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1 Introduction

In this paper we study the welfare implications and other features of some macroeconomic

policies in a standard cash-credit goods model. As in Chari, Christiano and Kehoe (1994,

1995), the optimal policy (i.e., the one that yields the highest utility in the competitive

equilibrium set) induces an outcome in which output and other macro variables are not

constant. So, fully smoothing out the business cycle is not a desirable policy.

We found that there is a simple policy that yields higher utility than the one that fully

smoothes GDP. Keeping the tax rate on labor income and the growth rate of the money

supply constant over time is preferable to an active fiscal policy that induces the output to

be constant.

We performed the standard real business cycle approach of evaluating the first and

second moments of the time series generated by the model. We found that the stabilization

of GDP involves a decrease in the average output and an increase in the volatility of other

real variables, when compared to the outcome induced by an optimal policy.

Besides evaluating the first and second moments of the time series generated by dif-

ferent policy experiments, we also analyzed them in the frequency domain. We computed

spectral densities for consumption, GDP and inflation. The shapes of spectral density

functions across equilibria were very similar, though there were changes in scale, imply-

ing differences in volatility levels. In addition, the equilibria that do not keep the GDP

constant displayed a low degree of comovement between consumption and GDP. More-

over, the degree of comovement betAAween inflation and GDP was high in intermediate

and high frequencies.

The conventional wisdom that fiscal and monetary policies should be targeted at sta-

bilizing output and employment can be traced back at least to Keynes (1936). Indeed, still

today there is a large literature aimed at quantifying the welfare cost of business cycle

fluctuations. This line of research builds on Lucas (1987), who quantified the welfare

gain of a hypothetical household if its consumption was kept constant at its average level

instead of displaying the volatility observed in the actual U.S. data. He concluded that

they were smaller than 1% of the GDP.

Lucas (1987) placed some qualifications on his result. According to him “...there

is no reason to think that eliminating all consumption variability is either a feasible or
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desirable objective of policy...”. The same argument is presented with more emphasis in

Lucas (2003). Anyway, his exercise motivated several other papers that tried to quantify,

in different models, the cost of business cycles. Krusell and Smith (1999), Otrok (2001),

Galí, Gertler, and López-Salido (2007), and Guillén, Issler, and Franco-Neto (2014) are

typical examples of papers discussing the issue.

We believe that the mentioned conventional wisdom does not take into consideration

several results brought forth by the DSGE (dynamic stochastic general equilibrium) ap-

proach to macroeconomics. We elaborate on this matter on the next four paragraphs.

Kydland and Prescott (1982) simulated the competitive equilibrium behavior of con-

sumption, output, investment and other variables of a stochastic economy that was slightly

more sophisticated than the neoclassical growth model. The sources of uncertainty were

shocks on the total productivity factor. Despite of the fact that their economy was ex-

tremely simple, the first and second moments and the comovements of the simulated

series were quantitatively consistent with the actual U.S. economy counterparts. This

seminal paper was the starting point of the real business cycle literature.

By assumptions, both the First and Second Welfare Theorems hold in Kydland and

Prescott’s economy. Furthermore, the competitive equilibrium they computed is unique.

Therefore, the corresponding competitive equilibrium allocation is the unique Pareto ef-

ficient allocation. Since this unique competitive equilibrium mimics the business cycle

behavior of the U.S. economy, the corollary is that the volatility observed in macroeco-

nomic variables, such as GDP, investment and unemployment rate, are optimal responses

to shocks that hit the economy.

There was no government in Kydland and Prescott’s economy. Thus, their findings did

not suffice to establish that cyclical oscillations would be a feature of an efficient outcome

in models containing features such as distorting taxation, government consumption, and

money. In other words, it could the case that introducing a government in Kydland and

Prescott’s world would lead to the conclusion that the government should actively pursue

counter-cyclical policies. However, as we discuss below, that possibility is not desirable

from a welfare perspective.

Chari, Christiano and Kehoe (1994) studied the problem of selecting optimal tax rates

in a real business cycle model. Among some other findings, they concluded that if the

government selects efficient policies, then the economy will still face business cycle fluc-
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tuations. In a related paper (Chari, Christiano, and Kehoe, 1995), they studied the same

problem in a monetary economy. Again, business cycles constitute a feature of the effi-

cient outcome.

