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Abstract

This paper is an attempt to determine the relative importance of the efficiency and stability
effects of monetary policy. The method is to find the policy that maximizes welfare in a general
equilibrium model that generates both effects. It is found that the steady-state inflation rate
under the optimal policy is significantly above the rate required for maximal efficiency and
significantly below that required for maximal stability. Thus, both effects play important roles in
determining the optimal rate of inflation. In addition, it is found that if a typical macroeconomic
objective function is maximized as a substitute for welfare-maximization, the resultant policy
rule puts too much weight on stability. It generates too much inflation and causes the policy
instrument to respond too much to new information.
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1. Introduction

Suppose that the FOMC were to adopt an inflation-targeting framework, as many monetary
economists recommend. What inflation rate should it target? One common policy prescription is
that it should follow a Friedman Rule; that is, it should seek a rate of deflation equal to the real
rate on safe assets in order to make their nominal rate zero. However, another prescription is that
it should seek a positive rate of inflation to keep the nominal rate on safe assets comfortably above
zero. Obviously, these two prescriptions are in conflict.!

The Friedman Rule is motivated by long-run efficiency considerations and relates to the mean
of output. The basic argument goes like this: the marginal benefit of holding additional money
is the decrease in transaction costs represented by, say, shopping time, going-to-the-bank time, or
other costs associated with the purchase of consumption goods. With a positive nominal interest
rate, people economize on their cash balances to the point that the marginal benefit, social and
private, is equal to the marginal private cost, i.e., the nominal interest rate. However, this is socially
suboptimal, because the government can costlessly produce the cash until people are satiated with
it. A social optimum occurs when the nominal rate is zero (or deflation is at a rate equal to the
real interest rate), so that the marginal social benefit and marginal social cost of holding money
are equalized at zero. Thus, the Friedman Rule is designed to remove an inefficiency, and by doing
so, raise the mean of output.

The prescription for significantly positive nominal rates is motivated by business cycle consid-
erations and relates to the variability of some key variables, such as output. The basic argument
is: at a low inflation target, monetary policy is significantly constrained by the zero bound on the
nominal rate, in the sense that the zero bound is encountered frequently. If the federal funds rate

were zero and the economy then were hit with a negative demand shock, monetary policy could not

'These two confliciting views are best represented by Friedman (1969) and Summers (1991).



respond by lowering the funds rate further, and consequently output would be more variable than
at a modestly high inflation target. It does not follow that nominal rates would be expected to
be zero when inflation was zero, because nominal rates are the sum of inflation and a positive real
rate. However, the outcome for interest rates is a distribution, so that the probability rises of zero
nominal rate realizations as the rate of inflation falls. In order to guarantee a small probability of
zero nominal rates, a positive rate of inflation is required, usually estimated to be around 2 percent
per year.

The arguments underlying both policy prescriptions seem valid, and together they suggest a
trade-off with respect to the target rate of inflation. Over a range, extending into negative territory,
a lower rate of price change will move the economy to greater efficiency all the time, while making
it more likely that monetary stabilization policy will be foregone on occasion. Or, more simply, the
trade-off is between the mean and variance of output.

This paper is an attempt to determine the relative importance of the efficiency and stability
effects of monetary policy. Our method is to find the policy that maximizes welfare in a model that
generates both effects. The rule by its nature determines the weight given to each effect and thus
determines the weight given to the Friedman Rule as compared to the positive nominal interest
rate rule.

In contrast to finding the rule that maximizes welfare, many studies in the literature instead
assume a macroeconomic objective, such as minimizing a weighted sum of the variances of output
and inflation.? A second aim of this paper is to determine where macro-based rules go wrong.
We accomplish this by comparing those rules and associated equilibria to their welfare-maximizing
counterparts.

