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1. Introduction

Government expenditures constitute an important component of aggregate demand for-
mation and hence play a significant role in the determination of the level of macroeconomic
activity. Yet the volume of tax revenues from different sources very often becomes a binding
constraint to the expansion of government expenditures. Meanwhile, tax compliance by in-
dividuals and corporations is in and of itself a complex decision that has been shown to be
conditioned by a host of objective, subjective and social factors (see, e.g., Torgler, 2007; Alm
et al., 2010; Daude et al., 2013). The estimated level of tax evasion varies across countries,
but it is typically non-negligible and sometimes relatively high. In the US, for example, the
estimated levels and percentages of gross and net tax evasion represent a considerable loss

of revenues for the federal government, as shown in Table 1 below.!
Table 1 around here.

This paper contributes to the literature on tax compliance and macroeconomic perfor-
mance by setting forth a two-class aggregate demand-led model with the possibility of tax
evasion by firm-owner capitalists. Output is produced by a large number of imperfectly com-
petitive firms deliberately holding excess capacity in capital. Labor is in permanent excess
supply, so that it is not a constraint on output expansion in face of an increase in aggregate
demand up to full capacity utilization of the available capital stock. The model features
firm-owner capitalists, wage-earner workers, and a balanced-budget government that relies
on taxation on gross profit and wage income to finance its expenditures. Taxation on gross
profit income, however, is subject to evasion, and the actual amount of government rev-
enues (taxes paid by complying capitalists and fines paid by tax evading ones detected in

the auditing process) is endogenously time-varying driven by imitation-augmented satisfic-

Tn Table 1, the level of overall tax noncompliance is measured by the tax gap, with the word ‘tax’
including both taxes and refundable and nonrefundable tax credits. The amount of true tax liability that is
not paid voluntarily and timely defines the gross tax gap. The voluntary compliance rate is the percentage
of total true tax liabilities paid voluntarily and timely. The gross tax gap includes nonfiling (tax not paid
on time by those who do not file required returns on time), underreporting (tax understated on timely filed
returns), and underpayment (tax that was reported on time, but not paid on time). The net tax gap is
the gross tax gap less tax that subsequently was paid, either voluntarily but late or collected through IRS
administrative and enforcement activities. Thus, the net compliance rate is the percentage of total true tax
liabilities paid voluntarily or not.



ing evolutionary dynamics in the spirit of the evolutionary contributions of Herbert Simon
(1955; 1956) on bounded rationality. As a result, the macrodynamics of the level of economic
activity, which is measured by the rates of capacity utilization and output growth, is coevo-
lutionarily coupled to the microdynamics of tax compliance across firm-owner capitalists.

Firm-owner capitalists and wage-earner workers are taxed on their respective gross in-
come, but at different tax rates. The tax rate on profit income is higher than the tax rate on
wage income. Workers cannot evade taxation because there is employer source-withholding
of taxes on wage income, and firm-owner capitalists comply in remitting withheld taxes on
wage income to the government on the workers’ behalf. The functional distribution of gross
income between profits and wages is an exogenously given constant. Through taxation,
however, the government becomes a further claimant on the gross income generated in the
production process with the use of capital and labor. Therefore, the after-tax (or disposable)
wage share in gross income is also an exogenously given constant. Nonetheless, due to the
possibility of evasion of taxation on profit income, the after-tax (or disposable) profit share
in gross income and hence the share of the actual (or disposable) government revenues in
the form of taxes and fines in gross income are endogenously determined. In fact, as in a
given short run each firm-owner capitalist can be in one of three positions (tax compliant,
tax evader who is not caught, or tax evader who is caught and fined), the distribution of the
gross profit share net of paid taxes and fines (or net profit share) across firm-owner capitalists
is also endogenously determined.

Tax evasion, thus, can be seen as a weapon to which an individual firm-owner capitalist
may be willing to resort to in the inherent distributional conflict over income in a capitalist
economy. Yet there is no assurance that she will be successful in an attempt to increase her
net profit income by evading taxation, as she may get caught and fined. As both the pre-
and the after-tax wage share in income are exogenously given constant, the model features a
distributional conflict between capitalists and the government over the gross profit share in
income. Tax evading capitalists who are not caught raise their after-tax profit share relatively
to both the tax complying and the tax evading capitalists who are caught at the expense
of the actual government revenues. The dynamics of such distributional conflict between
capitalists and the government and in some sense among capitalists themselves, as well as the

resulting distributions of the pre- and the after-tax profit income that will ultimately persist



over time (in other words, such distributions in the long-run equilibrium) are determined
by the operation of a satisficing evolutionary protocol. Although the net profit income (and
hence the resulting net profit share in income) associated with each tax compliance strategy
an individual firm-owner capitalist can follow (complying, detected evading and non-detected
evading) is an exogenously given constant, the frequency distribution of such strategies and
hence the average net profit income across capitalists and the actual government revenues
are endogenously time-varying.

In addition to incorporating pecuniary factors such as the tax rate on profit income
and the expected punishment of tax evaders who are caught and fined, our novel analytical
framework based on satisficing evolutionary dynamics is also well suited to incorporate a
non-pecuniary factor affecting tax compliance for which empirical evidence has been found
in the literature. This important factor is dubbed tax morale. In fact, the threat of detec-
tion and hence pecuniary punishment is a factor inhibiting tax evasion, and there is evidence
showing that increased enforcement based on pecuniary punishment usually results in in-
creased tax compliance levels (see, e.g., Chatzimichael et al., 2019). Yet empirically observed
tax compliance levels measured in different ways and using different methodologies are very
often higher than warranted by the level of such enforcement based on pecuniary costs and
benefits. A possible reason for such a discrepancy is that although the threat of detection
and punishment and hence the net benefit associated with tax compliance have pecuniary
dimensions to them, tax compliance behavior is also subject to idiosyncratic non-pecuniary
motivations and proclivities of individual taxpayers.

More broadly, an individual taxpayer may overestimate (or underestimate for that mat-
ter) the extent to which the existing structure of enforcement based on pecuniary costs and
benefits to which she is subject poses a threat of detection and pecuniary punishment to her
specifically. Ultimately, it is the threat of detection and pecuniary punishment in the eyes of
the beholder who is contemplating the possibility of not complying with her legally due tax
obligations that will influence her decision. Yet idiosyncratic non-pecuniary motivations and
proclivities can also play a significant separate role in driving tax compliance, independently
from the influence that subjective factors may have on the estimation or perception of the
expected threat of detection and hence pecuniary punishment made by a taxpayer. In effect,

there is considerable evidence that non-pecuniary motivations and proclivities that form a



tax morale offer a plausible explanation for what has been dubbed a puzzle. The latter is
not why there is so much tax evasion (or few tax compliance), but instead why there is less
tax evasion (or more tax compliance) than could be expected solely on the basis of pecuniary
factors (see, eg., Lubian and Zarri, 2011; Luttmer and Singhal, 2014). In light of this puzzle
of tax compliance, our novel analytical framework based on satisficing evolutionary dynam-
ics is well suited to also incorporate a non-pecuniary factor such as tax morale affecting tax
compliance.

Unlike the standard analytical procedure used in the literature, we plausibly conceive of
tax morale as being either compliance-leaning or noncompliance-leaning (or even compliance
neutral). This novel understanding is predicted on the idea that an individual taxpayer may
have mixed moral feelings with respect to complying or not complying with her due tax
obligations. As a result, it is on balance that she will ultimately have either a compliance-
leaning tax morale or a noncompliance-leaning one. Even though an individual taxpayer
cannot question the lawfulness of a tax obligation levied on her by the government except
when it violates the legal tax system, she may nevertheless consider her non-pecuniary mo-
tivations and proclivities towards noncompliance as morally warranted. Therefore, the tax
morale held by an individual, in the sense proposed in this paper, has the potential of either
reinforcing or weakening (and possibly more than offsetting) the set of pecuniary factors
that also participate in the determination of her tax compliance decision. Besides, our satis-
ficing evolutionary approach to tax compliance behavior interestingly allows differentiating
a deepening (intensive margin) from a widening (extensive margin) of either type of overall
tax morale (compliance-leaning or noncompliance-leaning) across taxpayers.

Our novel analytical framework based on an imitation-augmented satisficing behavior
allows treating the microdynamics of the frequency distribution of tax compliance strategies
in the population of firms and the macrodynamics of the level of economic activity as co-
evolutionary phenomena. In keeping with considerable empirical evidence, heterogeneity in
tax compliance behavior emerges as a persistent longer-run outcome owing to pecuniary and
non-pecuniary factors, an example of the latter being tax morale.

