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Abstract

We analyze the effects of inflation both on tax compliance and on the amount of govern-
ment revenues in the framework of a monetary economy where households face a cash-
in-advance constraint on consumption purchases. Since households are exposed to random
audits from the tax enforcement agency, the stationary equilibrium exhibits a non-degenerate
distribution of consumption. Our main results include a non-monotonic characterization of
the relationship between the rate of monetary expansion and government revenue. This is
in contrast to the standard cash-in-advance model with no evasion, where that relationship
is monotonic. In our model, as government creates inflation, the penalty imposed on evaded
taxes becomes smaller in real terms. This stimulates tax evasion and, hence, aggregate revenue
turns out to be decreasing in the rate of monetary expansion when inflation is sufficiently high.
Even if inflation raises the variance of the distribution of consumption, we show that high
inflation rates end up being welfare enhancing.
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1. Introduction

All the tax codes around the world contain a series of provisions concerning tax
enforcement. Without these provisions no rational, selfish taxpayer would voluntar-
ily report his true taxable income. Tax authorities conduct random inspections of the
reports submitted by taxpayers and, if a taxpayer is caught evading, he has to pay a
fine proportional to the amount of evaded taxes. Usually, the tax inspection occurs
some months or years after taxpayers have submitted their income reports. In this
scenario, inflation modifies the real payoffs of the risky investment implicit in tax
evading activities. In particular, the nominal fine paid by caught tax evaders could
be substantially reduced in real terms when the economy is experiencing a hyperin-
flationary process. Inflation could then result in both less voluntarily paid real taxes
and less real revenue accruing from the fines imposed on audited taxpayers. This neg-
ative effect of inflation on the real fiscal revenue is dubbed the Tanzi—Olivera effect
(see Tanzi, 1977; Olivera, 1967). Fishlow and Friedman (1994) pointed out that one
of the consequences of the Tanzi—Olivera effect is that governments facing a large
amount of evasion due to inflation will increase the rate of monetary growth in order
to get additional inflationary financing. Therefore, the Tanzi-Olivera effect adds
extra difficulties to the stabilization efforts of countries experiencing inflation. The
empirical estimation conducted by Fishlow and Friedman for the cases of Argentina,
Brazil and Chile seems to confirm the relevance of the aforementioned effect.

The aim of this paper is to analyze the effects of inflation on tax compliance and
on the revenue raised by the government. The novelty of our approach is that we
undertake the analysis within a dynamic general equilibrium framework where infla-
tion and tax evasion are phenomena arising as by-products of monetary policy. In
order to make explicit the relationship between the rate of monetary expansion
and inflation, we introduce a cash-in-advance (or liquidity) constraint on the pur-
chases of consumption goods. Therefore, money will have positive value in equilib-
rium. Moreover, since the government has the monopoly of issuing money, there will
be room for seignorage.

One feature of the standard monetary model with liquidity constraints when tax
evasion is absent is that government can always raise its revenue by increasing the
rate of monetary growth. In fact, the resources absorbed by the government can be-
come arbitrarily close to the total resources of the economy by selecting a sufficiently
high rate of monetary growth. In this paper we will show that this monotonic rela-
tionship does not longer hold when tax evasion is present. Following the aforemen-
tioned contributions of Tanzi and Olivera, we show that, due to both the delay in tax
auditing and the lack of indexation of fines, taxpayers will decrease the amount of
reported income and, thus, the real fiscal revenue from taxes and fines could also de-
crease with inflation. Moreover, we will show that the plot of the total revenue raised
by the government, accruing from both tax collection and seignorage, against the
inflation rate exhibits and inverted U-shape. This means in particular that a given
level of feasible government revenue (or government spending under balanced bud-
get), can be financed by two different rates of monetary growth. At the low-inflation
equilibrium government spending is locally increasing in the rate of monetary
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growth and the converse occurs at the high-inflation equilibrium. This non-mono-
tonic association between government spending and inflation implies in turn that
the decrease in regular tax collection due to inflation could not be outweighed by
the additional revenue accruing from seignorage.

Other authors provide different explanations for the aforementioned positive rela-
tionship between tax evasion and inflation. For instance, Fishburn (1981) and Crane
and Nourzad (1985, 1986) basically argue that inflation reduces the real value of tax-
payers’ future disposable income. Therefore, taxpayers find optimal to increase their
levels of tax evasion in order to restore their future purchasing power. The paper of
Fishburn shows in a static framework that the amount of evaded income increases
with the future price level whenever individual utilities display an increasing index
of relative risk aversion. The papers of Crane and Nourzad confirm empirically
the previous positive effect of inflation on the amount of unreported income.

Finally, another group of authors consider the opposite causality from evasion to
inflation. For instance, Nicolini (1998) and Al-Marhubi (2000) take as given the
existence of some amount of underground markets. Since cash is used in these mar-
kets, the government finds optimal to create inflation in order to tax the transactions
in these illegal markets and obtain thus the corresponding seignorage. Here, the
existence of corruption and/or tax evading activities results in more inflation.

Concerning the relationship between monetary growth and government revenue,
we should mention the paper of Palivos and Yip (1995), where in the context of an
endogenous growth model with liquidity constraints, distortionary income taxation
is compared with inflationary financing in terms of growth and welfare for a given
level of useless government spending. In our paper we take instead as given the
tax rate and then we allow for untruthful income reports. Thus, we just look at
the effect of the rate of monetary growth on the government revenue through the in-
duced change in the reporting strategies of taxpayers.

Our model shares several features with other monetary models exhibiting cash-in-
advance constraints. Households will accumulate monetary holdings before knowing
the state of the nature and, thus, before knowing their future consumption. There-
fore, the demand for money will arise because of transactions, precautionary, and
store-of-value motives as in Svensson (1985). More precisely, households will enjoy
identical income in each period but they will face idiosyncratic shocks, since some
households will be audited and others will not. Therefore, the economy exhibits het-
erogeneity both in monetary balances and in consumption as these variables will de-
pend on the whole history of audit shocks experienced by each household. In this
respect, the model resembles that of Lucas (1980), where individuals differ in their
money holdings depending on the realization of an idiosyncratic preference shock.
Finally, as in Hodrick et al. (1991) and Dotsey and Sarte (2000), we will assume
for tractability reasons that the cash-in-advance constraint is strictly binding, which
means that the simple quantity equation will hold in equilibrium. '

! Svensson (1985) and Palivos et al. (1993) allow for non-binding liquidity constraints in some states so
that the quantity equation does not generally hold. These authors consider a model with macroeconomic
shocks in order to analyze the response of the velocity of money to aggregate shocks.
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Finally, our model makes also explicit the relationship between the return to the
risky (and illegal) activity of evading taxes and the inflation rate. We are thus mod-
elling tax evasion using the portfolio approach made famous by Allingham and
Sandmo (1972) and Yitzhaki (1974). By viewing tax evasion as a particular kind
of investment, our model is related to those of Bohn (1991) and Nakibullah
(1992), where the effects of inflation on asset returns was also analyzed.