To examine the quantitative welfare implications of the Friedman and positive nominal rate

?See, for example, Bernanke (2004) and Levine et al. (1999) who use the weighted average of the variances in
quarterly output gap and inflation rate. Rudebusch and Svensson (1999) consider in addition the variabilities of the
changes in nominal interest rates.



polices, one needs an appropriate criterion that weighs the alternative outcomes and a model
that is capable of generating the trade-off between efficiency and stability. If we assume that
tax/transfer policies address distributional concerns, we can take the criterion function to be the
expected discounted utility of a representative agent. Because efficiency and stability in reference
to monetary policy effects are inherently dynamic and stochastic concepts and because welfare
functions are based on households’ consumption and leisure paths, a DSGE model is required.
Furthermore, in order for the estimated model trade-off to approximate the true trade-off, structural
parameters must be fit to the data.

In this paper, we carry out such an analysis with an estimated DSGE model in which monetary
policy has both efficiency and stability effects. Our model has three important features tailored
for the aims posited above. First, to take into account the welfare costs of a positive nominal rate,
we explicitly include nominal money balances in the model. Second, for the correct evaluations
of monetary policy’s effects on means and variances of relevant variables, we employ a quadratic
approximate solution method developed and extended in Sims (2000) and Kim et al. (2002),
respectively. Third, we account for the zero bound by assuming that the variability of the nominal
rate relative to its average level cannot be greater than the magnitude implied by the data. Thus,
given the historical variability of nominal interest rates, a long-run inflation target that is too low
will cause nominal rates to hit the zero bound an unacceptably frequent number of times.

The analysis finds that, in the estimated model, both the efficiency effect and the stabilization
effect matter in determining the optimal rate of inflation. That is, the policy that maximizes
the expected utility of a representative household in the estimated model implies a slightly positive
inflation rate of 0.12% per year, which is significantly above the rate required for maximal efficiency
and significantly below that required for maximal stability.

The weighting of the efficiency and stability effects that we find is dependent on the model we



use. It is conceivable that different models, or the same model estimated over a different period,
could generate different policy implications. Nevertheless, comparison of welfare-based and macro-
based rules reveals two suboptimal properties of the latter. First, macro-based rules imply too high
a rate of inflation. The macro objective recognizes that policy affects the variance of output, but
not the mean. Our results suggest that under such objective functions, a policy with zero or very
low rate of inflation is hardly optimal: since policy is concerned with economic stabilization but
not efficiency, positive inflation is required to keep nominal interest rates above the zero bound.
Putting too much emphasis on short-run stabilization, such rules basically shut down a possibly
more important long-run efficiency channel for monetary policy to enhance welfare. Second, macro-
based rules may stabilize output, but they can actually fail to stabilize the utility of agents, because
output is not a good proxy for the utility of consumption and leisure. Our results show that wrong
proxy selection can actually de-stabilize utility.

Proponents of macro-based policy rules argue that the efficiency effect of monetary policy can
be ignored because empirical studies indicate it is small. But what matters is its contribution to
welfare relative to that of monetary stabilization policy. In our model, the efficiency effect cannot be
ignored, because it implies at least as large a utility gain as stabilization policy does. As Kiley (2003)
showed, the cost from business fluctuations can be large. Yet, for models in which fluctuations are
caused by fundamental shocks to the economy and in which individuals respond optimally to the
shocks given the constraints that they face, the welfare gains from monetary stabilization policy
will be small.

In the text that follows, we first describe general features of our model. We next discuss our
methodology and results. Finally, in an appendix, we formally describe the model’s construction,

solution, and estimation.

2. General Features of the Model



The model, borrowed form Kim (2003), is composed of a private sector, a public sector, and
markets for commodities, physical capital, labor, money, and bonds. The private sector includes
households and firms. Households purchase commodities to consume and to save in the form of
physical capital. They also save by holding money, bonds, and shares of firms. They purchase the
assets using the returns on their investments and the income they receive from supplying labor
services. Firms purchase physical capital and labor services in order to produce commodities.

The public sector consists of a budget authority and a monetary authority. The budget authority
makes transfers to households financed by issuing bonds. The monetary authority performs open-
market operations between money and bonds. The monetary authority is assumed to follow a policy
feedback rule that determines the nominal interest rate as a simple function of current information.
A solution path for inflation and interest rates implies paths of money and bonds. Thus, given an
inflation rate and a monetary policy feedback rule, budget balance for the consolidated budget and
monetary authorities is assured period-by-period by adjusting the level of nominal transfers to the
revenue from money and bond issue.