All that being said, before we started the quantitative exercises we knew that a policy

designed to keep the GDP constant would be dominated, under the welfare criterion, by at

least one policy (the optimal one) that would not fully smooth out oscillations in output.

Surprisingly to us, the simple policy of constant rates for both labor tax and money growth

dominated the policy that eliminated output fluctuations.

There is an intuitive explanation for our findings. The results of Chari, Christiano and

Kehoe (1994) establish that the optimal policy prescribes zero nominal interest rate (the

well-known Friedman Rule) and relatively stable tax rates on labor income. If we require

the government to adjust these policy instruments to attain constant output, then they will

oscillate more than in our simple policy. As a consequence, consumption and labor will

be more volatile. In other words, there is a tradeoff between the volatility of output against

the volatilities of consumption and labor. For this reason, pursuing constant output is not

a well-founded policy goal.

This paper is organized as follows. Section 2 describes the artificial economy. Sec-

tion 3 discusses the definition and the characterization of the competitive equilibrium set.

Section 4 describes the parameterization of the model. We carry out policy exercises and

evaluate their statistical and welfare implications in Section 5. We present concluding

remarks in Section 6.

2 The economy

The artificial economy is identical to the monetary model studied in Chari, Christiano and

Kehoe (1995). We decide to investigate alternative policy specifications in the context

of a simple monetary model for two basic reasons. First, Chari, Christiano and Kehoe

(1995) was the first monetary model in which the implications of the Ramsey policy were

discussed. Second, proceeding sequentially, we first investigate this basic model without

nominal rigidities, leaving the role of additional frictions for future research. By doing

so, the results based on the simplest canonical model can be used as a benchmark to

disentangle the effects of introducing additional elements in the model.

There exists a country populated by a single infinitely lived household and a govern-
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ment. The household is composed by a shopper and a worker, who is endowed with L

units of time.

The economy produces a single good, which is consumed by the household (c) and by

the government (g). Technology is described by 0≤ y≤ θ l, where y is the output of that

good and l is the amount of time allocated to work.

Transactions take place in this economy in a particular way. At the first stage of each

date t spot markets for goods and labor services operate. At the second stage, security and

currency markets operate.1

A currency M circulates in this economy. A particular type of security is traded: a

claim B, with maturity of one period, to one unit of M.

Shoppers face a cash-in-advance constraint. A fraction (c1) of the purchases of the

consumption good must be paid in cash. Except for the purchases of that good, all other

transactions are settled during the security and currency trading session. Therefore, the

difference c− c1, denoted by c2, does not need to be paid in cash.

Let st denote the vector (θ t ,gt). The sequence {st}
∞
t=0 is a Markov process. Its state

space is S = Θ×G, where Θ = {θ L,θ H}, G = {gL,gH}, θ L < θ H and gL < gH . The

random variables θ t and gt are independent. The transition probabilities are µ(gt+1 =

gt) = µg and µ(θ t+1 = θ t) = µθ . For a given st in St , µ(st) denotes the probability that

the first t realizations of the process will be equal to st . The realization of st is known at

the beginning of date t.

Each good is produced by a single competitive firm. Let l(st) denote the amount of

labor supplied by each household at date t if the history st occurs. Other variables indexed

by st have analogous meanings. Feasibility requires

c1(s
t)+ c2(s

t)+gt = θ t l(s
t) . (1)

The government finances the sequence {gt}
∞
t=0 by issuing and withdrawing M; by

issuing and redeeming B; and taxing labor income at rate τ(st). The government’s budget

constraint is

p(st)gt+B(st−1)+M(st−1) = τ(st)w(st)l(st)+q(st)B(st)+M(st) , (2)

1In this world unexpected inflation does not act as a lump sum tax. Therefore, the problem of selecting

an optimal policy will have a well defined solution even if the government has some outstanding debt at

date zero. See Nicolini (1998), specially section 3, for further details.
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where p(st), w(st) and q(st) are the respective date t monetary prices of the consumption

good, labor services and the security; and M(st) and B(st) are the amount of domestic

currency and public debt held by households at the end of date t. All those variables are

conditional on the history of events. A negative value for B(st)means that the government

is lending to domestic residents. Initial public debt B̄ and nominal balances M̄ satisfy

B̄= 0 and M̄ > 0.