Additionally to the relevant issue of what are potential driving factors behind tax com-
pliance (or the lack thereof), the existing literature (which is almost completely dominated

by orthodox approaches) has also been addressing theoretically and empirically the similarly



relevant issue of the implications of tax evasion for the level of economic activity. In effect, it
is clear the importance of tax revenues as a fundamental mechanism to sustainably finance
government expenditures, which are a source of aggregate demand formation. However, the
predictions that have been suggested by the existing theoretical literature and the evidence
that has been provided by empirical studies are mostly mixed. To some extent due to the
complex nature of the two-way dynamic interactions between tax evasion and the income-
generation process, it is not surprising that opposite theoretical results have been derived
and often ambiguous empirical evidence has been found for the issue of whether tax evasion
impacts positively or negatively on different measures of the level of macroeconomic activity.

Theoretical modeling using a supply-led framework has found that the impact of tax
evasion on the growth rate of output or per capita income can be either positive or negative
depending on the transmission channels that are considered and the relative strength of
the effects at play (see, e.g., Caballe and Panades, 1997; Lin and Yang, 2001; Chen, 2003;
Célimene et al., 2016; Ivanyna et al., 2016; Varvarigos, 2017). In fact, theoretical modeling
studies using a supply-led framework have also found similar mixed qualitative results for
the impact of tax evasion on the level of output or per capita income (see, e.g., Célimene
et al., 2016; Varvarigos, 2017; Bethencourt and Kunze, 2019, 2020). On the empirical front,
Tsakumis et al. (2007), using data for 50 countries and different measures of tax evasion,
found a negative relation between tax evasion and per capita income. The same negative
relation between tax evasion and per capita income is found by Schneider et al. (2010) and
Bethencourt and Kunze (2020). Meanwhile, Vasilopoulou and Thomakos (2017) use data
from 23 OECD countries for the period 2005-2013 and found that higher incidence of tax
evasion is associated to lower output growth, a result echoed by Stavjanova and Vitek (2022),
who use data from the 27 EU countries and the UK for the period 2003-2014.

This paper is also related to the literature that incorporates taxation and public expen-
ditures in an aggregate demand-led modeling framework broadly defined, nice examples of
which are Laramie and Mair (1996, 2000, 2003), Dutt (2010, 2013), Commendatore and
Pinto (2011), Commendatore et al. (2011), and Tavani and Zamparelli (2016). Yet to the
best of our knowledge, such modeling literature on aggregate demand-led capacity utilization
and/or output growth has yet to explore the possibility and implications of tax evasion — and

not simply as an occurrence exogenously determined. In effect, in accordance with the em-



pirical evidence, heterogeneity in tax compliance behavior should be treated as endogenously
time-varying and coupled to the macrodynamics of the level of economic activity.

The remainder of this paper is structured as follows. Section 2 introduces the model
structure. Section 3 solves for the short-run equilibrium configuration, supposing that the
frequency distribution of tax compliance strategies across firm-owner capitalists and a few
other variables are given or predetermined. Section 4 explores the behavior of the economy
towards the long run with a focus on the evolutionarily satisficing dynamics of the frequency
distribution of tax compliance strategies across firm-owner capitalists. Section 5 offers closing

remarks.

2. The macroeconomic setting

The model features a two-class closed market economy that produces a single good that
can be used for consumption and investment purposes. The government holds a balanced
budget by using all actual public revenues (which include taxes on wage and profit income,
besides fines on tax evaders who are caught) to place a demand on the single good. Two
homogeneous factors of production, capital and labor, are combined by a large number of
imperfectly competitive firms in the production of the single good. These production inputs

are combined through a fixed-coefficient technology common to all firms:

X =min{Kv, La}, (1)

where X is the output level, K is the stock of capital, v is the full-capacity output to capital
ratio, which is an exogenously fixed technological parameter, L is the employment level, and
a is the output to labor ratio (or labor productivity), which remains constant over time. The
technical coefficient v is a parametric constant normalized to one, and we measure the rate
of capital capacity utilization, u, by the output to capital ratio, X/K.

We only consider the situation in which aggregate demand is insufficient to yield full
utilization of the existing capital capacity at the current price level on the part of the
population of firms. Firms produce output (and therefore hire labor) according to aggregate

demand. As we consider only the situation in which firms operate with excess productive



capacity (in labor and capital), labor employment is determined by production:

L= 2)

X
—

The model economy is composed of two social classes, firm-owner capitalists and wage-
earner workers, who earn profits and wages, respectively. Each firm is owned by a single
capitalist, and each capitalist owns a single firm. There is no capital mobility across firms,
and the large number of existing firms, F', is an exogenously given constant with no entry
and exit of firms. The functional division of pre-taxr aggregate income (or gross income) is

given by:

X =wL+ R, (3)

where w is the pre-tax wage rate (which remains constant over time) and wL is the pre-tax
aggregate wage bill (or gross wage income), while R is the volume of pre-tax aggregate profit
(or gross profit income). From (1)-(3), the pre-tax profit share in income or pre-tax unit

profit (or gross profit share) is given by:

w

T=1-— p (4)
which is an exogenously determined constant with 7 € (0,1) C R, since 0 < w < a by
assumption.

Although there may be inter-class gross income inequality, within each class there is
perfect equality with respect to the distribution of the respective gross income. Through
taxation, however, the government is a further claimant on the gross income generated in
the production process with the use of capital and labor. The gross wage income of any
worker is taxed at an exogenous and constant rate given by 7, € (0,1) C R, while the profit
income of any capitalist is taxed at an exogenous and constant rate given by 7, € (0,1) C R.
On average, a capitalist receives more gross income than a worker, so that the tax system is
progressive, i.e., 7, > 7. Therefore, while the after-tax profit income is given by (1 — 7,) R,
the after-tax wage income is given by (1 — 7,)wL. Accordingly, while the after-tax or

net profit share is given by 7" = (1 — 7,)7, the after-tax or net wage share is given by



o" = (1—-1,)o, where o0 = % is the pre-tax or gross wage share.

Following Kalecki (1971), Kaldor (1955), Robinson (1956, 1962) and Pasinetti (1962), we
assume that workers and capitalists behave differently with respect to consumption. Workers
homogeneously consume all their net wage income, while capitalists homogeneously save an
exogenously constant fraction, s, € (0,1) C R, of their net profit income. Thus, the sum of
consumption expenditures and tax payments does not exceed gross income for both classes,
as there is no borrowing (in the case of tax evading capitalists who are caught and penalized,
the resulting fine does not exhaust their gross profit income, as described later).

The model is cast in real terms, as the general price level of the single good remains
constant over time and therefore the rate of price inflation is equal to zero. Firms sell their
demand-determined output production in an imperfectly competitive market for the single
good. The price of the single good is set by all firms as a constant and homogeneous markup
factor (one plus the markup) over their common nominal unit labor cost, which remains
constant. There is no tax shifting by firms, that is, the tax burden does not have any impact
on price formation. As all the components of the price of the single good are constant,
the general price level and the (real) wage rate remain constant as well. Moreover, as the
markups applied by firms are constant, the gross and net wage shares, ¢ and ¢", as well as
the gross and net profit shares, 7 and 7™, are also constant.

Meanwhile, the rate of employment is given by n = L/N, where N is the labor supply,

which is given at a point in time that we define as the short run. The employment rate is

linked to the state of the product market in the following way:

n = uk, (5)

where k is the ratio of capital to labor force in productivity units, k = K/(Na). The stock
of capital and the labor supply, and hence the ratio of capital to labor force in productivity
units, are given at a point in time that we define as the short run. Therefore, the fixed-
coefficient nature of the technology implies that an increase in output in the short run is
necessarily accompanied by an increase in employment.

An individual firm-owner capitalist periodically chooses (and possibly switches) between

two available and mutually exclusive strategies with respect to her legally due tax obligations



on her profit income: she either complies (taz complying strategy) or does not comply (tazx
evading strategy). In a given period there is a proportion A € [0,1] C R of tax evading (or
type e) firms, while the remaining proportion, 1 — A, is composed by tax complying (or type
c) firms. The frequency distribution of tax compliance strategies across firms, (A, 1 — \), is
given in the short run as resulting from previous dynamics, but it varies endogenously over
time towards the long run according to an evolutionary dynamic to be specified down the
road.

Thus, although the after-tax profit share given by (1 — 7,)7 remains constant, its com-
position is endogenously time-varying. Workers are unable to evade taxation because there
is employer source-withholding of taxes on wage income, and firm-owner capitalists com-
ply in remitting withheld taxes on wage income to the government on the workers’ behalf.?
Therefore, the wage payments that workers receive from firms is net of the respective taxa-
tion, and the wage taxes so withheld are not pocketed by evading firms and added to their
net profit shares. On the other hand, firm-owner capitalists periodically decide whether or
not to comply with their legally due tax obligations on profit income, given (among other
reasons) that it is common knowledge that not all taxpayers are audited. Nonetheless, all
noncompliant firms which are audited are certainly detected (including with respect to the
amount of taxes evaded) and are unable to avoid (through corruption, for example) either
being fined or, once fined, paying in full the ensuing fine for having evaded taxation on their
profit income.?