Our paper also contains some welfare considerations. Since we assume that gov-
ernment spending is unproductive and does not affect the households’ utility, the rate
of monetary growth maximizing the government revenue will be the one that mini-
mizes the average consumption of taxpayers. However, the inflation rate also affects
other moments of the distribution of individual consumption and, therefore, in order
to evaluate the effects of inflation on the resulting expected utility of taxpayers, we
should also take into account these other changes in the distribution of consumption.
When inflation is very small, fines on evaded taxes are very high in real terms and,
hence, no taxpayer finds optimal to misreport his true income. In this case, the dis-
tribution of disposable income and consumption is degenerate as no penalties are im-
posed on audited households. When inflation increases, the variance of consumption
rises, since more heterogeneity among consumers is introduced by the random audit-
ing process. However, we show that, for sufficiently high values of the rate of mone-
tary expansion, the shift in the distribution of consumption due to inflation implies
an improvement in terms of first order stochastic dominance. Therefore, higher infla-
tion rates could be welfare improving.

The paper is organized as follows. Section 2 introduces the tax evasion phenom-
enon in a model of inflationary finance with liquidity constraints and characterizes
the policy functions of households for both monetary holdings and income reports.
Section 3 characterizes the resulting distribution of consumption at a stationary
equilibrium. Section 4 analyzes the relationship between inflation and the different
components of the government revenue. The welfare effects of inflation are discussed
in Section 5. Section 6 contains some concluding remarks and discusses briefly some
extensions. All the proofs appear in Appendix A.

2. Tax evasion and inflation

Let us consider a pure exchange monetary economy where time is discrete and the
time horizon is infinite. There is a continuum of households distributed uniformly on
the interval [0, 1]. Each household consists of a worker-shopper pair. The shopper
purchases consumption goods and faces a cash-in-advance constraint. Thus, the
shopper cannot purchase an amount of goods having a monetary value greater than
the nominal cash holdings of the household in each period. The worker produces a
constant amount of a non-storable good per period. This output is sold by the
worker to the shoppers of the other households in exchange for money. Moreover,
the government collects a fraction of the output produced by workers using two
financing methods. On the one hand, there is a flat-rate tax on the amount of output.
On the other hand, the government introduces money in the economy in exchange
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for goods. Therefore, the government gets both fiscal and seignorage revenues. These
revenues are devoted to a completely unproductive and useless spending. We assume
that households could underreport their true income before paying their taxes. How-
ever, since tax evasion is an illegal activity, taxpayers will be audited by the govern-
ment and, if a household is caught evading, then it will have to pay a fine
proportional to the monetary amount of evaded taxes.

The timing of events within each period is thus the following. Each household
enters period ¢ with some amount M, of money holdings. At the beginning of each
period ¢ the tax enforcement agency picks randomly a fraction = € (0, 1) of house-
holds to be audited. Therefore, the law of large numbers implies that the probability
that a given household will be audited is also equal to n. The inspection takes place
immediately and consists on verifying the accuracy of the income report submitted
by the household to the tax authority in the previous period ¢ — 1. We assume that
the reports of all earlier periods are not audited. The true income is always discov-
ered by the tax enforcement agency. Note that, even if there is no uncertainty about
the output produced by a worker, an audit by the agency is necessary in order to
certify indisputably the level of income of a given household. Then, the shopper
leaves home and purchases ¢, units of the consumption good using the money hold-
ings of the household. Therefore, the shopper will conduct his purchases after
knowing the exact amount of the penalty (if any) that the household will have to
pay during the current period. Simultaneously, the worker stays at home and pro-
duces the constant amount y of a non-storable good per period. Consider now a
worker of a household that has been audited by the tax enforcement agency. After
he has produced the output, he pays the corresponding fine at the rate ¢ > 1 on the
nominal amount of taxes evaded in the previous period. Let t € (0,1) be the con-
stant tax rate on the amount of output. If x,_; is the real income reported by the
household in period ¢ — 1, then the amount of evaded taxes measured in monetary
units is p,_17(y — x,_1). > Note that in the vast majority of tax codes around the
world the fine is imposed proportionally to that monetary amount. We are thus
assuming that the penalty rate is not indexed. Therefore, an audited household
has to pay the nominal amount ¢p,_7(y — x,_;) as a tax penalty in period ¢. More-
over, each worker sells the remaining output to the shoppers of the other house-
holds and to the government in exchange for money. The growth of aggregate
nominal monetary balances is set by the government at the constant net rate
g > 0. After finishing the purchasing session, the shopper returns home. Then, the
consumption of the perishable goods purchased by the shopper takes place. Finally,
the household fills a tax income report and decides to declare a real income x, (or,
equivalently, a nominal income p,x;). This means that the household voluntarily
pays an amount tx, of real taxes (or tp,x, in nominal terms) in period r. The
amount of money carried by the household into period 7+ 1 will be the amount

2 In fact, taxpayers report the nominal income p,x, in period 7. However, since the price level is known,
we will consider the amount x, of reported real income as the relevant choice variable.
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collected by the worker plus the amount not spent on consumption purchases and
tax payments.
The budget constraint faced by an audited household is thus

pici+ My S Mo+ py —wx— op 1y — xi-1),
whereas for a non-audited household is

P+ My < M+ py — X
The previous two constraints can be compactly rewritten as

pei+Moy <M, +py—tpx — htpt—lf(,y - xt71)7 (2'1)
where 7, is an i.i.d. random variable taking the value ¢ with probability 7= and the
value zero with probability 1 — = for all ¢. Let us define the amount of evaded real
income e; = y — x,. Thus, making this change of variable and dividing (2.1) by p;,
we obtain the budget constraint in real terms,

a+ 1+ fi)ma <m+ (1 —1)y— ( )h,e,_l + 1e;, (2.2)

_t
L+

= 22172 g the inflation rate and m, denotes the real money balances per

where f,
household at 7.

Moreover, the household must satisfy the liquidity (or cash-in-advance) con-
straint on consumption purchases:

P <M, (2.3)

Dividing the previous constraint by the price level p;, we obtain the following version
of (2.3) in real terms:

c, < m,. (2.4)

The problem of a given household is to maximize the following expected sum of dis-
counted utilities:

E, lzx: p”u(cj)], 0<p<l,

where p is the discount factor and the operator E, is the conditional expectation in
period ¢ computed immediately after the potential tax inspection has occurred, that
is, after observing the realization of the random variable /,. The instantaneous utility
function u is strictly increasing and strictly concave. The two constraints of the pre-
vious problem are the budget constraint (2.2) and the cash-in-advance constraint
(2.4). To solve the problem of the household we write the corresponding Lagrangian,

£=E ipjt{”(c’./) + 4 [m./ +(1—1)y-— (%f,) hje;-

+1e;—¢;— (1 +f}+1)mj+1:| + 0;(m; — Cj)}] :
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where A, and 0, are the Lagrange multipliers associated with constraints (2.2) and
(2.4), respectively. Differentiating £ with respect to ¢, ¢;, m,+1, 4, and 0, we get
the following first order conditions:

u'(c) =2+ 0, (2.5)

/lt - LEt[itJrth»l]a (2.6)
L+ fi

(1 +.ft+1))tt = pEr[)»tH + 97+1L (2.7)

and the constraints (2.2) and (2.4).
As aggregate nominal monetary balances grow at the net rate ¢ > 0, the market
clearing equation for money is
. (1+o)M;, (2.8)

+1 =

where M, denotes the aggregate amount of nominal balances in the economy at the
beginning of period ¢. Let m} = M /p, be the aggregate amount of real monetary bal-
ances at the beginning of period ¢. Note that this aggregate amount of real balances
coincides with the corresponding average amount per household, since households
are uniformly distributed on the interval [0, 1]. After dividing by p,, the market clear-
ing equation (2.8) becomes thus

(1 +ﬁ+l)m:+1 = (1 +a)m;.