The function u : R2
+× [0,L]→ R∪{−∞},

u(c1,c2,L− l) =

{
[(1−ν)c

ρ
1 +νc

ρ
2 ]

1−γ
ρ (L− l)γ

}1−σ

−1

1−σ
, (3)

is the typical household period utility function. As usual, γ is positive, ν ∈ (0,1), ρ < 1,

and σ ≥ 0. Intertemporal preferences are described by

∞

∑
t=0

∑
st∈St

β t µ(st)u
(
c1(s

t),c2(s
t),L− l(st)

)
, (4)

where β ∈ (0,1). The date t budget constraint of the household is

p(st)[c1(s
t)+ c2(s

t)]+q(st)B(st)+M(st)≤ (5)

[1− τ(st)]w(st)l(st)+B(st−1)+M(st−1) .

The constraint |B(st)/p(st)| ≤ A<∞ prevents Ponzi games. The household also faces the

cash-in-advance constraint

p(st)c1(s
t)≤M(st−1) . (6)

The household selects an object {[c1(s
t),c2(s

t), l(st),M(st),B(st)]st∈St}∞
t=0 to maxi-

mize (4) subject to the constraints (5), (6), and l(st) ≤ 1. Except for B(st), all those

variables are constrained to be non-negative.

The unique firm operating in the economy behaves competitively. At every period, it

chooses l(st) to maximize its period profit p(st)θ t l(s
t)−w(st)l(st).
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3 Competitive equilibrium

The government cannot target at the same time domestic debt, money supply, tax rate,

nominal interest rate, nominal wage, and the price level. Without loss of generality, we

assume that the government targets the last four variables. This convention leads to sim-

pler notation.

A history contingent date t policy (τ(st), p(st),w(st),q(st)) is denoted by ϕ(st). A

policy is an object ϕ = {[ϕ(st)]st∈St}∞
t=0. Date t history contingent allocations (c1(s

t),c2(s
t), l(st))

and asset holdings (M(st),B(st)) are denoted, respectively, by χ(st) and ζ (st). Addition-

ally, χ = {[χ(st)]st∈St}∞
t=0 and ζ = {[ζ (st)]st∈St}∞

t=0.

Definition 1 A competitive equilibrium is an object (ϕ,χ,ζ ) satisfying: (i) given ϕ ,

(χ,ζ ) solves the household problem; (ii) w(st) = p(st)θ t; and (iii) (1) and (2) hold.

The next step is to characterize a competitive equilibrium. There are several possibil-

ities to carry out this task. We will proceed in a particular way that is convenient to the

purposes of this paper, as we explain below.

One of the goals we have is to compute the optimal policy and the competitive equi-

librium allocation (i.e., the Ramsey allocation) induced by that policy. It is well known

that the Ramsey allocation can be characterized by a standard maximization problem, pro-

vided that the competitive equilibrium is characterized just in terms of allocations. This

leads to our characterization choice, which we provide next.

Let u(st), u1(s
t), u2(s

t), and u3(s
t) denote, respectively, the value of u and its partial

derivatives ∂u/∂c1, ∂u/∂c2, and ∂u/∂ (L− l) evaluated at the point (c1(s
t),c2(s

t),L−

l(st)). We denote the sum u1(s
t)c1(s

t)+u2(s
t)c2(s

t)−u3(s
t)l(st) by W (st).

It is a well known fact that in Ramsey policies the government uses distorting taxation

only after using all available lump-sum revenues. This implies that the date zero cash-in-

advance constraint will hold as equality. Otherwise, the money holdings left over would

consist of wealth not taxed away through inflation in a lump-sum fashion. So, in what

follows, we assume without loss of generality that p(s0)c1(s
0) = M̄.