Despite the risk of being audited and hence detected and fined, a strictly positive pro-
portion of capitalists may decide to evade taxation on their profit income. The considered
tax compliance choice is specified as an all-or-nothing choice: due taxes on profit income are

either fully paid or fully evaded.* The probability with which a tax evading firm is detected

2In actual tax systems, the share of wage income periodically (e.g., monthly or in every paycheck) withheld
from workers is typically a credit against the workers’ (usually) annual income tax bill (which considers tax
credits or deductions etc.) If too much wage income is withheld, workers receive a tax refund or may have to
pay the government some further income later on if not enough is withheld. We assume that no such refund
or further tax payment applies with respect to taxation on either wage or profit income.

3The model also excludes the possibility of tax amnesty, which is the opportunity granted to taxpayers of
exceptionally writing off an existing tax liability (including interests and fines) by paying a smaller fraction
of the total amount due. An informative overview of the several issues involved in tax amnesties is offered
in Marchese (2020).

4See Alm et al. (2009), Bazart and Bonein (2014) and Bazart et al. (2016) for evidence from laboratory
experiments on tax compliance that the frequency of measures of tax evasion at the individual level such as

10



and hence fined is given by ¢ € (0,1) C R, which is exogenously given. The detection of
tax evading firms occurs in the course of costly tax audits periodically conducted by the
government. The auditing of firms for tax purposes has a fixed cost that is a component of
the flow of expenditures by the balanced-budget government and hence represents a further
source of aggregate demand formation. Given that the amount of government expenditures
depends on the actual public revenues (actual tax collection plus fines applied on tax evading
firms that are detected and fined), however, we adopt the simplifying assumption that the
considered fixed audit cost is sufficiently low to be always covered by the actual govern-
ment revenues. When a tax evading capitalist is detected, she has to pay a fine given by
an exogenously constant penalty rate, v € (7,,1) C R, over her gross profit income, which
is the profit income she ended up with after having evaded her legally due tax obligations.
Note that we have assumed that v > 7,, which ensures that a tax evading capitalist who
is detected forfeits a larger portion of her gross profit income than she would have forfeited
if she had complied with her due tax obligations. Moreover, we assume that v < 1, which
in turn ensures that the fine imposed on a tax evading capitalist who is detected does not
exhaust her gross profit income. It follows that the expected (average) net profit share of
tax evading capitalists and the average net profit share of tax complying capitalists are,
respectively, given by:

m=c(l—y)r+(1—e)r=(1—-ey)r and 7, =(1—7y)m, (6)

C

so that the average net profit share across firm-owner capitalists, 7% € (0,1) C R, is given

by:

Tt=Aml (=N =+ (m) —a) A= (1 —7)n+ (1, —ey)TA=T"(A), (7)

c e

7" (\)
B2

where = (1, — ey)m. Thus, the average net profit share is a strictly increasing, con-
stant or strictly decreasing function with respect to the proportion of tax evading capitalists

depending on whether the expected net pecuniary benefit (in units of gross profit share)

the ratio of tax paid to owed not infrequently peaks at zero and one.
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associated with the tax evading strategy, given by (7, — ), is strictly positive, null, or
strictly negative, respectively.

Tax evasion can then be seen as a weapon to which an individual firm-owner capitalist
may be willing to resort to in the inherent distributional conflict over income in a capitalist
economy. Yet there is no assurance that she will be successful in an attempt to increase
her net profit income by evading taxation, as she may get caught and fined. In fact, the
net profit share of a tax evader who is not caught is greater than the net profit share of a
tax compliant capitalist, but the net profit share of a tax evader who is caught and fined is
lower than the net profit share of a tax compliant capitalist (recall our assumption above
that v > 7,). Tax evaders who are not caught succeed in raising their actual net profit
income (which then becomes equal to their gross profit income) at the expense of the actual
government revenues. However, tax evaders who are caught and hence fined face a reduction
in their actual net profit income (which then becomes lower than the net profit income of tax
compliant capitalists) in benefit of the actual government revenues.” Of course, it follows that
the very same decomposition applies to the gross profit share, 7 = R/X. Hence, it is not only
the distribution of gross profit income between firm-owner capitalists and the government
that is endogenous to the dynamics of the frequency distribution of tax compliance strategies
across firm-owner capitalists, but also the distribution of net profit income among firm-owner
capitalists themselves.

As properly explained shortly, all firms accumulate capital at the same rate, which implies
that the aggregate capital stock, K, remains uniformly distributed across firms. It follows
that:©

K. K.

N 1-—

= K, (8)

where K is the total capital stock of firms of type j = e, c. It then follows from (8) that

5Tn effect, if we add together the net profit income of the subpopulation of tax evaders who are not caught,
A(1 — €)R, the net profit income of the same subpopulation who is caught and fined, Ae(1 — ¥)R, the net
profit income of the subpopulation of tax compliant capitalists, (1 — A)(1 — 7,) R, and the actual taxes and
fines on profit income accruing to the government, [(1 — A)7, + Aey]R, the total sum is equal to the gross
profit income, R. In fact, we have that [A(1 —¢) +Xe(1—7)+ (1 —-N)(1 —7,) +Aey+ (1 - N1 ]R=R

6The meaning of the implied assumption in (8) can be explained as follows. Recall that F is the (constant)
total measure of firms in the economy and let F, be the measure of tax evading firms. As the aggregate

capital stock is uniformly distributed across firms, it follows that % = FI—(%, = % We obtain (8) by
multiplying both sides of these equalities by F' and using the definition A = %

12



the proportion of the aggregate capital stock that is uniformly available to the firms of each
type is proportional to the share of each type in the population of firms, that is, K./K = A
and K./K =1— A

As we assumed earlier that prices are equalized across firms, it is warranted to further
assume that aggregate demand is uniformly distributed not only across firms following the
same tax compliance strategy, but also across tax compliance strategies. Therefore, capacity

utilization is also equalized across tax compliance strategies:

X
ue—uc—U—E, (9)

where u; = X;/K; is the measure of the rate of capital utilization of type j = e, ¢ firms.”
Given that output production and labor productivity are equalized across firms, labor em-
ployment is equalized across firms as well.®

Based on the homogeneity in (9) and using the profit shares defined in (6), we can express
the expected profit rates of tax evading and tax complying firms, respectively, as follows:

r =mlu= (1 —ey)ru and 1l =mlu=(1—71,)7U, (10)

so that the average net profit rate across firm-owner capitalists, 7", is simply:
=X 04+ (1 =Nl =M+ (1= Nl ]u=7"(Nu=7"(N). (11)

Note that the response of the average net profit rate to a change in the proportion of

tax evading capitalists, given the rate of capacity utilization, is qualitatively the same as

o) RN,

the respective response of the average net profit share in (7), that is, =5 Y

(1, — ey)mu.

Firms make decisions to accumulate capital independently from available savings. The

"Therefore, we are assuming that firms are also homogeneous as regards the exogenously constant ratio
of capital to full capacity output.

8Thus, the same equalization applies to the ratio of capital to labor force in productivity units, k =
K/(Na) in (5).
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desired rate of growth of the capital stock of firm 7 is described by:

9(0) = s = () + i), (12)

where ¢?(i) is the desired investment I() as a proportion of the capital stock K (i) of the ith
firm, u"(7) is its expected capital capacity utilization, and W”E(z) is its expected net profit
share. Meanwhile, a; € R, and ay € R, are parametric constants. The specification in
(12) is an expectations-augmented version of the capital accumulation function suggested
by Bhaduri and Marglin (1990), from which it is known that the resulting output growth
can vary positively or negatively with the (average) profit share depending on the relative
strength of the several effects at play. We could assume that firms (even when following the
same tax compliance strategy) have heterogeneous expectations with respect to their net
profit share and rate of capital capacity utilization in the relevant future. Yet we postulate
that, by virtue of facing an inescapably uncertain future, firms conventionally and uniformly
proxy such expected levels by the respective current average levels. In this model, an indi-
vidual firm may evade taxation in some period(s) of the relevant future and will or will not
be detected and hence penalized. Therefore, as firms do not know in advance how they will
behave in the relevant uncertain future as regards tax compliance, it is reasonable to assume
that firms proxy their expected net profit share by the current average net profit share.
Facing an uncertain future, thus, the ith firm behaves adaptatively by proxying its ex-
pected capital capacity utilization by the current average capital capacity utilization, which
is u in (9), and its expected net profit share by the current average net profit share, which

is 7" in (7). Therefore, we can rewrite (12) and aggregate over all firms to get:

g% = ayu+ ap®(\) = ayu + ax[l — 7, + (1, — e7) A7 (13)

3. Short-run equilibrium

The short run is defined as the time period in which the stock of capital, K, the labor
supply, IV, and the frequency distribution of tax compliance strategies across firm-owner

capitalists, (A, 1 — A), can all be taken as given or predetermined. The supply-demand
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equilibrium in the market for the single good can be expressed as:

X=C+I1+G, (14)

where C' stands for private consumption, I for private investment, and G for government ex-
penditures. Therefore, the flow of government expenditures is a source of aggregate demand
alongside private consumption and private investment on capital formation. As described in
the preceding section, the detection of tax evading capitalists occurs in the course of costly
tax audits periodically conducted by the government. Such an auditing activity has a fixed
cost that is a component of the flow of expenditures of the government. However, as the
government continuously runs a balanced budget, we further assume that the considered
fixed audit cost is low enough to be always covered by the actual government revenues (note
that the expected amount of such revenues is strictly positive even in the event that all capi-
talists follow the tax evading strategy, as the probability with which a tax evading capitalist
is detected and fined is, by assumption, strictly positive).