Since at a stationary equilibrium the distribution of monetary real balances across
households must be time-invariant, we have that m},, = m;. Therefore, the previous

market clearing equation for money at a stationary equilibrium becomes simply
f=o (2.9)

where the variables without subindex denote their corresponding stationary values.
It is important to point out that the inflation rate f, is a macroeconomic variable
determined by a simple monetary rule that consists on increasing the aggregate nom-
inal monetary balances at the constant rate ¢. Therefore, the inflation rate is non-
stochastic.

Note that, since the instantaneous utility function u is strictly increasing, the con-
straint (2.2) will hold with equality. Following Hodrick et al. (1991) and Dotsey and
Sarte (2000), for the sake of tractability we will assume that the cash-in-advance con-
straint (2.4) also holds with equality for all households. We will provide at the end of
this section the exact condition under which households effectively face a strictly
binding cash-in-advance constraint.

For simplicity we are going to assume that the instantaneous utility function is
logarithmic, u(c) =Inc. The qualitative results of this paper will also hold under
an isoelastic utility, u(c) = Cl[jgl, when the parameter # takes values close to one.

Since the cash-in-advance constraint (2.4) holds with equality by assumption, the
budget constraint (2.2) becomes in equilibrium
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(14 fr ) = (1 — 1)y — (Jﬁ)h,e,l + 7e,. (2.10)

The following proposition gives the policy functions followed by households at a sta-
tionary equilibrium.

Proposition 2.1. Assume that the cash-in-advance constraint is binding for all the
households at a stationary equilibrium. Then, the policy functions for real monetary
balances m,., and for the amount e, of evaded real income at a stationary equilibrium
are

my = o+ Phe (211)
and
e, =0+ yhe, y, (2.12)
where
~ (=7 —pn)ey
“ U+ Do~ + ] @13)
__(-pme 2.14
i TRk (2.14)
(=9 +f) — prely
P (S @15)
o
T (2.16)

In order to generate a positive demand for money for all households and, thus, a
positive level of consumption, it is necessary to assume that

o>14+f1, (2.17)

which ensures that the value of the coefficient o is positive. Note that the real money
demand by households that are not inspected in period ¢ is equal to «, since these are
the households for which 4, = 0.

We are also going to assume that always some evasion takes place at the individ-
ual level. Therefore, we need to assume that 6 > 0, since J is the amount of income
evaded by the households that are not audited in period ¢. It is immediate to see that
0 >0 if and only if

1+ f > pno, (2.18)

whenever (2.17) holds. Note that the amount of real income evaded by households
inspected in period ¢ is larger than that of non-audited households. This is so because
y > 0 and, hence,
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e, =0+ ype,_1 > 0>0.

It should also be pointed out that audited households, which are the ones for which
h; = ¢, exhibit a demand for real monetary balances that is lower than that of non-
audited households. This is so because § <0 and e,_; > 0, which implies that

My = o+ ,8@6171 < o.

Finally note that, since only the income report submitted in period ¢z — 1 is poten-
tially inspected in period ¢, both the money demand and the amount of evaded
income of a non-audited household take always constant values (¢ and 9,
respectively) independently of the previous audit and evasion history of the
household.

We should check now under which circumstances the maintained assumption of a
binding cash-in-advance constraint for all households holds effectively. The follow-
ing lemma provides the exact parametric restriction.

Lemma 2.2. The cash-in-advance constraint is always strictly binding for all house-
holds if and only if

e > 1. (2.19)

Recalling that the inflation rate satisfies f = ¢ at a stationary equilibrium, we can
summarize the conditions on the parameters of the model for positive consumption,
positive evasion and binding cash-in-advance constraint given in (2.17)—(2.19),
respectively, by means of the following chain of inequalities:

o>1+a0>pnp > p. (2.20)

We will assume from now on that the parameter constellation of our model satis-
fies the previous condition whenever the amount of evaded taxes is assumed to be
strictly positive. We will see that the limiting case with no evasion at the stationary
equilibrium is obtained when the inequality (2.18) is replaced by the corresponding
equality.

3. The distribution of consumption

At the stationary equilibrium of our economy, households follow the policy func-
tions (2.11) and (2.12), the inflation rate is equal to o, and the distributions of real
balances and of evaded income across households are time-invariant.

Let us analyze first the distribution of evaded income at the stationary equilib-
rium. The dynamics of this distribution is governed by the policy function (2.12).
The Markov process of evaded income within a household is thus

{ 0 with probability 1 — 7,
e =
o d + ype, with probability 7.

The distribution of evaded income across households in each period is a probability
measure defined on the measurable space (R, #) where 4 is the o-algebra of Borel
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sets of R. Let y, be the distribution of evaded income at period ¢. This distribution
evolves along time according to the following equation:

u,+1(B):(l—n)HB(5)+7r/ dp,, for all B € 4, (3.1
¢(B)

where [ is the indicator function of the Borel set B, that is,
1 ife€eB,
u =
5(¢) {o if e ¢ B,
and

g(B) = {e € R such that (0 + ype) € B}.

Proposition 3.1. There exists a unique distribution u* on the measurable space (R, %)
such that, for every initial distribution o, the sequence of distributions of evaded
income {,},°, defined in (3.1) satisfies

tlim |@,(B) — ' (B)| =0, forall BeA.

The time-invariant distribution p* of evaded income across households should
satisfy

W(B)=(1=-m)lz(0)+n dy*, for all B € 4, (3.2)

g(B)

as dictated by (3.1). The next proposition fully characterizes this time-invariant dis-
tribution at a stationary equilibrium:

Proposition 3.2. The unique time-invariant distribution of evaded income at a
stationary equilibrium satifies

,u*({éZ(yqo)}) =(1-n)n*, for K=0,1,2,... (3.3)
=0

Now we are in the position of finding the time-invariant distribution v* of real
monetary balances. This distribution coincides in fact with that of consumption
according to the maintained assumption (2.19), which means that the cash-in-ad-
vance constraint is binding. The law of motion of real monetary balances is driven
by the policy function (2.11) so that

o with probability 1 — 7,
Meys = { P Y (3.4)

o+ Ppe, 1 with probability 7.
The time-invariant distribution of real balances at a stationary equilibrium is thus a

by-product of the distribution of evaded income. Combining (3.3) with the previous
law of motion of real balances, we get the following:
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Proposition 3.3. There exists a unique time-invariant distribution of real monetary
balances (and of consumption) at a stationary equilibrium. This distribution satisfies

vi(e) =1-m,

and

v*<{a+ﬁ5§:yi(pi+l}> =(1-m)n* for K=1,2,3,... (3.5)

i=0

Moreover, for any initial distribution vy of real balances, the sequence of distributions
{w},2y of real monetary balances satisfies

tlim |v/(B) —v*(B)| =0, forall B A.

Figs. 1 and 2 depict the shape of the probability functions associated with the dis-
tributions of evaded income and real monetary balances (and consumption), respec-
tively. It should be noted that the support of the two distributions is bounded.
Concerning the distribution p* of evaded income, the infimum of its support is
e = 9, whereas its supremum is

Prob 4

(T e I .

