All individuals are subject to a flat income tax with a tax rate 7, while also receiving a basic income ¥,,,;,. The
individual income after taxes z; is thus given by:

zi = (1 = 7)Yi + Ymin. (22)
A different reading is that of a tax-free level yrr that is exempt of taxation:
zi = (1= 71)(yi —yrr) + yrp. (23)

Comparing the two equations it is clear that yrp = ¥z, Thus, the minimum income is always lower than
the tax free income.?' The relationship between market income y; and income after taxes and transfers z; is
depicted in Figure[11] This combined (linear) system of taxes and transfers is close to the negative income tax
as proposed by Friedman & Friedman|(1962). In the public economics literature, the level y,,,;, is also referred
to as the demogrant, this being a minimum income level that is guaranteed to all individuals regardless of their
respective labor income.

We want to assume a Robin Hood-tax whose only aim is to redistribute between individuals.?? The self-financing
of the system requires:

N
0 ; Z(Tyi B ymin) - TNZ? o Nymin = N(T? - ymin) — T = % (24)
i=1
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Country | Redist
Mexico 0.02
USA 0N
Canada 0.13
Japan 0.15
Spain 0.16
Sweden 0.22
France 0.22
Germany 0.23
Finland 0.25

Table 2: Redistribution in various countries (Data source: OECD|2012)

In this case, y = Zfil % is the mean income. The financing condition links the tax rate 7 and the minimum

income y,,,;, and thus only leaves one degree of freedom for shaping the tax system.

A measure for the relative degree of redistribution Redist is the log-difference between the Gini-coefficient
before (GBT) and after taxes and transfers (GAT):

(25)

Redist =1og(GBT) — log(GAT) = log (GBT) .

GAT

Table[2]presents some empirical evidence for the ratio. This ratio is easy to transfer to our model. As shown in
Equation(18|(in a first-order approximation) for a log-normal distribution the Gini-coefficient is proportional to
the standard deviation (Gini(y) ~ o). Due to the linearity property we have o, = (1 — 7)0,. As a result:

GBT oy B 1 N
o (i) = (7507, ) = s (725) = o

making the tax-rate 7 a simple index of redistribution. Given the empirical evidence presented in Table[2values
ranging up to 7 = 0.35 are empirically meaningful and chosen for testing the model in the following.

Effect of Taxation

In this section we present simulation results for the case with atax on laborincome y. In this section, we take the
benchmark model and vary the parameter 7 in a ceteris paribus fashion for reasonable levels of 0 < 7 < 0.35
as presented in Table[2]* For this section, we assume that - rather than being formed on the distribution of the
market income y; - the subsistence level of consumption depends on the distribution of the post-tax income
Zit-

¢ = quantile;(z; ). (27

This assumption is essential for the results. As the post-tax income determines the available income for all
agents, it is also the underlying variable for deriving the subsistence level of consumption. As shown in Figure
12} an increase in the tax level 7 increases the income level of the low-income households, also leading to a
higher subsistence level of consumption. This is one of the central problems in redistributing flow income in
the presence of relative consumption. The relative position of individuals does not change, while the minimum
consumption level even increases. In fact, as also shown in Figure[12] the minimum consumption level is always
above the minimum income?* provided by the tax system. Even though the gap between minimum income and
minimum consumption narrows, it still persists (only converging to zero for an egalitarian society with 7 = 1),
requiring debt financing of consumption for some individuals.

Figure 12: Subsistence consumption é = ¢;,,5,, and minimum income ¥,,,:,, as a function of tax rate 7 forincome
following a log-normal distribution
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Figure 13: Agent composition and market conditions in the market for risky assets and debt with variation of
the flat tax rate 7 for income following a log-normal distribution
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Figure 14: Different Gini-coefficients (mean in time) for variation of flat tax rate 7 for income following a log-
normal distribution

As shown in Figure[13] the Robin Hood-tax reduces the number of high-income households by taking from the
rich. The social function of high-income households in the model context is to provide debt for lower income
households. As the upper-class households vanish, the net-supply of debt decreases, accompanied by high
interest rates.?> The high interest rate furthermore lowers the disposable income of lower income households,
leading to an actualincrease in lower-class households. Therefore, and somehow surprisingly, in a society with
relative consumption, an income tax not only transforms upper-class into middle-class households, but also
leads to the fact that middle-class households turn into lower-class households. As a result, the situation with
taxes class-wise is Pareto inferior to a situation without taxes.

As presented in Figure[13] taxes reduce price volatility for risky assets and decrease their overall prices. This is
because the share of upper-class agents participating in speculation in markets for risky assets decreases.