As a balanced-budget government satisfies the condition represented by T' = G, where T’
denotes the actual tax revenues (collected taxes plus fines paid by caught and penalized tax

evaders), we have:

S =1, (15)

where S = X — T — (' stands for private saving.

Normalizing (15) by the capital stock, we have:

7 =g (16)
where average private saving as a proportion of the capital stock is given by:

K

-5

= 5,T"(\) = ——— —= =5, (N, (17)

where R"(\) = A\(1 —ey)R + (1 — A\)(1 — 7,) R is the average net profit income, whereas the
average net profit share, 7", is given by (7), and the average net profit rate, 7™, is given by

(11) (recall that firm-owner capitalists homogeneously save an exogenously constant fraction,
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sp € (0,1) C R, of their net profit income, whereas workers do not save). Considering that
the government runs a balanced budget, the demand-led nature of the model implies that
private saving is determined by private investment in capital accumulation.

Given that aggregate output is determined by aggregate demand, and labor is always
in excess supply, the rate of capacity utilization adjusts to ensure that the product market
short-run equilibrium in (14) is achieved. Substituting (12) and (17) into (16), we find that
the short-run equilibrium capacity utilization at period ¢ is thus given by:

—n

w = S =, (18)
which is parameterized by the vector fi = (m,7,,€,7, Sp, 1, a2) containing exogenous and
parametric determinants of the short-run equilibrium value of the rate of capacity utilization
in (18), and where 7" is given by (7). In order to guarantee that such short-run equilibrium
rate of capacity utilization is stable, we further assume that (9g°/0u) > (9g¢/0u), which
is equivalent to a strictly positive denominator in (18). The substance of this demand-led
output-adjustment stability condition known as the Keynesian stability condition is that,
all else constant, saving should be more responsive to changes in capacity utilization than
investment. This guarantees that any excess demand or supply in the market for the single
good is eliminated rather than exacerbated by changes in capacity utilization.

As usual in demand-led models, the paradox of thrift holds: a rise in the propensity
to save of capitalists, s,, by representing an aggregate demand leakage, lowers the level of
economic activity as measured by the rate of capacity utilization in the short run. A change
in any of the parameters of the investment function, a; and as, by changing investment in
the same direction, changes capacity utilization in the same direction in the short run as well.
Meanwhile, the short-run equilibrium value of capacity utilization in (18) varies negatively
with the gross profit share, .

As the government spends all the actual public revenues on placing a demand on the
single good, a rise in the tax rate on profit income, 7,, by lowering the average net profit
share and hence raising the actual public revenues, raises the rate of capacity utilization in
the short run. In fact, as the permanent running of a balanced budget by the government is

equivalent to the government’s propensity to spend out of the actual public revenues being
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equal to one, a rise in the tax rate on profit income represents a net aggregate demand
injection in the short run. In this balanced-budget context, therefore, an increase in the
tax rate on profit income is a mechanism of “forced dissaving” or “forced spending” at the
level of the overall economy, given that the propensity to save of the government, which is
zero, is lower than the propensity to save of capitalists, which is strictly positive. Therefore,
the reason why the tax rate on wage income, 7,,, does not feature in the expression for the
short-run equilibrium capacity utilization in (18) is that, as in the case of the government,
the propensity to save of workers is equal to zero. Meanwhile, an increase in the probability
of detection of a tax evading firm, e, or in the penalty rate, v, by raising the expected
pecuniary punishment for evading taxation and hence lowering the average net profit share
and augmenting the actual public revenues, raises capacity utilization in the short run.

As regards the impact of a change in the proportion of tax evading capitalists on the

short-run equilibrium value of capacity utilization, it follows from (18) that:

Ou(A; i) _ Ou(A; i) 07" (N)

O\ onn o 7’ (19)

the sign of which depends on the sign of 07" /OX = 7, —e7y, which is ambiguous (recall that we
assumed earlier that v > 7, and € € (0,1) C R). Considering that u*/07" = P sy

0, it follows that du* /0 is also strictly negative (positive) if 7, is strictly greater (lower) than
€7, that is, if the pecuniary cost associated with complying with taxation is strictly greater
(lower) than the expected pecuniary cost of tax evasion, which is represented by the expected
pecuniary punishment for evading taxation. Per (5), all these qualitative comparative statics
results for the rate of capacity utilization in the short-run equilibrium also apply to the
employment rate.

It should be recalled, however, that the frequency distribution of tax compliance strategies
is given in the short run but varying over time according to the satisficing evolutionary
dynamic to be specified and explored in the next section, hence there may exist a polymorphic
equilibrium represented by A* € (0,1) C R that depends on parameters featuring in the
expression for the short-run equilibrium capacity utilization in (18). In a long-run equilibrium
configuration with A* € (0,1) C R, changes in a given parameter may impact on the rate of

capacity utilization also mediated by changes in the value of such a polymorphic equilibrium.
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We can compute the output growth rate in the short-run equilibrium by substituting u*

in (18) into g° in (17), with which we get:

spoa[T"(A)]?

ST (A) — g

g" = s (Au (A i) = g (A fi). (20)

Therefore, except for the components of the average net profit share, using the expression
above we get for g*(\; ff) the same qualitative comparative statics results that we got for u*:
an increase in the propensity to save of capitalists or a decrease in any of the parameters of
the investment function, oy and as, reduce the level of economic activity as measured by the
output growth rate in the short run. Meanwhile, since du*/07™ < 0, the impact of a change
in the average net profit share on the short-run equilibrium value of the output growth rate

is ambiguous:

g*(\; i)

ou* (A i) ] spae™(A)[spT"(A) — 204]
onn '

=S5, u® ()\; ,lj) + 77'”()‘> o7 o [Spﬁ'no\) - a1]2

(21)

4. Long-run equilibrium

In the transition to the long run our earlier assumptions with respect to stability ensure
that the short-run equilibrium values of the rates of capital capacity utilization, employment
and output growth are always attained. The economy then moves towards the long run driven
by changes in the stock of capital, K, the labor supply, N, and the frequency distribution
of tax compliance strategies in the population of firm-owner capitalists, (A, 1 — A). In order
to sharpen our focus on the evolutionarily coupled dynamics of the frequency distribution
of tax compliance strategies in the population of firm-owner capitalists and the level of
macroeconomic activity, we assume that the supply of labor grows endogenously at the same
rate as the capital stock.”

In addition to incorporating pecuniary factors such as the tax rate on profit income
and the expected punishment of tax evaders who are caught and fined, our novel analytical

framework based on satisficing evolutionary dynamics is also well suited to incorporate a

9In the long-run equilibrium, therefore, the constancy of the frequency distribution of tax compliance
strategies guarantees the constancy of the average net profit share and thereby of the rates of capital capacity
utilization, employment and output growth.
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non-pecuniary factor affecting tax compliance for which there is considerable empirical evi-
dence: tax morale. This analytical framework also allows treating the microdynamics of the
frequency distribution of tax compliance strategies in the population of firms and the macro-
dynamics of the level of macroeconomic activity as co-evolutionary phenomena affected by
tax morale.

In effect, the presence and importance of tax morale as another determining factor of
tax compliance behavior has been largely documented in a variety of studies (see, e.g.,
Cummings et al., 2009; Lubian and Zarri, 2011; Luttmer and Singhal, 2014; Pickhardt and
Prinz, 2014; Alm, 2019; Kemme et al., 2020). More broadly, there is considerable evidence
that the decision by an individual regarding to comply or not to comply with her legally
due tax obligations goes well beyond a simple amoral cost-benefit calculation predicated
exclusively on narrowly defined pecuniary motives and considerations. Tax morale is in some
sense a portmanteau term covering a wide array of motivations and proclivities affecting tax
compliance which are unrelated to a strict cost-benefit pecuniary reasoning and are rather
typically idiosyncratically subjective and/or socially determined.