The constraint
∞

∑
t=0

∑
st∈St

β t µ(st)W (st) = u1(s
0)c1(s

0) (7)
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consolidates the family of period budget constraints in (5), while

u2(s
t)≤ u1(s

t) (8)

ensures that q(st)≤ 1, that is, money is dominated in rate of return.2

As Chari, Christiano and Kehoe (1995) pointed out, if an allocation χ satisfies (1), (7)

and (8), then it can be decentralized as a competitive equilibrium. Formally, the following

proposition can be established:

Proposition 1 Suppose that M̄ > 0. If an object (ϕ,χ,ζ ) satisfies (1), (7) and (8), then

(ϕ,χ,ζ ) is a competitive equilibrium. Conversely, if an array χ satisfies (1), (7) and

(8), then there exists a policy ϕ and a portfolio ζ such that (ϕ,χ,ζ ) is a competitive

equilibrium.

This above result is standard in the literature on optimal policy. For this reason we do

not present a proof here. We refer the interested reader to Chari and Kehoe (1999).

4 Parameterization

We borrow most of the parameter values from Chari, Christiano and Kehoe (1995). For

the sake of completeness, we outline their procedure in this section.

Chari, Christiano and Kehoe (1995) calibrated the Markov process for government

consumption so that it matched the mean value of the ratio g/y and the variance and serial

correlation of the detrended log of government consumption. They calibrated the Markov

chain for the technology shocks to replicate the variance and serial correlation of its actual

US counterpart.

With respect to preferences, the discount factor β , the share factor γ and the endow-

ment L are the same as in Christiano and Eichenbaum (1992). A regression of the ratio of

real balances to aggregate consumption against nominal interest rate determined the val-

ues of ν and ρ . Concerning the risk aversion parameter, we will run the policy exercises

in Section 5 for σ = 1, so that the period utility is logarithmic, and σ = 1.5 , which is the

value used in the seminal paper of Kydland and Prescott (1982).

The table that follows contains the selected parameter values.

2We obtained both (7) and (8) from the households’ first order conditions. We list those conditions in

the Appendix.

10



Table 1

Parameter Values

government consumption (gL,gH ,µg) = (350,402,0.95)

technology (θ L,θ H ,µθ ) = (0.974,1.027,0.91)

preferences (β ,γ,ρ,ν ,L) = (0.97,0.8,0.83,0.57,5475)

5 Policy analysis

In this section we compare the implications of distinct macroeconomic policies for the

artificial economy studied in this paper. We carry out the traditional real business cycle

analysis of first and second moments and the spectral analysis proposed by Söderlind

(1993). We also provide welfare comparison of the alternative policies.

We consider three alternative policies: the Ramsey policy, a second one that specifies

constant rates for tax on labor income and money supply growth, and one that ensures that

all output oscillations are totally smoothed out. We now further elaborate on this point.

The Ramsey equilibrium corresponds to the competitive equilibrium that yields the

highest possible expected lifetime utility. Given the result established in Proposition 1, to

compute the Ramsey allocation, it suffices to solve the problem of maximizing (4) subject

to (1), (7) and (8). The solution of this problem has no endogenous state variable. Thus,

it turns out that, for t ≥ 1 and each st , the optimal choice of (c1(s
t),c2(s

t), l(st)) depends

only on the current state (θ t ,gt). Since (θ t ,gt) belongs to a four element set, the Ramsey

allocation is characterized by four vectors (c1,c2, l), one for each possible realization of

(θ t ,gt), plus an additional vector corresponding to the date zero allocation. This allowed

us to use the well-known Newton method for non-linear systems to compute the optimal

allocations.3

One of the goals of this paper is to evaluate the welfare implications of a macroeco-

nomic policy that stabilizes output. Of course, such a policy must yield less utility than

the Ramsey one. What is not clear is whether there exists some simple policy rule that

yields higher utility than the one that fully smoothes output out. It turns out that such a

policy exists. Consider a very simple policy rule, under which money supply grows at

a constant rate of 5.935% per year and the tax rate on labor income is constant at some

level that balances the government’s lifetime budget constraint. We call the competitive

3All equilibria discussed in this paper are stationary, in the sense that the date t allocations depend only

on (θ t ,gt). This feature allowed us to use Newton’s method to compute all equilibria.
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equilibrium induced by this simple policy rule the baseline equilibrium.