(I-m)n?f---=f-

(T e S e

(T V8] iy s ) A M T

»
»
e

=)
()
w
S
[N J

Fig. 1. Probability function of the time-invariant distribution of evaded income with eX = 5Z£0(y(p)i, for
K=0,1,2,....
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Prob 4
=g [~m""mm mmTTTTTTTTTTTomomomoomomoomoooomoooooooe 9
(I=7)r fommmmmmmm e -
(U=—m)m?
(7).
(I-m)m?[" T ]
m=0 m' m’ m’ m' m=m’ ¢ m

Fig. 2. Probability function of the time-invariant distribution of real monetary balances (and of
consumption) with #m° = o and m* = o + [s’ézg,ly"(p”‘, for K=1,2,....

where the second equality follows because

0<~/(p:ﬂ<l,

1+ f
as dictated by condition (2.18).
The supremum of the support of the distribution v* of real balances is m = o,
whereas its infimum is

_ 1 5[{71 i i+1 _ /35(/) 70
m=lim |+ p ;/ =aty— =0,

where the second equality follows again because 0 < yp < 1, and the last equality is
obtained by just using the equilibrium values of the coefficients «, ff,  and y.

We can now compute the aggregate amounts of evaded income and of real mone-
tary balances (and consumption). Note that these aggregate amounts coincide in fact
with the corresponding average and expected values of the distributions u* and v*,
since households are uniformly distributed on the interval [0, 1].

Corollary 3.4. The aggregate amount of evaded income in the economy at the
stationary equilibrium is

o =0 +0)[(1 +0) — proly (3.6)

o — (1+0)][(1+0) — pnie]’
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and the aggregate amounts of consumption and of real monetary balances in the eco-
nomy at the stationary equilibrium are

oy =A== 7)1 — pm)gy (3.7)

[p = (14 0)][(1 +0) — prPe]

The previous expressions for the aggregate amounts of evaded income, consump-
tion, and real monetary balances play a crucial role in order to derive the effects of
inflation on government revenue, as we will see in the next section.

It should be noticed that the standard model of inflationary finance with a cash-
in-advance constraint on consumption purchases is in fact the limiting case of the
previous model when evasion is absent. In order to remove the evasion phenomenon
from the economy, we should set the inspection policy parameters 7 and ¢ so that
they satisfy

l+o

o P (3.8)
The previous condition means that the inspection policy is no longer exogenous and
is chosen instead as a function of the rate of monetary growth. Condition (3.8)
means that the condition (2.18) holds now with equality. In this case, it is obvious
that the inequalities (2.17) and (2.19) hold, since p € (0,1), =< (0,1), and
o = f> 0. Therefore, real monetary balances are strictly positive and the cash-in-
advance constraint is always binding. Moreover, when (3.8) is satisfied, we have
that

(I-7y_ (-1

1+ f l+o

Y

and
6=0,

as follows from (2.13) and (2.15). Finally, it is immediate to see from Propositions
3.2 and 3.3 that in this case the distributions of evaded income and real monetary
balances (and of consumption) are degenerate at a stationary equilibrium. The sta-
tionary value of evaded income by each household is in fact e = 0, whereas the sta-
tionary amount of consumption and real monetary balances of each household is
(1-1)y
c=m=——. 3.9
l+o (39)
It is worth noting that this amount of monetary balances is also obtained under a
general (not necessarily logarithmic) increasing and concave utility function u.

4. Inflation and seignorage

In order to discuss the relationship between the inflation rate and the revenue
raised by the government from the private sector, let us first write the budget
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constraint of the government when tax evasion activities are present. This constraint
in monetary terms at a stationary equilibrium is

rg =pr(y—e) +rnotp,_ e+ (pm — pm;),
——— =~

M My

where g, is the government revenue per household. This revenue is devoted entirely
to finance the consumption of the government. Recall that we assume that govern-
ment consumption is unproductive and does not enter in the utility function of
households. The first term of the RHS of the previous equation is the amount of
taxes voluntarily paid in period ¢, the second term is the revenue accruing from
the fines imposed on the fraction = of audited taxpayers, and the third term is the
revenue accruing from seignorage, that is, from the purchases of goods made by
the government in exchange for money.

By noticing that at a stationary equilibrium f'= ¢ and m; = m*, for all ¢, we can
divide the previous budget constraint by the price level p, to obtain the following
government budget constraint in real terms at a stationary equilibrium:

—1)e - 4.1
- )e +om 4.1

ey

g=w+r1 ( T

Using the equilibrium values of e¢* and m*, we will obtain the exact relationship be-
tween the rate ¢ of monetary expansion and the government revenue.

Let us first consider the scenario where tax evasion is absent, which means that the
inspection policy satisfies condition (3.8). In this case, ¢ = 0 for all households, the
distribution of real monetary balances is degenerate at the value m given by (3.9),
and the government budget constraint in real terms at a stationary equilibrium
(4.1) becomes simply

g=r1y+om. (4.2)
Therefore, plugging the stationary value of real monetary balances given in (3.9) into
(4.2), we obtain the total revenue collected by the government at a stationary
equilibrium,

(t+ o)y

140
By differentiating the revenue with respect to the rate of monetary growth, we easily
obtain

do (1 +0)

Moreover, g =ty when ¢ =0, while and g tends to y as o approaches infinity.
Therefore, by increasing the rate of monetary expansion (i.e., by creating inflation)
the government can raise its revenue. In fact, by letting the rate of monetary
growth be arbitrarily large, the government can extract from the private sector
an amount of resources arbitrarily close to the total resources available in the econ-
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omy. We will next see that this monotonic relation between the government reve-
nue and the inflation rate does not longer hold if we allow for the possibility of tax
evasion.

It is also clear from (3.9) that the stationary amount of consumption (and of real
monetary balances) is monotonically decreasing in the rate of monetary growth
when there is no evasion. Since the government can raise its spending by injecting
money in the economy and the total output per period is fixed, the amount of re-
sources left for private consumption decreases and, thus, inflation ends up reducing
the welfare of households at the stationary equilibrium. We will also see that the neg-
ative effect of inflation on welfare does not necessarily hold when evasion is present,
i.e., when condition (2.18) is satisfied.

When evasion is strictly positive, inflation (or, equivalently, the rate of growth of
nominal balances) affects the government revenue through two channels. First, it af-
fects the regular revenue accruing from the tax system. The two first terms of the
RHS of (4.1) constitute the fiscal revenue in real terms,

r= Ty—l—T(lTa_ 1)@*.

As o increases, the real value of the penalties paid by the audited taxpayers decreases
in a direct way. This effect is captured by the term {7 in the previous expression.
Moreover, inflation affects the incentives of taxpayers to report their true income.
This effect is captured by the dependence of ¢” on ¢ (see (3.6)). Second, the rate of
monetary growth ¢ obviously affects the real amount of seignorage, which is the last
term of expression (4.1),

*

s=om .

The following proposition provides the comparative statics of the different com-
ponents of the government revenue with respect to the rate ¢ of monetary growth. In
our analysis we restrict the rate ¢ to lie in the interval (pnep — 1,¢ — 1) in order to
satisfy the condition (2.20). Part (d) of the proposition constitutes in fact the main
result of our analysis.

Proposition 4.1
(a) % >0 for all o € (pnp — 1, — 1).
(b) There exists a 6 € (pnp — 1,9 — 1) such that &> 0 for ¢ € (pnp —1,6), and
%<0f0ro’€(6,(p—l)‘
() If pr*p > 1 and
1
[(0 = D)(pn’p — 1)} > prgp — 1, (4.3)

then there exists a &€ (pnp — 1,9 — 1) such that & <0foroe (pnp — 1, &), and
&> 0 for o € (6,9 —1). Otherwise, $ > 0 for all ¢ € (pnp — 1,9 — 1).