In the satisficing evolutionary dynamics specified in what follows, tax morale broadly
denotes idiosyncratic intrinsic motivations or proclivities either to comply or not to com-
ply with legally due tax obligations. As such motivations and proclivities with respect to
tax compliance are idiosyncratic, and therefore heterogeneous across capitalists, it is plausi-
ble to assume that they are randomly and independently determined across capitalists and
over time. In principle, an individual capitalist may ambivalently hold both compliance-
leaning motivations and proclivities as well as noncompliance-leaning ones. We plausibly
and more inclusively consider that an individual capitalist may have mixed moral feelings
with respect to complying or not complying with her legally due tax obligations. Therefore,
it is on balance that she will ultimately have either a compliance-leaning tax morale or a
noncompliance-leaning one. Although an individual capitalist cannot question the lawfulness
of a tax obligation levied on her by the government except when it violates the legal tax sys-
tem, she may nevertheless consider her non-pecuniary motivations and proclivities towards
noncompliance as morally warranted. Our approach to tax compliance behavior allows treat-
ing capitalist taxpayers as heterogeneous along two dimensions regarding tax morale, which

are whether an individual taxpayer has a compliance-leaning tax morale or a noncompliance-
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leaning one on balance, and how much compliance-leaning or noncompliance-leaning such net
tax morale of an individual capitalist taxpayer is. There may exist firm-owner capitalists for
whom the compliance-leaning motivations and proclivities and the noncompliance-leaning
ones offset each other, so that they have what we dub a compliance neutral tax morale. For
these capitalists, as a result, what matters for the decision whether or not to comply is solely
the expected net pecuniary benefit associated with the tax evading strategy.

In fact, our approach interestingly allows differentiating a deepening (intensive margin)
from a widening (extensive margin) of either type of overall tax morale (compliance-leaning
or noncompliance-leaning) across capitalists. Suppose that the overall tax morale across cap-
italists is compliance-leaning. Given the proportion of each type of tax morale (compliance-
leaning or noncompliance-leaning) in the population of capitalist taxpayers, an increase
in the average degree of compliance-leaningness in this population thus raises the overall
compliance-leaning tax morale along the intensive margin. Now consider that the overall
tax morale in the same population is noncompliance-leaning. Given the net tax morale of
each capitalist taxpayer, a rise in the frequency of capitalist taxpayers for whom the net tax
morale is noncompliance-leaning raises the overall noncompliance-leaning tax morale along
the extensive margin.

Thus, a key implication of the satisficing evolutionary approach to tax compliance spec-
ified shortly is that two capitalist taxpayers facing the same pecuniary benefits and costs
associated with each tax compliance strategy may well choose to adopt different strategies.
A capitalist whose net tax morale leans towards compliance may behave in a noncompliant
manner if the expected net pecuniary benefit associated with the tax evading strategy is
strictly positive and sufficiently high. Conversely, a capitalist whose net tax morale leans
towards noncompliance (due, for example, to her conceiving of the tax system as unfair) may
behave compliantly if the expected net pecuniary benefit associated with the tax evading
strategy is strictly negative and high enough in absolute value.

Let us now describe the evolutionary dynamics that yields the law of motion of the
frequency distribution of tax compliance strategies across firm-owner capitalists. Drawing

on Vega-Redondo (1996, p. 91), we suppose that satisficing choice behavior in the spirit of
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Simon (1955, 1956) is a trigger that transforms a given firm into a potential strategy reviser.’

In a given point in time, a capitalist ¢ takes the expected net pecuniary benefit associated

with the tax evading strategy, as measured by the net profit rate differential represented

n

7. which can be strictly positive, strictly negative or equal to zero, and compares

by rl —r
it to the satisficing minimum value p; € R above which she would consider as tempting
on pecuniary grounds the possibility of not complying with the due tax obligations on her
gross profit income. If the expected net pecuniary benefit associated with the tax evading
strategy is smaller than or equal to the considered satisficing minimum value, capitalist @
disconsiders the possibility of not complying with her tax obligations. Otherwise, capitalist
i becomes a potential tax evader. Such temptation-triggering satisficing minimum value of
the expected net pecuniary benefit associated with the tax evading strategy reflects the tax
morale of the capitalist who holds it. Such tax morale depends, inter alia, on idiosyncratic
characteristics of the considered capitalist. We assume that these satisficing minimum values
are randomly and independently determined across capitalists and over time. We further
assume that these satisficing minimum values are randomly distributed across the population
of capitalists according to a cumulative distribution function F' : R — [0,1] C R which is
continuously differentiable and strictly increasing.

Consequently, the probability of randomly finding a capitalist ¢ that considers the ex-
pected net pecuniary benefit associated with the tax evading strategy as temptation-triggering
is given by Pr(r? —r? > p;) = F(r? —rl). As a result, the mass of tax complying cap-
italists who become strategy reviser (in this case, potential tax evaders) is then given by
(1 = XN)F(r? —r?). Let us assume that each reviser actually switches to the other tax com-
pliance strategy with probability given by the fraction of capitalists who have previously

adopted the alternative strategy. This is an imitation effect, which can be associated with

the idea of conventional behavior in the present context of decision making under uncertainty.

0For Simon, reality is complicated relative to the information collecting and processing and decision-
making capacities of the individual. Deprived of the ability to optimize based on perfect knowledge, individ-
uals must instead “muddle through” employing boundedly rational heuristics, rules-of-thumb, conventions,
routines and other satisficing criteria and procedures as the bases for their decision making. Thus, choice
is a process of meeting an acceptability or suitability threshold instead of choosing the best of all existing
alternatives. See Caplin et al. (2011) and Hey et al. (2017) for experimental evidence on satisficing choice
behavior as defined by Simon (1955), and Artinger et al. (2022) for a recent survey of advances in satisficing
behavior in economics, psychology, and management following the pioneering contributions in Simon (1955).
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Under this premise, the inflow to the population of tax evaders is given by:

(1= N)F" —r™)A. (22)

(& c

Analogously, the probability of randomly finding a capitalist ¢ for whom the expected net
pecuniary benefit associated with the tax evading strategy does not trigger the temptation
to evade taxation on her profit income is represented by 1 — F'(r* — ). Therefore, the mass
of tax evaders who become strategy reviser (in this case, potential tax compliant capitalists)
is then given by A[1 — F(r? — r?)]. Considering again the imitation effect described above,
now according to which potentially tax complying capitalists actually switch to the tax
compliance strategy with probability given by the fraction of capitalists who have previously

adopted the compliant strategy, the outflow from the population of tax evaders is given by:
AML=F@F —r)](1 = N). (23)

Combining the migration flows specified in (22) and (23), we get the following imitation-

augmented satisficing evolutionary dynamic:

A=1=NFF" —=rMX=A1—F@" —rM)](1 =), (24)

the space state of which is the unit interval [0, 1] C R. This dynamic can be simplified using
the expressions for the profit rates corresponding to the each tax compliance strategy in (10)
as follows:

A=A1-)\) [2F ((1, — ey)mu (A ) — 1]. (24a)

Two properties of the imitation-augmented satisficing evolutionary dynamic in (24a)
are worth highlighting. The first concerns the monotonicity of the rate of change of the
proportion of tax evaders, A, with respect to the expected net pecuniary benefit per unit of
gross profit rate associated with the tax evading strategy, 7, —e7, when there is heterogeneity
in tax compliance strategy, i.e., A € (0,1) C R. Intuitively, any increase in such expected
net pecuniary benefit provokes an increase in the rate of change of the proportion of tax

evaders for any level of coexistence of the two available tax compliance strategies, given that
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ONJO(1, — e7) = 2M(1 — NF' (1, — ey)mu(A; @) ) mu*(X; @) > 0 for all A € (0,1) C R.