Note that Proposition 1 establishes that any competitive equilibrium must satisfy (1),

(7) and (8). Thus, the baseline equilibrium must satisfy them too. Additionally, the

constraint that money supply grows at the rate 5.935% requires

β

µ(st)u2(st)c1(st) ∑
s∈S

µ(st ,s)u1(s
t ,s)c1(s

t ,s) = 1.05935 , (9)

for every st , while the fact that the tax rate on labor income is constant requires the factor

θ t
u3(s

t)

u2(st)
(10)

to be constant. We obtained both (9) and (10) from household’s first-order conditions.4

One can think that the baseline equilibrium is the competitive equilibrium induced by

stable and credible macroeconomic policies that the government announces at date zero

and follows from then on.

The constant output equilibrium is the competitive equilibrium induced by macroeco-

nomic policies that use the tax rate on labor income as an instrument to keep the output

constant. As the baseline one, the constant output equilibrium must respect (1), (7) and

(8). Additionally, we require it to satisfy (9), because we want the only deviation from the

baseline policy to be on the fiscal side. Thus, the only difference in the characterization

of the constant output equilibrium from the baseline one is that condition (10) is replaced

by

θ t l(s
t) = θ 0l(s0) (11)

for all possible histories st . One can see the constant output equilibrium as the competitive

equilibrium induced by an active output stabilization policy.

We carry out the forthcoming analysis for two different values for the preference pa-

rameter σ . We provide a detailed analysis for the case in which σ = 1. Since the results

are roughly the same, we only briefly discuss the results for the case in which σ = 1.5.

4We list all first-order conditions in the Appendix.
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5.1 First and second moment comparisons

We report next the first and second moments of selected variables of the Ramsey equilib-

rium. As usual, π denotes the inflation rate.5

Table 2

First and Second Moments - Ramsey Equilibrium

(σ = 1)

variable y M
p

(c1+ c2) l τ (%) π (%)

mean 7.0027 4.7548 11.1675 7.0013 33.7618 -3.0143

std.dev. 0.0246 0.0283 0.0566 0.0188 0.1060 1.7448

We report in Table 3 the sample first and second moments of the baseline equilibrium.

Table 3

First and Second Moments - Baseline Equilibrium

(σ = 1)

variable y M
p

(c1+ c2) l τ (%) π (%)

mean 7.0004 4.4594 10.9165 6.9991 33.5546 2.7496

std.dev. 0.0249 0.0275 0.0552 0.0198 0 1.7038

Mean output is slightly higher in the Ramsey than in the baseline equilibrium. The oppo-

site happens with its standard deviation. Ramsey real balances and private consumption

are higher on average and more volatile than in the baseline equilibrium. Ramsey labor

is slightly higher on average and less volatile. Inflation is higher and less volatile in the

baseline equilibrium.

We report next the first and second moments of simulated data from the constant

output equilibrium.

Table 4

First and Second Moments - Constant Output Equilibrium

(σ = 1)

variable y M
p

(c1+ c2) l τ (%) π (%)

mean 6.9990 4.4565 10.9108 6.9977 33.6902 2.7508

std.dev. 0 0.0323 0.0648 0.0252 2.9285 1.5708

5All reported statistics are based on 500 sample realizations, each of them of size 100, of (θ t ,gt). We

also assume that s0 = (θ H ,gL).
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Compared to both Ramsey and baseline ones, the constant output equilibrium has a lower

average value for output and hours worked. Except for output and inflation, all variables

are more volatile in the constant output equilibrium than in the baseline.

We observe that the elimination of output volatility has two types of implications.

First, it comes at the expense of a lower output on average. Second, the volatility of the

remaining real variables rise. Moreover, we also carried out the first and second moment

analysis for σ = 1.5. The results are virtually the same. Consequently, we do not report

them for the sake of brevity.

5.2 Frequency domain analysis

The aim of this subsection is to compare cyclical properties of the three policy regimes.

Indeed, we assess the properties of the computed equilibria by performing frequency do-

main analysis. However, none of the computed equilibria are designed to match statistical

properties of macroeconomic variables. The model economy presented in this paper does

not have enough structure to capture all relevant cyclical properties. For instance, it has

no physical capital and the only existing friction is the cash-in-advance constraint. Con-

sequently, we do not attempt a comparison with data sets from any country.