. . _ d «
(d) There exists a ¢* € (pnp — 1,9 — 1) such that £ > 0 for ¢ € (pnp — 1,06%), and

g—i <0 for g € (¢, — 1). Moreover,
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dm*_dc*__%
deo  do  do’

Part (a) of the previous proposition tells us that, as inflation increases, the real
penalty rate ;7 on evaded taxes decreases and, therefore, individuals decide opti-
mally to evade more income. Part (b) reflects the trade-off between the decrease in
regular revenue due to the fact that individuals are willing to pay less taxes voluntar-
ily, as follows from part (a), and the increase of revenue accruing from the total pen-
alty imposed on audited taxpayers who evade a larger amount of taxes. For low
values of the inflation rate the second effect outweighs the first, and the opposite oc-
curs for high values of the inflation rate.

Part (c) also shows some ambiguity concerning the relationship between seigno-
rage and inflation. For the case pn’p > 1 such ambiguity could appear as a conse-
quence of the non-monotonic behavior of real monetary balances (see part (d)).
However, when pn°p < 1 such an ambiguity vanishes and seignorage revenue is
monotonically increasing in o, as occurs in the model without tax evasion. It
should also be pointed out that the inequality pn’p < 1 holds for any reasonable
calibration of the model, so that seignorage is generally increasing in the inflation
rate.

Finally, part (d) establishes the main difference with the model without tax eva-
sion. Now the government cannot increase monotonically the revenue extracted
from the private sector by arbitrarily raising the rate of inflation. On the one hand,
a higher inflation rate makes individuals to evade more taxes, since penalties be-
come smaller in real terms. On the other hand, money creation is generally a source
of revenue for the government. The first effect dominates for sufficiently large val-
ues of g, whereas the second one is the dominating for small values of . Fig. 3
depicts the set of admissible values of the parameters ¢ and ¢@according to condi-
tion (2.20) and the subsets for which the government revenue either increases or
decreases with the rate ¢ of monetary growth. We see thus that the maximum level
of the government revenue is achieved for an inflation rate equal to ¢* =
1o(1+ pn?) — 1 (see (4.12) in Appendix A). Moreover, for each revenue level smal-
ler than that maximum, there exist two rates of monetary growth and, thus, two
rates of inflation that support it. The relation between government revenue and
inflation is locally increasing at the low-inflation equilibrium, whereas the converse
holds at the high-inflation equilibrium. Obviously, at the latter equilibrium, the
government cannot increase its revenue by means of increasing further the rate
of monetary growth.

The inverted U-shaped relationship between government revenue g and the
rate o of monetary growth implies that the relationship between aggregate private
consumption ¢* and ¢ is U-shaped, since the total output is kept constant a the
level y. Finally, the effect of ¢ on aggregate real monetary balances m* is
the same as that on consumption since, under our parametric assumptions, the
cash-in-advance is strictly binding for all households so that m* is always equal
to ¢*.
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Fig. 3. Regions for which %f; < 0 and j—i > 0. The admissible values of ¢ and ¢ are in the shaded region.

5. Distributional and welfare implications of inflation under tax evasion

When government spending does not provide utility to the agents of the economy,
the objective of revenue maximization by the government implies the minimization
of average private consumption. In principle, this results in a reduction of the ex ante
welfare of households. However, in order to calculate the overall impact of inflation
on welfare, we need to take into account all the effects of changes in the rate o of
monetary growth on the time-invariant distribution v* of consumption. In fact,
the expected utility of a household at a stationary equilibrium will be the result of
the interaction between the utility function u and the time-invariant distribution of
consumption.

As a first step towards discussing distributional issues, we have the following re-
sult concerning the distribution u* of evaded income.

Proposition 5.1

(a) The variance Var(e) of the distribution of evaded income at a stationary equilib-
rium is increasing in the inflation rate.

(b) Let F,-(e;0) be the cumulative distribution function of evaded income at the station-
ary equilibrium when the rate of inflation is . Then, d“d—iw) < 0 foralle€ [ee,
with strict inequality for at least one e € |e,é|.

Part (a) tells us that the distribution of evaded income displays more variance as
inflation rises. This is a consequence of the fact that the amount of evaded taxes asso-
ciated with a given evasion and audit history rises when the tax fine becomes smaller
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in real terms. Part (b) tells us that, as inflation increases, the cumulative distribution
function shifts down uniformly and, therefore, an increase of inflation generates a
new distribution of evaded income that dominates the previous one in the sense of
first order stochastic dominance (see Hadar and Russell, 1969).

The next proposition characterizes the effects of inflation on the time-invariant
distribution v* of consumption (and of real monetary balances):

Proposition 5.2

(a) The variance Var(c) of the distribution of consumption at a stationary equilibrium
satisfies im,_, ,r,—1 Var(c) = 0 and lim,_,,_, Var(c) = oc.

(b) Assume that pm < 1/2 and let F,(c;0) be the cumulative distribution function of
consumption at the stationary equilibrium when the rate of inflation is o. Then,
W = 0 for all ¢ € [m,m], with strict inequality for at least one ¢ € [m,m],
whenever o € (pnp — 1,5 —1); and lim,_,_, dF";i"‘”) <0 for all ¢ € [m,m], with
strict inequality for at least one ¢ € [m, m].

The previous proposition shows in part (a) that, when the inflation rate ¢ ap-
proaches pme — 1, the distribution of consumption tends to become degenerate,
since all the mass of v* is concentrated around the value «. This can be easily seen
by noticing that lim,_. ., 16 = 0, so that the points {m* } 7, in the support of v* sat-
isfy limaﬂpw,lmK =ofor K=0,1,2,... (see (3.5)). The reason for this relies on the
fact that when mo = =2 taxpayers decide to make truthful reports of their income
and, hence, regardless of whether they are audited or not, they do not have to pay
any penalty. This means that consumption is not longer stochastic. However, the
variance of consumption becomes arbitrarily large when ¢ approaches the upper
bound ¢ — 1.

From part (a) of the last proposition we know that, when the inflation rate is high,
the dispersion (as measured by the variance) of the distribution of consumption in-
creases with inflation. Moreover, we know that the expected (or average) consump-
tion is increasing in the inflation rate for high values of ¢, namely, when ¢ > ¢* (see
part (d) of Proposition 4.1). Therefore, the expected utility of households is exposed
in this case to two effects of apparent opposite sign. However, part (b) of the last
proposition shows that, if the rate ¢ of monetary growth (and, thus, the inflation)
is close to the upper bound ¢ — 1, then the distribution F,:(c;0) uniformly shifts
downwards as ¢ increases. In this case, all the individuals with increasing utility func-
tions will be better off after that inflation increase (see Hadar and Russell, 1969). We
have thus resolved the potential ambiguity of the welfare effect brought about by
having simultaneously a higher expectation and a higher variance for consumption.

On the contrary, when inflation is sufficiently small, it is clear that the two afore-
mentioned effects go in the same direction. Indeed, when inflation is small, expected
consumption decreases with g, according to part (d) of Proposition 4.1, and the var-
iance of consumption increases according to part (a) of Proposition 5.2. Therefore,
we could expect that the ex ante welfare of households be decreasing in ¢ for low
values of inflation. This presumption is confirmed by part (b) of Proposition 5.2.
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Since the distribution F,.(c; ¢) uniformly shifts upwards as inflation increases for val-
ues of ¢ lying on the interval (prp — 1,7 — 1), we can conclude that inflation induces
a deterioration of the distribution v* of consumption in terms of first order stochastic
dominance. Therefore, in this case all the individuals with increasing utility functions
will suffer a decrease in their expected utilities. Finally, note that the assumption
pn < 1/2 appearing in part (b) of Proposition 5.2 is very reasonable in empirical
terms.