The second property of the imitation-augmented satisficing evolutionary dynamic in (24a)
that is worth stressing regards the tax morale of the population of firm-owner capitalists,
as measured by the median of the distribution F'. Let m be the median of the distribution
F| so that, by definition, F'(m) = 1/2. When m < 0, more than half of the population
of firm-owner capitalists would consider evading taxation (that is, would become potential
tax evaders) even if the expected net pecuniary benefit of the tax evading strategy, given
by the net profit rate differential, rl — 7 = (7, — ey)mu*, were strictly negative, provided
it were not too negative, that is, m < (7, — ey)mu* < 0. Therefore, an economy whose tax
morale in the population of firm-owner capitalists is described by a unimodal distribution
F with m < 0 is an economy in which the capitalist class has a noncompliance-leaning tax
morale. This means that there is a predominance of capitalists who become potential tax
evaders not only when the expected net pecuniary benefit represented by 7, — ey (which
can be alternatively expressed per unit of either gross profit or gross profit share or gross
profit rate) is strictly positive, but also when such expected benefit is moderately negative.
Meanwhile, when m > 0, more than half of the population of firm-owner capitalists would
not consider evading taxation (that is, would not become potential tax evaders) even if

the expected net pecuniary benefit of the tax evading strategy, given by the net profit rate

n __

differential v} — 7

(1, — ey)mu*, were strictly positive, provided it were not too positive,
that is, 0 < (7, — ey)mu* < m. Thus, an economy whose tax morale in the population
of firm-owner capitalists is characterized by a unimodal distribution F' with m > 0 is an
economy in which the capitalist class has a compliance-leaning tax morale. This means that
there is a predominance of capitalists who do not become potential tax evaders not only
when the expected net pecuniary benefit represented by 7, — e is strictly negative, but also
when such expected benefit is moderately positive.

The imitation-augmented satisficing evolutionary dynamic in (24a) has two monomorphic
equilibria featuring survival of a single tax compliance strategy in each, and, under certain
plausible conditions, one polymorphic equilibrium featuring the two tax compliance strategies

as survivors. These results regarding the existence of evolutionary equilibria can be formally

established as follows.
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Proposition 1 (Existence of evolutionary equilibria). For a given vector of parame-
ters i = (7, Tp, €,7, Sp, 1, (i), the imitation-augmented satisficing evolutionary dynamics in
(24a) has:

(i) Two monomorphic equilibria, given by A =0 and X\ = 1;

(ii) A unique polymorphic equilibrium \* = == € (0,1) C R, where 7" =

T —gn

arm
spm—aa(Tp—ey)w’

if m — 7wl = (1, —ey)m # 0 and, additio%aliy, the following condition holds:

min{7?, 7'} < 7" < max{r, 7"}, (25)

which can be written in terms of the median of the distribution of tax morale in the
population of firm-owner capitalists as:

SpT—a1 SpTy —a1

{ Qmd (M =1g) = . < m < M, = 22memET) for nl — 7l = (1, —ey)m <0, (26)

0<me<m<me, fornl—mnl=(r—ey)m>0;and

(i1i) A continuum of polymorphic equilibria, given by the set (0,1) C R, if 7l — 7l =
(1, —ey)m =0 and m = 0.

Proof: See Appendix A. O

Based on the properties of the average net profit share function in (7), we have three
possible situations in which a polymorphic equilibrium given by A* € (0,1) C R can arise, as
established formally in (25)-(26) and illustratively depicted in Figure 1 below. The first sit-
uation arises when the population of firm-owner capitalists has a noncompliance-leaning tax
morale (m < 0) and the expected net pecuniary benefit per unit of gross profit share associ-
ated with tax evasion is moderately negative. In this situation, firm-owner capitalists whose
subjective motivations and proclivities are noncompliance-leaning on balance, and actually
strong enough to more than offset the expected net pecuniary loss associated with adopting
the tax evading strategy, will ultimately follow such a tax compliance strategy. The second
situation occurs when the population of firm-owner capitalists has a compliance-leaning tax
morale (m > 0) and the expected net pecuniary benefit per unit of gross profit share associ-
ated with tax evasion is moderately positive. In this situation, firm-owner capitalists whose
subjective motivations and proclivities are either noncompliance-leaning on balance or even
compliance-leaning on balance, but in the latter case not strong enough to more than offset
the expected net pecuniary gain of adopting the tax evading strategy, will ultimately follow

such a tax compliance strategy. Finally, there is a continuum of polymorphic equilibria given
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by the set (0,1) C R when the population of firm-owner capitalists has a compliance neutral
tax morale (m = 0) and the expected net pecuniary benefit per unit of gross profit share

accruing to tax evasion is null.
Figure 1 here.

A natural question that arises regards whether the dynamic described in (24a) can take
the economy to the long-run equilibrium configuration featuring the coexistence of both tax
compliance strategies, that is, whether heterogeneity in tax compliance (and hence partial
tax evasion) emerges as a persistent outcome.

In order to illustrate the convergence to the polymorphic long-run equilibrium, consider
the situation with the population of firm-owner capitalists having a compliance-leaning tax
morale (m > 0) and the expected net pecuniary benefit represented by 7, — v being moder-
ately positive. Assume that only firm-owner capitalists whose tax morale is noncompliance-
leaning on balance adopt the tax evading strategy, that is, A € (0, \*). Considering that F' is
continuously differentiable and strictly increasing, there is at least one firm-owner capitalist
whose tax morale is compliance-leaning on balance, but for whom the current expected net
pecuniary benefit accruing to the tax evading strategy is above her minimum satisficing value.
Such firm-owner capitalist thus becomes a potential tax evader who will adopt the tax evad-
ing strategy with probability equal to the current strictly positive frequency of tax evaders.
Assume now that not only firm-owner capitalists whose tax morale is noncompliance-leaning
on balance, but also those whose tax morale is strongly compliance-leaning on balance adopt
the tax evading strategy, that is, A € (A*,1). There is then at least one firm-owner capitalist
whose tax morale is compliance-leaning on balance and strong enough to more than offset
the expected net pecuniary gain of adopting such strategy. Such firm-owner capitalist thus
becomes a potential tax compliant who will adopt the tax complying strategy with probabil-
ity equal to the current strictly positive (albeit low) frequency of tax compliant firm-owner
capitalists. It follows that the imitation-augmented satisficing protocol in (24a) ensures that
the polymorphic long-run equilibrium given by A\* € (0,1) C R is asymptotically stable. It
should be noted that in a polymorphic evolutionary equilibrium there might be firm-owner
capitalists who switch strategies, although the outflow from the subpopulation of tax evaders

and that from the subpopulation of tax compliant capitalists offset each other. Therefore,
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the absence of macrodynamics might mask a ceaseless microdynamics of tax compliance
strategy switching.
The stability properties of the evolutionary equilibria formally identified in Proposition

1 are established in the following proposition.

Proposition 2 (Stability properties of evolutionary equilibria). For a given vector
of parameters fi = (7, Ty, €,7, Sp, 1, Qa), the equilibria of the imitation-augmented satisficing
evolutionary dynamic in (24a) exhibits the following dynamic properties:

(i) Case 7l — 7l = (1, — ey)w < 0: in this case m. < m, < 0.
(a) Subcase m < me: there are only monomorphic equilibria, with A = 0 (A = 1)
being unstable (asymptotically stable) for any initial A € (0,1) C R.

(b) Subcase m., < m < me: the two monomorphic equilibria are unstable and the
polymorphic equilibrium is asymptotically stable for any initial X € (0,1) C R.

(c) Subcase m > me: there are only monomorphic equilibria, with A = 0 (A = 1)
being asymptotically stable (unstable) for any initial X\ € (0,1) C R.
(i) Case wl —wl = (1, — ey)m > 0: in this case 0 < m, < m,.
(a) Subcase m < me: there are only monomorphic equilibria, with A = 0 (A = 1)
being unstable (asymptotically stable) for any initial A € (0,1) C R.

(b) Subcase m. < m < m.: the two monomorphic equilibria are unstable and the
polymorphic equilibrium is asymptotically stable for any initial X € (0,1) C R.

(c) Subcase m > m.: there are only monomorphic equilibria, with A = 0 (A = 1)
being asymptotically stable (unstable) for any initial X\ € (0,1) C R.
(i1i) Case wl — i = (1, — ey)m = 0: in this case m, = m, = 0.
(a) Subcase m < 0: there are only monomorphic equilibria, with A =0 (A = 1) being
unstable (asymptotically stable) for any initial A € (0,1) C R.
(b) Subcase m = 0: any A € [0,1] C R is a neutrally (Lyapunov) stable equilibrium.

(¢) Subcase m > 0: there are only monomorphic equilibria, with A =0 (A = 1) being
asymptotically stable (unstable) for any initial X € (0,1) C R.

Proof: See Appendix B. O

Proposition 2 above clarifies the behavior of tax evasion in the economy when the poly-
morphic long-run equilibrium does not exist. When the median tax morale in the population

of firm-owner capitalists is strong enough such that the monomorphic equilibrium A = 0 is
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asymptotically stable, there may well exist firm-owner capitalists who are potential tax
evaders, but the absence of actual tax evaders does not allow a behavior imitation process
to happen: the satisficing trigger is left longing for the imitation gunshot. Conversely, when
the median tax morale in the population of firm-owner capitalists is low enough such that
the monomorphic equilibrium A = 1 is asymptotically stable, there might exist firm-owner
capitalists who are tempted to adopt the tax complying strategy yet the pervasiveness of tax
evasion does not allow them to find a compliant role model. Figure 2 illustrates the long-run

behavior of tax evasion according to the cases described in Proposition 2.
Figure 2 around here.