Despite the aforementioned limitations, an assessment of the policy experiments is

a valuable task for three reasons. First, a comparison between the three equilibria can

reveal in which dimensions they perform differently, which can suggest the incorporation

of additional features in future extensions of the model. Second, this assessment can

work as a robustness check in the sense that it is able to gauge how the properties of a very

simple artificial economy can change according to alternative policies. Third, the analysis

of the time series properties of the computed equilibria provides us with counterfactual

macroeconomic scenarios. In other words, since policy makers are probably not strictly

following any of the policy experiments studied here, the cyclical properties generated by

the computed equilibria may be thought of as the properties one would expect to find in the

data if policy makers were behaving precisely as described by the particular equilibrium.

In Subsection 5.1 we showed the traditional real business cycle analysis of first and

second moment statistics across simulations. In the present subsection we follow Söder-

lind (1993) and perform a frequency domain analysis of the time series generated by each

equilibrium. Since Granger (1966, 1969), spectral properties have been used to gauge al-
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ternative specifications in macroeconomic models. Watson (1993) and King and Watson

(1996) are additional examples of this approach.

The procedure to implement this exercise goes as follows. We simulate a set of 500 re-

alizations of macroeconomic variables for each particular equilibrium studied. The time

series generated by each policy regime comprise 100 observations for each macroeco-

nomic variable. We then compute the median of some statistics in the frequency domain,

which we describe below, across these 500 replications of length 100. Finally, we con-

struct 95% confidence bands.

We focus on three macroeconomic series: GDP, aggregate consumption and inflation.

We compute spectral density functions for each time series in order to analyze volatility

across different frequency bands since the area under the spectral density is the variance

associated with a particular band of frequency, which represents cycles of a particular pe-

riodicity. To study the comovement of consumption and inflation with GDP, we evaluate

the coherence, which is a frequency domain analogue of the R2 of basic regression analy-

sis. It is worth noting that since, by design, GDP does not vary in the constant output

equilibrium, there is no point in computing comovement measures and spectral density

functions for GDP in this particular equilibrium.

The results presented in Figures 1 to 5 are based on the parameterization in which

σ = 1. The results are virtually the same for σ = 1.5. The solid line represents the

median of a particular statistics across simulations and dashed lines delimited the 95%

confidence region. Figures 1 to 3 show spectral densities for GDP, aggregate consumption

and inflation. In these figures, each graph corresponds to a particular policy experiment

(Ramsey, baseline and constant output). Since GDP does not vary in the constant output

equilibrium, there is no graph corresponding to this equilibrium in Figure 1.

We now discuss the results in Figures 1 to 3. Concerning GDP, the Ramsey and the

baseline equilibrium generate basically the same spectral density. Since the model has

limited propagation mechanisms, technology shocks, which follow the same stochastic

process in both equilibria, drive GDP. Therefore, spectral densities in these equilibria

tend to coincide. Concerning consumption, in all equilibria, low frequencies concentrate

a great percentage of the volatility and spectral shapes are very similar across equilibria.

For inflation, all equilibria display almost flat spectral densities.

Figures 4 and 5 display measures of comovement with GDP for aggregate consump-
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tion and inflation. Each figure displays coherence measures. The first graph corresponds

to the Ramsey equilibrium and the second to the baseline equilibrium. Next, we present

the findings in Figures 4 and 5. In the equilibria we considered in these figures, con-

sumption comoves weakly with GDP, especially in the low frequency range, with median

coherence values of less than 0.5. The two policy experiments generate inflation realiza-

tions with substantial comovement in intermediate and high frequency ranges.

Concerning the constant output equilibrium, spectral shapes and the comovement be-

tween consumption and GDP do not substantially change when compared with the base-

line case. Since different equilibria imply different volatility patterns, the scale of the

spectral density functions changes to some extent according to the policy experiment, but

the equilibrium effect on spectral shapes is not significant.

5.3 Welfare implications

Let U r, Ub and Uc denote, respectively, the expected lifetime utility under the Ramsey,

baseline and constant output policies. We found out that U r >Ub >Uc for both σ = 1

and σ = 1.5. This finding suggests that, contrary to the conventional wisdom, output

variability and business cycles are not necessarily costly.

The definition of Ramsey equilibrium implies the inequalities U r >Ub and U r >Uc.