Figs. 4 and 5 show the changes in the probability function of the distribution of
consumption when inflation increases for low and high values of the inflation rate,
respectively.

It is well known that the first two moments of a distribution do not contain, in
most of the cases, enough information to assess the desirability of a random variable
from the perspective of an agent who wants to maximize his expected utility. The
analysis based on stochastic dominance relations, when it is possible, allows to rank
unambiguously distributions in terms of the expected utility they provide. In our
model, we have been able to characterize the welfare effects of inflation by just look-
ing at the first order stochastic dominance ordering.

We conclude this section with one example that illustrates the result of part (b) of
Proposition 5.2. Recall that we have assumed throughout this paper that the utility
function is logarithmic and, thus, strictly increasing. As follows from Proposition
3.3, the unconditional expected sum of discounted utilities of a household at a sta-
tionary equilibrium is

Prob A

— 4 3 2 1 — 0
m=0 m m m m m=m c,m

Fig. 4. Shift in the probability function of the distribution of consumption (and of real monetary
balances) when inflation rises for ¢ lying on the interval (pmp — 1,2 —1).
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Prob

—_ 4 3 2 1 — 0
m=0 m m m m m=m c,m

Fig. 5. Shift in the probability function of the distribution of consumption (and of real monetary
balances) when inflation rises for o close to ¢ — 1.

o]

W=E Zp’”u(c,)

=
1
:m (1—7r1noc+z (1 — )" In |+ Bo Z/(p

Fig. 6 displays the plot of I against the rate of inflation rate for the following rea-
sonable parameter configuration p = 0.9, 1 = 0.4, ¢ = 2.5, 1=0.2 and y = 1. In this

4+

05 Sigma

271

Fig. 6. The unconditional expected sum of discounted utilities at a stationary equilibrium as a function of
the rate o of monetary growth for p =09, 1=04, ¢ =2.5,7=0.2and y = 1.
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example the unconditional expected sum of discounted utilities reaches its minimum
at ¢ =0.625. However, expected consumption is minimized at ¢ =1¢(1 + pn®)—
1 = 0.43. The discrepancy between these two values comes from the effect of higher
moments of the consumption distribution on the households’ ex ante welfare.

We see thus that the relationship between ex ante welfare and inflation is U-
shaped, as dictated by part (b) of Proposition 5.2. In particular, higher rates of infla-
tion could enhance the ex ante welfare of households.

6. Conclusion

In this paper we have analyzed the effects of inflation on the reporting strategies of
taxpayers, on the distribution of consumption, and on the government revenue. Our
analysis has been carried out within the framework of a monetary economy where
households face a cash-in-advance constraint on their consumption purchases.
Moreover, households face a probability of being audited by the tax enforcement
agency and, thus, their decision about the level of income to be reported resembles
that of portfolio selection.

Our main results include a non-monotonic relationship between the rate of
growth of money and the government revenue. As government creates inflation,
the real penalty imposed on evaded taxes goes down and this stimulates tax evasion.
While this reduction in regular tax collection is outweighed by seignorage for small
levels of inflation, the aggregate revenue turns out to be decreasing in the rate of
monetary expansion when inflation is sufficiently high. This means that high values
of inflation could leave more resources on the hands of the private sector than more
moderate values. Even if inflation raises the variance of the distribution of consump-
tion, the overall welfare effect of raising the inflation rate could be positive.

The economic environment we have considered is simple enough to enable us to
obtain explicit solutions for all the variables we wanted to characterize. One of the
simplifying assumption of our analysis is that individuals have the same ex ante in-
come. This assumption allows us to emphasize the heterogeneity that arises from the
fact that in every period only a subset of taxpayers is audited. This brings about het-
erogeneous consumption and reporting patterns that give raise in turn to a non-
degenerate distribution of consumption across households.

Another assumption that can be relaxed (at a non-trivial complexity cost) is
that households cannot save part of their income. The introduction of capital
markets and a process of capital accumulation could allow us to analyze the ef-
fects of inflation either on the growth rate and on the convergence rate of the
economy. In absence of tax evasion this analysis has been carried out by Abel
(1985), Jones and Manuelli (1995), and Mino (1997). Moreover, the analysis of
the optimal mix of financing policies by the government in a growing economy
has been undertaken also by Jones and Manuelli (1995), Palivos and Yip
(1995), Smith (1996) and Pecorino (1997). To add the possibility of tax evasion
in a capital accumulation economy exhibiting a liquidity constraint is thus left
for future research.
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Appendix A

Proof of Proposition 2.1. Let us conjecture that the two policy functions have the
functional forms given in (2.11) and (2.12). Combining (2.5) and (2.7) we obtain

(L4 fis1) 2 = pEJu' (cii1)]- (A.1)

Since ¢;+1 = m,+1 when the cash-in-advance constraint is binding, we can use the pol-
icy function (2.11) and the logarithmic specification for u to solve for the Lagrange
multiplier in the previous equation:

) P 1
A= —E . A2
' 1 + frr1 t(“ + ﬁhtetl) ( )

Therefore, plugging (A.2) into (2.6) we get

5 ; > : ; )) ]
E = E E — | |h .
1+ fion ’(a+ﬂh,e,1> (14 fi11) t[(lJerz ’“<a+ﬁh,+1e, o

As the inflation rate is non-stochastic under a deterministic monetary policy rule,
and /;, e,_; and e, are all known at period ¢ after the potential inspection has taken
place, a straightforward application of the law of iterated expectation to the previous
equation yields
1 P ( By )
= E . A3
a4 Phe s 1+ fin \o+ Phie (A3)

Since 4, is an i.i.d. random variable, we can easily compute the conditional expecta-
tion appearing in the previous expression,

E ( hii ) __ "o
o+ Bhisie o+ e .
Moreover, the inflation rate f, is constant at a stationary equilibrium because the

government increases the nominal monetary balances at a constant rate. Therefore,
(A.3) becomes at a stationary equilibrium

1 10

a+ phe s (14 f)(o+ Boe)
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Using the conjectured policy function (2.12), the previous equation becomes

1 B PP
o+ Bhe N (1 +f)[“ + ﬂ(p(5 + Vhret—l)] ’

which, after collecting terms, can be rewritten as
prpa— (14 f) (o + pog) + [pnop — (1 + f)Byolhe, 1 = 0.

Therefore, the coefficients of the policy functions (2.11) and (2.12) must satisfy
prpo — (1 + f)(a+ pop) =0, (A4)

prppf — (1 + f)Bre = 0. (A.5)
Using again the policy functions (2.11) and (2.12), the budget constraint at a sta-
tionary equilibrium when the cash-in-advance constraint is binding is (see (2.10))

(1)t Pherr) = (1 — D)y — (1+f> hiert + (5 + hiecs).