Finally, we can make a statement about different forms of inequality in the tax-regime case (see Figure[14). As
already stated, the flat tax rate and labor income inequality can be related in a simple linear manner. Inequality
of consumption, however, is above labor income inequality. In this region, the gap between these two forms of
inequality increases due to consumption out of net worth (stock) as well as the total income inequality stem-
ming from capital income. This effect can be attributed to the higher net worth (stock) inequality (documented
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in the right panel of Figure[14). Thus, the inequality of total income (i.e. capital and labor income z; = y; —rD;)
also decreases less than the inequality of (pure) labor income. While the tax is able to address the effects of
flow inequality, the resulting increase in mutual debt/credit positions eventually increases the stock value of
net worth inequality.

It is interesting to compare the approach with taxation - as discussed in this section - to the approach with an
exogenous variation of inequality as presented in section[Section 2.3] In this case as well, all agents are worse
off in terms of class. Yet, for the exogenous variation we not only lower the level of income inequality, but also
the level of wealth inequality, which we assume to be perfectly correlated (cf. Figure[6). The higher inequality
of debt - due to a higher conspicuous consumption level in more egalitarian societies - is quantitatively less
important than the lower inequality of wealth. As a result the distribution of net worth is more egalitarian for
the case of an exogenous decrease in inequality in contrast to the case with higher labor taxes 7.

Mean interest rate
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Figure 15: Agent composition and market conditions in the market for risky assets and debt with variation of
the flat tax rate 7 for income following a Pareto-distribution
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Figure 16: Different Gini-coefficients (mean in time) for variation of flat tax rate 7 for income following a Pareto-
distribution

As a robustness check we also run the simulation for the case where the income distribution is described by a
Pareto-distribution. We rerun the case for the realistic value of = 1.5 and show that qualitatively the results o
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changing the tax rate 7 remain unchanged (cf. Figure[i5). In general, the increase in net worth inequality is less
pronounced (cf. Figure[16). On the other hand, the wealth inequality in general is higher than in the log-normal
specification.

All in all, the redistributive tax is successful in lowering income inequality and thereby also in reducing the
number of high-income individuals who engage in potentially destabilizing speculation in the markets for risky
assets. On the other hand, the tax can transform a surplus economy in the presence of strong conspicuous
consumption into a deficit economy that accumulates large amounts of debt. Moreover, lower income (flow)
inequality is accompanied by higher net worth (stock) inequality and therefore has unintended consequences.

Conclusion

This paper argued that higher redistribution by means of taxing labor income can have unintended adverse
effects. As the reference level of consumption increases a higher level of debt is required. This not only implies
a higher inequality of net worth, but also a potential hazard to financial stability.

Recently some popular advocates (in particular|Piketty|2014) proposed a substantial tax on capital (income). In
the model at hand this would directly impact on the distribution of net worth and thereby also reduce finan-
cial instability as it counteracts the income flow from poor to rich resulting from the debt/claim-relationship.2®
However, there is a well-established literature that opposes any tax on capital income (Atkinson & Stiglitz|1976;
Judd|1985;|Chamley|1986). The key argument of these models is that a tax on the stock of capital distorts the
consumption-savings decision in favor of current consumption and decreases the stock of capital leading to
lower aggregate output. As we do not have productive capital and growth in our model, this effect cannot be
considered in the model at hand.

Note that we only discussed a very stylized and simple quasi-linear taxation and transfer mechanism. A useful
extension would be to employ a more realistic real progressive system of taxation and transfers with increasing
marginal tax rates. This, moreover, could take advantage of the richness of the ABM methodology not requir-
ing for simple closed form solutions. Another useful extension would be to impute factual micro-data of the
distribution of income to quantitatively evaluate policies. We leave this to future research.
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Appendix: Proof of the relationship between laborincome and wealth in-
equality

In our model, wealth is defined as the current asset holding ¢; evaluated at current market price P;. For the
sake of readability we want to refer to this in this proof as A; ; = P.q; ;. In general holdings of assets evolve as

follows:
Ait =Pi(gis—1+diy), (28)

where the demand for new assets is defined in Equation[5] This leads to the following equation:
Aiyt = Pt(Qi,t + MPCDtWLt) (29)

If we assume that demand for new assets does not depend on net worth W ;, but rather on total assets A; +,
this leads to the following recursive equation for total asset holdings:

A

t—1

Ay = Pi(giy + MPCDA; 1) = P, ( + MPCDtAi,t—l)

P
= Ais 1 <P L PtMPCDt> )

t—1
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The first term in brackets captures the change in wealth due to reevaluation effects and the latter due to active
buying or selling (for M PC' D, > 0 respectively M PC' D, < 0). The equation can be reformulated as follows:

t

P

A=A " + P,MPCD,. 31

t 0 Tl_[:l P, + (31)

The evolution of assets captured in the product term is independent of any idiosyncratic effects. This can be

easily verified if we compute the ratio of assets between two heterogeneous agents i # j for a specific time ¢:
Ay Ao 1T, Plil + P MPCD; 4

Aje  Ajollis, 2= + P,MPCD,  Ajo’

(32)

The distribution of assets thereby only depends on the initial distribution. By assumption (4, ¢ = HY; o) this
is totally determined by the inequality in income (flow):
Ay Ao HY;0  Yip

= = . (33)
Ajr Ajo  HYjo Yo

Therefore, the asset distribution takes the same value as the distribution of income (Gini(A) = Gini(Y)).