We can then derive several comparative statics results for the polymorphic equilibrium
that are in accordance with the empirical evidence. Applying the implicit function theorem
to the long-run equilibrium condition in (A.2), we obtain the following comparative statics

results regarding the parameters of the tax system:

oxe T [ — (1= X7, — en)n 250 ]

= — ; and (27)
oy (7, — o)) 50
oxe W) + X (5, — en)r 2] o)
dev) (7 — E’}/)W]Q% '

The common denominator in (27) and (28) is strictly negative. Therefore, we have:

ON* u*(\*; i)
s\ ou* (N[

(1= X2t

ON* - uw* (N5 i)

M\ Ou* (\;f)
onmn

eR_ and 7, —ey #0; and (29)

e R, and 7, — ey # 0. (30)

Per (29), therefore, an increase in the tax rate on profit income, by increasing the expected
net pecuniary benefit of the tax evading strategy, which is given by 7, —e7, results in a higher
proportion of tax evading capitalists only if such benefit is strictly positive or moderately
strictly negative. Meanwhile, per (30), an increase in the expected punishment, by decreasing
the expected net pecuniary benefit of the tax evading strategy, results in a lower proportion of

tax evading capitalists only if such benefit is strictly negative or moderately strictly positive.
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As expected, a higher median tax morale reduces the proportion of tax evading capitalists

in the long run, since from (18) we have:

ON* 1
= — < 0. (31)
om  [(z, - EV)W]QM

onn

The comparative statics results presented above are supported by numerical simulations
with empirically plausible parameters, as shown in Figures 3, 4 and 5 below. We proxy the
tax rate on profit income with the average income tax rate in the US in 2022, 7, = 0.25, and
the penalty rate for tax evasion with the statutory penalty for substantial understatement
of income tax according to the US Internal Revenue Service (IRS), v = 0.2. We consider
that the probability of detection is ¢ = 0.05. Therefore, we explore a plausible situation
in which the net pecuniary benefit per unit of profit share associated with the tax evading
strategy is moderately strictly positive, (7, —ey)m > 0. Capitalists’ propensity to save is
assumed to be s, = 0.25 and the gross profit share in income, 7 = 0.36. The parameters of
the investment function, a; and «y, are set in order to match the monomorphic equilibrium
A = 0 with the economy operating at a rate of capacity utilization equal to u* = 0.83,
namely a; = 0.056 and ay = 0.036. Finally, calibrating the median tax morale parameter is
actually a difficult task, given the scarcity of available estimates and the potentially diverse
units of measurement. We cautiously set it to m = 0.06, a value close to its upper bound in

condition (26).
Figures 3, 4 and 5 around here.

Under the calibration detailed above, the equilibrium frequency of tax evaders in the
population of firm-owner capitalists is 12.8%, which is not too far from the estimated net
tax evasion of 9.5% of corporate income tax and a close match to the estimated net tax
evasion of 12.9% of total true tax liabilities in the US for the period 2014-2016, as observed
in Table 1. The following results are also in accordance with the empirical evidence, at least
qualitatively. Accounting for persistent heterogeneity in tax compliance strategies reduces
capital capacity utilization to 70% and the output growth rate to 4.9%. As expected, Figure
3 depicts a positive relation between the tax rate on profit income and the frequency of

tax evaders. Given that not all tax evaders are detected and fined, an increase in the tax
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rate on profit income increases the average net profit share, but decreases capital capacity
utilization, as discussed in Section 3, and also the output growth rate. Meanwhile, Figures 4
and 5 describe a negative relation between the frequency of tax evaders and the probability
of detection of a tax evading capitalist and the penalty rate, respectively. Owing to the
combined effect of the lower frequency of tax evaders and the higher proportion of tax
evaders who are detected and fined, an increase in the probability of detection lowers the
average net profit share and raises the capital capacity utilization and the output growth rate.
The response of such variables to an increase in the penalty rate is qualitatively similar: an
increase in the penalty rate, due to the combined effect of the lower frequency of tax evaders
and the higher amount of fines paid by those who are detected, lowers the average net profit

share and raises the capital capacity utilization and the output growth rate.

5. Concluding remarks

This paper contributes to the literature on tax compliance and endogenous macroeco-
nomic dynamics by developing a demand-led model featuring a balanced-budget government.
Through taxation on wage and profit income the government is a further claimant on gross
income, while through expenditures it contributes to aggregate demand formation. Workers
cannot evade taxation owing to the existence of employer source-withholding of taxes on
wage income. Firm-owner capitalists comply in remitting withheld taxes on wage income to
the government on the workers’ behalf, but they can try to avoid complying with their own
legally due tax obligations.

Thus, tax evasion can be properly seen as a weapon to which an individual firm-owner
capitalist may be willing to resort to in the inherent distributional conflict over income in a
market economy. However, there is no assurance that she will be successful in an attempt
to increase her net profit income by evading taxation, as she may get detected and hence
inescapably fined. As both the pre- and the after-tax wage share in income are exogenously
given constants, the model ultimately features a distributional conflict between capitalists
and the government over the gross profit share in income.

The frequency distribution of tax evaders in the population of firm-owner capitalists is
endogenously time-varying driven by imitation-augmented satisficing evolutionary dynam-

ics. These tax compliance dynamics are driven by pecuniary factors (the tax rate and the
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expected punishment of tax evaders who are detected and fined, given by the probability of
detection multiplied by the penalty rate) and an empirically evidenced non-pecuniary factor
dubbed tax morale. As a result, the microdiversity of tax compliance behavior across firm-
owner capitalists and the macrodynamics of economic activity are co-evolutionarily coupled.

In keeping with the empirical evidence, there is a long-run configuration featuring het-
erogeneity in tax compliance behavior as stable equilibrium, yet the higher the median tax
morale of firm-owner capitalists, the lower the frequency of tax evaders across them. In such
a polymorphic long-run equilibrium, a (marginal) rise in the tax rate on profit income, by
raising the expected net pecuniary benefit of the tax evading strategy, results in a higher
(lower) proportion of tax evading capitalists if that benefit is (is not) strictly positive or
even moderately strictly negative. Meanwhile, a (marginal) rise in the expected punishment
applied on tax evaders, by reducing the expected net pecuniary benefit of the tax evading
strategy, results in a lower (higher) proportion of tax evading firm-owner capitalists if that
benefit is (is not) strictly negative or even moderately strictly positive. Definite results for all
such comparative statics which are in accordance with the empirical evidence are obtained

through numerical simulations.
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Appendix A. Existence of evolutionary equilibria

Considering the satisficing evolutionary dynamic in (24a), it is straightforward to see
that at A = 0 and at A = 1 we have \ = 0, as the cumulative distribution function F': R —
[0,1] C R is bounded.

Meanwhile, a polymorphic equilibrium for (24a) exists if there is \* € (0,1) C R such
that A*(1—\*) [2F ((1, —ey)mu*(A\*; f)) — 1] = 0. Since A*(1—A*) > 0, the previous equality
holds if, and only if, 2F ((7, — ey)mu*(A*; @) — 1 =0, or, equivalently:

* * — 1
F((rp — ey)mu* (N ) = 7 (A1)
Given the median of the distribution of tax morale in the population of firm-owner capitalists,

m, the polymorphic equilibrium condition in (A.1) implies the following equality:
(mg = me)u (A5 i) = (1 — ey)mu™ (AT i) = m. (A.2)

Given that mu*(A*; i) > 0, it follows from (A.2) that a polymorphic equilibrium exists
only if the expected net pecuniary benefit of the tax evading strategy is exactly offset by
a compliance-leaning tax morale of the population of firm-owner capitalists economy, as
characterized by the median tax morale m. In other words, a necessary condition for the
existence of a polymorphic equilibrium A* € (0,1) C R is that 7, —ey < 0 (1, — ey > 0) if,
and only if, m < 0 (m > 0). Meanwhile, it is then required that 7, = v in the case that
m = 0 for the condition in (A.2) to be satisfied. To put it synthetically:

sgn(t, —ev) = sgn(m), (A.3)

where sgn(-) denotes the sign function.