After collecting terms, the previous equation becomes
(U )= w3 = (L=t [+ 0=+ (o) e =

so that the coefficients of the policy functions (2.11) and (2.12) must also satisfy
(I+flo—10—(1—-1)y=0, (A.6)

(I+/)p—+ (ﬁ) =0. (A7)

Solving the system of equations (A.4)—(A.7) for the unknown coefficients o, f3, §, and
v, we get after some tedious algebra the values given in the statement of the
proposition. [

Proof of Lemma 2.2. From the first order condition (2.5), we have that 0, > 0 if and
only if u/(¢,) > Z,. Therefore, from (A.1) we have that 0, > 0 if and only if
/ PE.[u'(c11)]
u\c)>—F——5—.
(@) L+ fin

Evaluating the previous inequality at a stationary equilibrium where the cash-in-
advance constraint is binding, we get after some rearranging,

1+f > E[u (miy1)]
p u'(m,) '
Since u is logarithmic and real balances are governed by the policy function (2.11),
the previous inequality becomes
L+f o+ ph_ie s - o+ Phi_re,»
P o+ Bhe Ca+ poh, + Pyhih_re, 5’

(A8)
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where the equality comes from the policy function (2.12) for e¢,_;. The last term in
(A.8) is clearly increasing in /, since /0 <0 and fy < 0. Therefore, for a given value
of h,_1, the largest value of the last term in (A.8) is reached when /, = ¢. Therefore,
the Lagrange multiplier 0, is strictly positive for all households whenever

1+f o+ Bhi_1e,-»
P a+ oo + Byoh,_re,,’
for both 4,y =0 and &,_; = ¢. However, the RHS of (A.9) takes the same value

regardless of whether /,_; = ¢ or h,_; = 0. To see this, we only have to show that
the following inequality holds:

(A.9)

o _ o+ e,
a+ og  a+ fop + fro’e

The previous equality simplifies to

ayp = o+ .
It can be checked that the previous equality holds by simply substituting the equilib-
rium values of o, f8, 0, and y given in (2.13)—(2.16).

Therefore, the cash-in-advance constraint is strictly binding (6,>0) for all

households if and only if

1+f o * 1+f

p ~atpop prp’

where the equality comes from using again the equilibrium values of «, f8, and d. It is
immediate to see that the previous inequality is satisfied if and only if (2.19) holds. [

Proof of Proposition 3.1. Let 7(e, B) be the transition function of the Markov pro-
cess of evaded income. This transition function gives the probability that a house-
hold evading the amount e of income in a given period, evades an amount of
income lying in the Borel set B in the next period. Therefore,

T(e,B) = (1 — m)l3(5) + =lz(0 + yope). (A.10)
Let B° be the complementary of the Borel set B in R. It is obvious from (A.10) that,
for every B € 4, T(e,B) = 1 — nif 6 € B, for all e € 4. Moreover, T(e,B) > 1 — =
if € BS, for all e € 4. This means that condition M in Section 11.4 of Stokey and

Lucas (1989) holds, and from their Theorems 11.2 and 11.6 the desired convergence
is obtained. [

Proof of Proposition 3.2. We just have to check that the distribution given in (3.3)
satisfies the functional equation (3.2). Note that the support of u* is discrete,
supp(u’) = {e"}z o,

where eX = 05X (y)". Since d + ypeX = 5™, we have that g({e“*'}) = ¢X. There-
fore, if eX*! > 9, Eq. (3.2) becomes
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EUS) = (=R )+ [ du =04 me () = (1= me,

as 1 ({¢%}) = (1 — m)7*. For the case ¢¥*! = 5, Eq. (3.2) becomes

g({o})
The last equality comes from the fact that the set g(d) is empty and has, thus, zero
measure. The emptiness of g({d}) follows because ¢ + ype > as yp >0 and e >0
under condition (2.18). O

Proof of Proposition 3.3. Obvious from Propositions 3.1 and 3.2, since the sequence
of distributions {y,},°, of evaded income converges to x* and the distribution v,4 is
entirely determined by the distribution g, ; through the law of motion (3.4). O

Proof of Corollary 3.4. Since there is a continuum of households uniformly distrib-
uted on the interval [0, 1] and the random variable /4, is identically and independently
distributed across all households, the strong law of large numbers implies that
¢* = E(e) and ¢* = m* = E(m). Then, we just have to compute

E(e) = i(l —m)nto (Z(w)’) =1 —iw’ (A.11)

K=0 i=0

where the first equality is implied by (3.3), and the second equality comes after some
algebra. * The expression (3.6) is finally obtained by just using the equilibrium values
of 6 and y, and the stationary money market equilibrium condition /= ¢. Similarly,

K-1
E(m) = (1 -ma+ Y (1 -m)n* (oc - Bézv"wf*l> = +—1ﬁ_57;:f¢7
K=1 i=0

3

where the first equality is a consequence of (3.5) and the second arises after some
simple computation. * We arrive at the expression (3.7) by using the equilibrium val-
ues of o, f§, 6 and 7, and the fact that f= ¢ at the stationary equilibrium. [

* A much simple computation of E(e) is obtained by taking the unconditional expectation on both sides
of the policy function (2.12),

E(e) = 0 + ynpE(e),

and then solving for E(e).
4 Again a more direct computation is obtained by just taking the unconditional expectation on both
sides of the policy function (2.11),

E(m) = o+ prpE(e),
and then using (4.11).
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Proof of Proposition 4.1. (a) Compute the derivative of (3.6) with respect to o, and
equate that derivative to zero. The solutions for ¢ to the resulting (messy) equation
turn out to be the following conjugate roots:

pr[l +n(p —1)] = 1 £ pnp/—nep(1 — n)(1 — pn)
1 —pn(l—mn)

Since the term inside the square root is negative, we conclude that the aggregate
amount ¢* of evaded income is strictly monotonic in ¢. It just remains to check
numerically that the sign of % is strictly positive.
(b) We compute the derivative of r with respect to o,
dr _ (1=9(1=m)(1 - pn)[(1+0)’ - pr’e’py

do (1+0) = ¢ [(1+0) — prof’
Clearly, & > 0 whenever ¢ < ngp'/? — 1 = 6. Note that 6 = npp'* — 1 > pnp — 1
as p € (0,1). Moreover, ¢ — 1 > npp"? — 1 since © p'> < 1.
(c) We compute the derivative of s with respect to o,
ds _ (1-1)(1 —nm)(1 —pm)[o* + (¢ — 1)(1 — pm’p)]py

do [p = (1+0)’[(1 +0) — pr2g)’

Then, we solve the equation % = 0, to obtain the unique positive root.

¢ =1l(¢—D(pr0 - D,
which is clearly strictly smaller than the upper bound ¢ — 1. If pmp > 1 and (4.3)
holds, then @ is real and greater than the lower bound pn¢p — 1. Obviously, in this
case we have % < 0 for o0 < @. Conversely, if either pmp < 1 or (4.3) does not hold,
then £ > 0 for all ¢ € (prgp — 1,9 — 1).
(d) From Walras’ law, equilibrium in the money market implies equilibrium in the
good market, that is,

y=c"+g

Since the amount of output y is constant, and ¢* is equal to m*, we have that
dg = der dm
do do do

Using the expression (3.7), we can compute the following derivative:

de' _(L=0)(1 = m)(1 = pm)[(1 + p)p — 2(1 + o)y

do [0 = (1+0)[(1 +0) = prg]’
Therefore, % = —9< > 0 whenever
oS %(p(l—kpnz)—l =o". (A.12)

Note that ¢* < ¢ — 1, since 1 + pn® < 2. Moreover, to verify that ¢* > prp — 1, we
only have to check that
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(1+ pn*) > pm,

N —

which can be written as
pm* —2pm+1> 0.
The previous inequality holds since
pr® = 2pn+ 1> p*n® —2pn+ 1= (pn—1)> > 0. O

Proof of Proposition 5.1. (a) From the policy function (2.12) and the independence
between /4, and e,_, it is clear that

Var(e,) = y*Var(he, ) = VZ[E(h z2 1) - [E(h,e,,l)]z]
VIE)E( ) = [E(h)P[E(e)]]
P ne’E(e),) — ¢’ [E(er-1)
=7 [rg[Var(ei) + [Ee1)’] = P97 [E(e,1)]]
= y2n*[Var(e,—y) + (1 — n)[E(e—1)]’]. (A.13)
Therefore, at a stationary equilibrium we can suppress the time subindex,
Var(e) = y*np*[Var(e) + (1 — m)[E(e)]’].