Commodities and labor are produced as differentiated goods, giving the supplier market power
to determine prices. It is assumed that in each market the commodities (or labor) are aggregated
into a single composite good (or labor) before being sold at a single price (or wage rate).

We introduce nominal rigidities in the model by assuming that individual firms and households
pay adjustment costs each period when setting optimal prices and wages, respectively. Also, we
explicitly take money balances into account by following a money-in-utility function approach.
As discussed in Feenstra (1986), our formulation is equivalent to viewing money as a means to
economize on the transaction costs for the purchase of consumption goods.

An equilibrium in the model is a stochastic process driven by six fundamental disturbances:

shocks to aggregate productivity and capital share in the production function, depreciation of



capital, money demand, labor supply, and monetary policy.

The model’s parameters are determined by jointly applying calibration and estimation to quar-
terly US data spanning 1959:Q1 - 1999:Q4. Prior to estimation, we fix some parameters at values
frequently calibrated in the literature: especially, the inflation rate in the deterministic steady
state of the model is fixed at the sample average implying the annual inflation of 4.05%. The
remaining parameters are estimated by maximum likelihood applied to the log-linearized solution
of the model, which is obtained by the method of Sims (2002). Given the parameter estimates and
alternative monetary policy rules, the model is solved again by a second order approximate solution
method for the sake of correct welfare statistics.> The details on the model, dataset, estimation

results, and welfare calculations are given in the appendix.

3. Methodology

Our primary aim is to determine the relative importance of the efficiency and stability effects of
monetary policy under a utility-based objective function of the monetary authority. A secondary
aim is to determine how the conclusion is altered under macro-based objective functions. For
these aims, our methodology is to i) choose an objective function the monetary authority seeks to
optimize, ii) solve for the optimal rule given the model and that objective function, and iii) compare
the implications for macro outcomes and for welfare of different optimized rules.

3.1 Objective Functions
We specify two types of objective functions that the monetary authority is assumed to minimize.

The first one is utility-based: the minus of the expected discounted stream of the representative

*Kim and Kim (2001) illustrates the necessity of higher order approximate solution methods in measuring the
welfare level correctly.



household’s lifetime utility. This objective function is represented as

OF = —Eo [ZZOBtU(Ct)]

= U0~ [T e T T (0t i)
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where [ is the subjective discount factor of households, and Ey(-) and Varg(-) denote the expecta-
tion and variance operators, respectively, conditional on some initial state 9. The term ¢, in the
utility function U(+) is the vector of consumption (Cy), real balances (M;/F;), labor (L), money
demand shock (b;), and labor supply shock (a;). The term dlog(; is log-deviation of ¢, from its
deterministic steady state level, and t¢r(-) is the trace of a square matrix. The symbol ® denotes
the element-by-element multiplication operator. It is worth noting that, as long as the second
derivative of U with respect to consumption is negative, the second order term in (1) penalizes
variability in consumption.

The other objective function is macro-based and a variant of the objective function frequently
used in the inflation targeting literature: a weighted average of the variances of inflation and output.

This objective function has the form

o
OF, =Y Bt { Bo log Tl — log I + A, Fo [log e — log ] } (2)

where [ is the subjective discount factor for the monetary authority, II; and y; are the gross
inflation rate and real output at period %, respectively, II* is the target rate of long-run inflation,
and y; is the target rate of real output at period ¢. In the following analysis, we set 51 equal to the
household’s discount factor, and IT* to 1.01005, the historical average of the inflation rate over the
sample period. In the macro-based objective functions found in the literature, the target rate for
inflation is usually taken to be something between what is implied by the Friedman Rule and the

positive nominal interest rate constraint. Our choice of the historical average, i.e., 4.05 % per year,



is higher than those levels and allows more aggressive adjustment of the nominal interest rate in
the context of OF,. As in Bernanke (2004) and other papers, we take the potential GDP gy} to be
the deterministic future output implied by the estimated model. In order to see how the policy rule
is affected by different relative preferences for output and inflation stability, three different values
of the weight on output variability are considered: A\, = (1,0.5,0.1).