By substituting the short-run equilibrium value of capacity utilization in (18) into the
long-run equilibrium condition in (A.2), we can solve for the long-run equilibrium average
net profit share across firm-owner capitalists:

* a1m atm

T = = , (A.4)

Spm — qo(mh — ) sym — (T, —ey)T

31



where 7' = (1 — ey)m and 7 = (1 — 7,)m by (6), so that 7' — 7} = (1, — e)7.
Suppose that 7' — 7! # 0. Considering the expression above and the average net profit

share in (7), the long-run equilibrium condition in (A.2) holds if, and only if, 7"(\*) = 7"

or, equivalently:

R (T — AN = (A.5)
from which it follows that:
=" T for g — g £ 0, (A.6)
= nl

Considering Figure 1 and the condition in (A.2), it is straightforward to see that the
existence and uniqueness of a polymorphic long-run equilibrium A* € (0,1) C R is guaranteed
by the conditions in (25) of Proposition 1. These conditions, using the expression in (A.4),
can be written in terms of the median of the distribution of tax morale in the population of
firm-owner capitalists as in (26) in the same proposition.

In the particular case in which 77 — 7" = 0, the satisficing evolutionary dynamic in (24a)
becomes A = A(1 — \) [2F(0) — 1]. In this case, if m = 0, which is consistent with (A.3), we
have A = 0 for all \ € (0,1) C R. In other words, when the median tax morale across firm-
owner capitalists is compliance-neutral (m = 0), as discussed in Section 4, and 77} — 77 = 0,

there will be a continuum of polymorphic equilibria, given by the set (0,1) C R.

Appendix B. Stability properties of the evolutionary equilibria

First, from the imitation-augmented satisficing evolutionary dynamics in (24a) we have

that:
sgn(\) = sgn <2F((Tp —ey)mut (N fI)) — 1), forall A € (0,1) CR; and (B.1)
O 2P (7, eyt ) — 1| = 28((5, - ey ) 7y — en)r D ()

From the expression for the short-run equilibrium value of the rate of capacity utilization

in (18) and the Keynesian stability condition, it follows that 8“;7(:,‘1”1 ) = o) < 0
87" (\)

for all A € [0,1] € R. From (7), meanwhile, we have that = (1, — ey)m, so that

o
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our (i) _ dur (i) 9F™(N) _ [ dut (i)
O\ - omn oN onn

) (1, —e7v)m. Inserting the latter derivative into (B.2), we

can infer that:

%(H«”_””“WWV4):%Wm—m%mmmﬂm—mwf@%ya<&

(B.2a)
for all A € [0,1] C R and 7, — ey # 0.
Moreover, considering (6), (7) and (18), it is important to note that:
me = aﬂ?(:g — ) = (m) —7m)u"(0; ii); and (B.3)
SpTh —
me = QT (o (1), (B.4)

SpTy — Qv
Given those previous results, let us analyze each possible case and corresponding subcases.
(i) Case n} — 7l = (1, — ey)m < 0: in this situation, m, < m. < 0.

(a) Subcase m < m. as m < m. < m, and using (B.4), it follows that (77 —
7w (1; @) > m, which implies that F(( — 72)u*(1; @) > F(m) = 1, so that
2F (72 — 7)u*(1; 7)) — 1 > 0. Based on this last inequality and the derivative
in (B.2a), we can infer that 2F ((7? — 7")u*(\;fi)) —1 >0 for all A € (0,1) C R
and, by (B.1), A>0forall \e (0,1) € R. As a result, the equilibrium A = 0

(A = 1) is unstable (asymptotically stable) for any initial A € (0,1) C R.

(b) Subcase m. < m < m,: we know that in the unique polymorphic equilibrium we
have 2F ((1, — ey)mu*(A*; fi)) — 1 = 0. Thus, considering (B.1) and (B.2a), we
can conclude that 2F ((7, — ey)mu*(A; /i) — 1 > 0 for any A € [0,A*) C R and
2F((7, — ey)mu*(\; fi)) — 1 < 0 for any A € (A\*,1] C R. Therefore, A > 0 for
any A € (0,\*) € Rand A < 0 for any A € (\*,1) C R. As a result, the two
monomorphic equilibria are unstable, while the polymorphic one is asymptotically

stable.

(c) Subcase m > m.: as m, < m. < m and using (B.3), it follows that (7 —
7 u*(0; i) < m. From this we know that F((72 — 7)u*(0; 7)) < F(m) = 3, so
that 2F (72 —a)u*(0; i) —1 < 0. Based on this last inequality and the derivative
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in (B.2a), we can infer that 2F ((7? — 7")u*(\; fi)) —1 < 0 for all A € (0,1) C R
and, by (B.1), A< Oforal \e (0,1) € R. As a result, the equilibrium A = 0
(A = 1) is asymptotically stable (unstable) for any initial A € (0,1) C R.

(ii) Case ' — 7 = (1, — ey)m > 0: in this situation 0 < m, < m,.

(a) Subcase m < m,: given (B.4), the assumption m < m, implies that (77 —

7)u*(1; @) > m, from which we know that F((x? — a™)u*(1; f)) > F(m) = 1, so
that 2F (7 —a)u*(1; fi)) —1 > 0. Based on this last inequality and the derivative
in (B.2a), we can infer that 2F ((7? — 72)u*(\;fi)) —1 >0 for all A € (0,1) C R
and, by (B.1), A>0forall \e (0,1) € R. As a result, the equilibrium A = 0

(A =1) is unstable (asymptotically stable) for any initial A € (0,1) C R.
(b) Subcase m, < m < m,: same demonstration as in the case (i.b).

(¢) Subcase m > m.: given (B.3), the assumption m > m, implies that (77 —
7)u*(0; @) < m, from which we know that F (77 — a%)u*(0; fi)) < F(m) =1, so
that 2F (7 —a)u*(0; fi)) —1 < 0. Based on this last inequality and the derivative
in (B.2a), we can infer that 2F ((7? — 7")u*(\; fi)) —1 < 0 for all A € (0,1) C R
and, by (B.1), A< Oforall \e (0,1) € R. As a result, the equilibrium A = 0

(A = 1) is asymptotically stable (unstable) for any initial A € (0,1) C R.

(iii) Case 7 — @l = (7, — ey)m = 0: note that in this situation the satisficing evolutionary

dynamic in (24a) reduces to A = A(1 — \) [2F(0) — 1].

(a) Subcase m < 0: under such additional condition, we have A = A(1 — \) [2F(0) —
1] > 0forall A € (0,1) C R, as F(0) > F(m) = 4. Thus the equilibrium A = 0
(A =1) is unstable (asymptotically stable) for any initial A € (0,1) C R.

(b) Subcase m = 0: in this particular situation, we know that F'(0) = F(m) =
that A = A\(1—\)[2F(0) —1] = 0 for all A € [0,1] C R. Hence, any A € [0,1] C R
is a neutrally (Lyapunov) stable equilibrium.

(¢) Subcase m > 0: under this condition, it follows that A = A(1— \) [2F(0)—1] <0
for all A € (0,1) C R, since F(0) < F(m) = 1. Therefore, the equilibrium A = 0
(A =1) is asymptotically stable (unstable) for any initial A € (0,1) C R.
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Total true tax | Tax paid voluntarily Gross tax gap
liabilities and timely
Overall tax gap 3,307 2,811 (85%) 496
Individual income tax | 1,740 1,383  (79.5%) 357
Corporate income tax | 354 313 (88.4%) 41
Employment tax 1,131 1,038 (91.8%) 93
Estate tax 22 17 (77.3%) 5
Enforced and | Net compliance Net tax | Estimated tax
late payment | rate (%) gap evasion (%)
Overall tax gap 68 87.1 428 12.9
Individual income tax | 51 82.4 306 17.6
Corporate income tax | 8 90.5 34 9.5
Employment tax 6 92.3 87 7.7
Estate tax 3 90.9 2 9.1

Table 1: US net and gross tax gap for 2014-2016, in USD Billions. Source: Internal Revenue Service (IRS)
(2022).
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Figure 1: Left: Noncompliance-leaning tax morale (m < 0) and 72 —7* = (1,—e7v)7 < 0. Right: Compliance-
leaning tax morale (m > 0) and 7! — 7l = (1, — ey)m > 0.
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Figure 2: Long-run behavior of tax evasion.
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Figure 3: Effects of a change in the tax rate on profit income on the long-run equilibrium values of relevant
endogenous variables. Top left: frequency of tax evaders in the population of firm-owner capitalists. Top
right: average net profit share. Bottom left: capital capacity utilization. Bottom right: output growth rate.
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Figure 4: Effects of a change in the probability of detection on the long-run equilibrium values of relevant
endogenous variables. Top left: frequency of tax evaders in the population of firm-owner capitalists. Top
right: average net profit share. Bottom left: capital capacity utilization. Bottom right: output growth rate.
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Figure 5: Effects of a change in the penalty rate on the long-run equilibrium values of relevant endogenous
variables. Top left: frequency of tax evaders in the population of firm-owner capitalists. Top right: average
net profit share. Bottom left: capital capacity utilization. Bottom right: output growth rate.
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