Solving for Var(e) in the previous expression we get

Pl - n)p? [E(e)]z.

1 — y*ng?
Taking into account that E(e) coincides with the aggregate amount ¢* of evaded in-

come given in (3.6), and using the equilibrium value of y given in (2.16), we obtain
that

Var(e) =

(1-1*(1+0)*(1 = m)[(1 + 0) — prg]np*0>? _
2 — (1+0)P’[(1 +0) — pn2’[(1 + 0)° — p2n¢?]

Next, we compute the derivative dVgr 2 and equate it to zero. The conjugate solutions

to the resulting equation are

—1+prn(l+n(p — 1)) + pno\/—n lfn)(lfpn)
1 —pn(l—mn)

Var(e) = (A.14)

As the term inside the square root is negative, both solutions are imaginary. We only
have then to check numerically that the derivative dVZr<e) is strictly positive.

(b) To prove this part, we will show that all the values of the discrete support of
the distribution u* increase with ¢. Recall that, from Proposition 3.2, the support of
i is the sequence {eK}% ) with eX = 03K (y¢)' for K=0,1,2,... Observe that
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¢” = ¢ is clearly increasing in ¢ (see (2.15)). For ¥, with K > 0, we only have to check
whether the product Jy is increasing in ¢. To this end, we compute

5y = (1 =9)[( + o) — prglpny
tfp—(14+0)(l+0)

so that

d(dy) _ (1=9)[(1 +0)* + prgle — 2(1 + o)llpmy
do o — (1+0) (1 +0)’

d(y)

i ) = 0 are

The solutions for ¢ to the equation
=1+ pno £ @\/—pn(l — pm),

which are clearly imaginary. Therefore, since the derivative f;f;/) does not change its
sign, we only have to check numerically that ‘” >0. O

Proof of Proposition 5.2. (a) From the policy function (2.11), and taking into
account that ¢, = m,, we have
Var(c1) = Var(m.) = f*Var(he, ) = fno*[Var(e,) + (1 — n)[E(e.1)]’],

where the third equality follows from (4.13). Suppressing the time subindexes, we get
Var(c) = fne? [Var(e) + (1 = n)[E()]].

Using the values of Var(e) and E(e) in (4.14) and (3.6), respectively, we obtain

(1-m)(1 = pn)’(1 = 2)*[(1 + o) — prg]'np®y '
[ — (1+ 0)*[(1 +0) — pr20)’[(1 + 0)* — p*m3¢?]

It is then obvious that lim,_, ., Var(c) = 0 and lim,_,,_, Var(c) = oo
(b) For this part, we will prove that all the values of the discrete support of the
distribution v* are decreasing in ¢ for ¢ € (pnp — 1,5 — 1), while all these values
increase with ¢ when ¢ is sufficiently close to ¢ — 1. Recall from Proposition 3.3 that
the support of v* is given by the sequence {mf};_, with m® =, and
= oz—i—ﬁ(SZZ o V'@t for K=1,2,... After some tedious algebra it can be proved
that ot — () when

o= <K+l)(p—1:o—’<, for K =0,1,2,...

Var(c) =

K+2
Moreover, m* reaches its global minimum at ¢*. On the one hand if ¢ < 6°, where
o' =%-1, thend(;” _Oandd’" <0f0rallK>O since ¢X > ¢° forallK>O Onthe

other hand lim,_,,_; = d = > 0. since X < ¢ —1for K=0,1,2,. O



J. Caballé, J. Panadés | Journal of Macroeconomics 26 (2004) 567-595 595

References

Abel, A., 1985. Dynamic behavior of capital accumulation in a cash-in advance model. Journal of
Monetary Economics 16, 55-71.

Al-Marhubi, F.A., 2000. Corruption and inflation. Economics Letters 66, 199-202.

Allingham, M., Sandmo, A., 1972. Income tax evasion: A theoretical analysis. Journal of Public
Economics 1, 323-338.

Bohn, H., 1991. On cash-in-advance models of money demand and asset pricing. Journal of Money,
Credit, and Banking 23, 224-242.

Crane, S., Nourzad, F., 1985. Time value of money and income tax evasion under risk-averse behavior:
Theoretical analysis and empirical evidence. Public Finance/Finances Publiques 40, 381-393.

Crane, S., Nourzad, F., 1986. Inflation and tax evasion: An empirical analysis. Review of Economics and
Statistics 68, 217-223.

Dotsey, M., Sarte, P., 2000. Inflation uncertainty and growth in a cash-in-advance economy. Journal of
Monetary Economics 45, 631-655.

Fishburn, G., 1981. Tax evasion and inflation. Australian Economic Papers 20, 325-332.

Fishlow, A., Friedman, J., 1994. Tax evasion, inflation and stabilization. Journal of Development
Economics 43, 105-123.

Hadar, J., Russell, R., 1969. Rules for ordering uncertain prospects. American Economic Review 59, 25—
34.

Hodrick, R.J., Kocherlakota, N., Lucas., D., 1991. The variability of velocity in cash-in-advance models.
Journal of Political Economy 99, 258-384.

Jones, L., Manuelli, R., 1995. Growth and the effects of inflation. Journal of Dynamics and Control 19,
1405-1428.

Lucas, R., 1980. Equilibrium in a pure currency economy. Economic Inquiry 18, 203-220.

Mino, K., 1997. Long-run effects of monetary expansion in a two-sector model of endogenous growth.
Journal of Macroeconomics 19, 635-655.

Nakibullah, A., 1992. Asset returns and inflation in a cash-in-advance economy. Journal of Macroeco-
nomics 14, 155-164.

Nicolini, J.P., 1998. Tax evasion and the optimal inflation tax. Journal of Development Economics 55,
215-232.

Olivera, J., 1967. Money, prices and fiscal lags. A note on the dynamics of inflation. Banca Nazionale del
Lavoro Quaterly Review 20, 258-267.

Palivos, T., Wang, P., Zhang, J., 1993. Velocity of money in a modified cash-in-advance economy: Theory
and evidence. Journal of Macroeconomics 15, 225-248.

Palivos, T., Yip, C.K., 1995. Government expenditure financing in an endogenous growth model: A
comparison. Journal of Money, Credit, and Banking 27, 1159-1178.

Pecorino, P., 1997. The optimal rate of inflation when capital is taxed. Journal of Macroeconomics 19,
657-673.

Smith, T., 1996. Money, taxes, and endogenous growth. Journal of Macroeconomics 18, 449-462.

Stokey, N., Lucas, R., 1989. Recursive Methods in Economic Dynamics. Harvard University Press,
Cambridge, MA.

Svensson, L., 1985. Money and asset prices in a cash-in-advance economy. Journal of Political Economy
95, 919-944.

Tanzi, V., 1977. Inflation, lags in collection and the real value of the tax revenue. IMF Staff Papers 24,
154-167.

Yitzhaki, S., 1974. A note on income tax evasion: A theoretical analysis. Journal of Public Economics 3,
201-202.



	Inflation, tax evasion, and the distribution  of consumption
	Introduction
	Tax evasion and inflation
	The distribution of consumption
	Inflation and seignorage
	Distributional and welfare implications of inflation under tax evasion
	Conclusion
	Acknowledgment
	Appendix A
	References