Note that we disregarded that demand for assets in our model is a function of net worth rather than wealth. In
this case, one can show that wealth inequality increases with prices. We spare the formal proof, but refer the
reader to Figure[4]

Notes

1If you explain the top-income share by the debt-income ratio with a simple OLS-regression, the slope coef-
ficient amounts to 0.096 and is significant at a level of p < 0.1% with an adjusted R? of 0.899.

2There has also been some empirical literature aimed at investigating the subject. As put forward in/Bordo
& Meissner| (2012) using a long dataset of historic financial crisis, financial crises are not generally lead by an
increase of inequality. These studies, however, highly suffer from the lack of data avialability, in particular re-
garding inequality measures.

3The address ishttps: //www.openabm. org/model/4936/version/1/view.
4A derivation of this result is presented in|Chiarella et al.[(2009).

>We assume that short-selling of the risky assets is not permitted. Keeping in mind that the d; ; represents
the flow of stock g; +, this leads to the following condition: —d; ; < g; +—1.

5Note that if the value presented in this equation is positive it can be interpreted as a the available debt.

"The total amount of debt growth is AD, = """ | AD;,. With the law of recursion we have r,; =
o szo exp (B2 AD;_;) = rgexp (% 22:0 ADt,j) = ro exp (4 D;) due to accumulation of debt in time.

8This results from an argument laid out in [Fischer (2012) using a linearized version of the trading model.

Here, however, we assume the more realistic case of Constant Relative Risk Aversion (CRRA) rather than Con-
stant Absolute Risk Aversion (CARA), for which the distribution matters.

%In the following we exclude the effect of time-varying volatility and thus set the product § = po? = const
and refer to it as the pseudo-risk-aversion (cf. Table[l).

10We chose the nomenclature with a bar X; = % Zﬁil X+ as the cross-sectional mean in time ¢. Thus, W,
is the mean net worth at time ¢.

"This is issue is also thoroughly discussed in the ABM of|Kdnig & GroRl (2014).

12|n general, it is possible to impute any vector for y into the model - in particular one given by micro-data.
As the distribution has N degrees of freedom, numerical simulations are required to compute the equilibrium.
Standard representative agent models that only consider the aggregate behavior respectively the first statistical
moment (mean) frequently have closed-form algebraic solutions.

13 This is easy to proof using the relationship of|Aitchison & Brown|(1957) and a first-order Taylor approxima-
tion for the transcendental error-function.
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%The exact proof for this relation is reported in Appendixﬂ

SWe take R = 20 repetitions. The reported values in this case not only aggregates in the time and agent
dimension but also in the dimension of repetitions. We, however, also provide the 80% confidence interval.
Another approach would be to merely increase the number of agents to come close to a law of large numbers.

®The demand of debt is constrained by the equity requirements as given in Equation
"We fix the random seed of the noise demand in order to ensure comparability of the results.

'8For a more detailed and extensive analysis of all model parameters the reader is referred to section 6.2 of
Fischer|(2015).

9Formally, this requires §j = yo exp(0.50%) = §

a
a—1"

2The share of the top x% can be computed by (%;) -z

ZFor this type of taxation the marginal tax rate is constant (MT = w = 7), while the average tax rate

is progressive due to the minimum income (AT = Zy;y =T — y;’;—)

22Note that we (implicitly) assume that there is no Leaky Bucket-effect in the tax system (Okun|(1975)), imply-
ing that all income is actually redistributed between the agents and not lost within an inefficient government
system.

BTo ensure exactly similar results, we once again assume the same noise trading vector as well as the exact
same pick of the log-normal distribution for the wage income distribution.

*Formally, the minimum income level is given by: Y = 7§ = Tyo - exp (0.507). For a given level of
median income and initial inequality determined by o and o, the minimum income level increases with the
flattax rate 7 in a linear manner. The closed-form value of the minimum consumption level is more complicated,
yet has near-linear properties.

#This relation is not presented in Figure[13| However, we know from Equationthat rip1 = roexp (5 Dy),
implying a clear positive relation between the level of accumulated total debt and the level of the interest rate.

%Simulation results are available on request. We spare them for this paper due to space constraints.
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