We need to understand why Uc is smaller than Ub.

A key variable to understand the above utility ranking is the tax rate on labor income.

In the baseline equilibrium, τ is constant and approximately equal to 33.55%. The Ram-

sey tax on labor income is roughly constant, since 33.63% ' τ(θ H ,gL) < τ(θ L,gL) <

τ(θ H ,gH) < τ(θ L,gH) ' 33,93%. However, the same does not apply in the constant

output equilibrium. The tax rate ranges from 38.29% at state (θ H ,gH) to 29.12% at state

(θ L,gL). The requirement of keeping the output constant ostensibly drives the tax rate on

labor away from its optimal path. This happens only in a very subtle way in the baseline

equilibrium.

We also measured the benefits of shifting from the baseline to the Ramsey policies.

Following the procedure that is standard in the literature on the costs of business cycle

fluctuations, we measured the benefit as the uniform (i.e., over all t and all st) percent

increase in the baseline c1 and c2 that would make people indifferent between the baseline

and the Ramsey policies. Our findings are reported in Table 5.
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Table 5

Welfare Gains and Losses

policy experiment σ = 1 σ = 1.5

from baseline to Ramsey 0.1716% 0.1713%

from baseline to constant output -0.0930% -0.0928%

As usual in the related literature, we obtained small figures. However, in contrast

to most authors, we found that policies aimed at smoothing out business cycles do not

necessarily improve welfare.

6 Concluding remarks

We quantitatively compared three macroeconomic policies in a simple monetary model

with cash-credit goods and distorting taxation on labor income. The policies are: (i) the

optimal (in the Ramsey sense) policy; (ii) a policy that leads to an equilibrium in which

output is constant over time; and (iii) a simple policy that keeps the tax rate on labor

income and money growth rate constant over time.

Not surprisingly, the active fiscal policy that fully smoothes out the business cycle is

dominated in welfare by the Ramsey policy. On the other hand, what we see as a surprise

is the finding that the active fiscal policy implied by the constant output equilibrium is

worse than the simple policy of constant rates for the labor tax and money growth. In

the model, this simple policy approximates the optimal policy and corresponds to a stable

macroeconomic environment since the labor tax and money growth rates are constant over

time.

Future research can extend this paper in at least two fruitful directions. First, re-

searchers can perform the same analysis in a more complex artificial economy, featuring

nominal rigidities and additional tax instruments (e.g., consumption and capital taxes).

Second, in a more complex environment, the time series generated by the model can be

compared with actual data and alternative measures of fit could be used to assess which

policy experiment generates artificial data that resemble actual data.
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Appendix

If M̄ is positive, the first-order necessary and sufficient conditions for a typical house-

hold are

β t µ(st)u1(s
t) = [λ (st)+ξ (st)]p(st) ; (12)

β t µ(st)u2(s
t) = λ (st)p(st) ; (13)

β t µ(st)u3(s
t) = λ (st)[1− τ(st)]w(st) ; (14)

λ (st) = ∑
st+1∈S

[λ (st ,st+1)+ξ (st ,st+1)] ; (15)

λ (st)q(st) = ∑
st+1∈S

λ (st ,st+1) ; (16)

M(st−1)≥ p(st)c1(s
t) & ξ (st)[M(st−1)− p(st)c1(s

t)] = 0 ; (17)

p(st)[c1(s
t)+ c2(s

t)]+q(st)B(st)+M(st) =

[1− τ(st)]w(st)l(st)+B(st−1)+M(st−1) ; (18)

lim
t→∞

∑
st∈St

λ (st)M(st) = lim
t→∞

∑
st∈St

λ (st)q(st)B(st) = 0 ; (19)

c1(s
t),c2(s

t), l(st),M(st),λ (st),ξ (st)≥ 0 , l(st)≤ L ; (20)

where λ (st) and ξ (st) are Lagrange multipliers for, respectively, budget and cash-in-

advance constraints.
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Figure 1 

Spectral Density – GDP
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Figure 2 

Spectral Density – Consumption
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Figure 3 

Spectral Density – Inflation
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Figure 4 

Coherence with GDP – Consumption
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Figure 5 

Coherence with GDP – Inflation
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