3.2 Policy Indicators and Zero Bound

In order to solve for optimal policy rules, we need to specify a small set of policy indicators
to serve as arguments in the rules.? For this purpose, we rely on a general result in the liter-
ature adopting linear-quadratic decision making frameworks: for a given objective function, the
corresponding optimal rule can be expressed as a function of the current, lagged, and expected
future values of the goal variables, i.e., the variables in the objective function. However, although
there may be few goal variables, their expected values depend in general on the histories of all the
variables in the model. Since the coefficients of optimal policy rules in our model are found using
numerical searches, feasibility requires that the arguments in the rules be severely limited. To do
so, we further resort to a common finding in the time series literature that the forecast accuracy
for any given variable is improved significantly by the addition of very few variables in addition to
the lags of the variable itself.?

We opt to find the policy indicators for the second objective function OF5 and use them as the
policy indicators for OF; as well. We then are able to draw on a large literature for forecasting
output and prices, the goal variables for OF», and by making the arguments the same in all rules,
we can directly compare coefficients to measure differences in responses to new information. Our

selection strategy is i) to construct a quarterly VAR(5) in terms of inflation and output, and

1 As in Kind and Wolman (1999) and Khan et al. (2002), a formal quest for optimal rules associated with objective
fucntions like OF; requires us to characterize equilibrium allocations under the Ramsey policy, without restricting
the form of the policy function to the arguments of a pre-specified interest rate rule. We plan to extend the current
exercise toward this direction in future research.

*Williams (2003) makes this conclusion in a context very similar to ours.



ii) find a small set of other data series that, if augmented to the bivariate VAR, helps better
forecast these goal variables, and iii) proxy the expected future values of the goal variables with
the augmented variables.% After a few trials, the strategy led to a VAR comprising data series on
(log Ry, log MGy, log IT¥) in addition to those on (log Y;,logII;).” From this finding, we specify the

monetary policy rule of the form

dlog Ry = pp * dlog Ry_1
(3)

+ a1 xdlogIl; + az x dlogY; + asg x dlogYi—1 + ag * dlog MGy + a5 x dlogII}’,  |pp| <1

which is a generalization of Taylor (1993) in that it involves money growth and wage inflation as
additional nominal anchors.

For each objective function, we proceed to search for optimal values of pp and a}s that minimize
the alternative objectives evaluated at the model solution by the quadratic approximation method
described above. Having obtained the best rules for respective objective functions, we compute
some key macroeconomic and welfare statistics implied by the optimized rules.

In the search for optimal rules, we need to address the zero bound restriction on nominal interest
rates. Generally, two alternative devices are employed in the literature. One approach is to solve
the model nonlinearly directly imposing the zero bound, as in Reifschneider and Williams (2000),
and Fuhrer and Madigan (1997). The other, as in Rotemberg and Woodford (1999) and Williams
(2003), assumes that the variability of the nominal rate is constrained by the average level of the
interest rate (or the inflation target). For example, Rotemberg and Woodford assume that the ratio
of the standard deviation of the nominal rate to its average level can be no greater than the ratio
that describes the ’80-’95 sample.

We use a strategy similar to Rotemberg and Woodford: when searching for the coefficients and

target inflation rates for an objective function, we require that the k-standard deviation confidence

SMore specifically, we search for a set of the augmented variables that minimizes the mean squared errors of the
one-step-ahead forecasts of the goal variables from the expanded VAR.

"The variables in the policy reaction function are as follows: nominal interest rate (R), money growth rate (MG),
wage inflation (II"), price inflation (IT), and real output (Y).
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interval of the nominal interest rate around its deterministic steady state level should not contain
zero. Intuitively, the higher the k is, the more concerned the monetary authority is about the
occurrence of a zero nominal interest rate. Unless explicitly noted, the level of k in the following
analysis is 2.0468, which is equal to the empirical mean-standard deviation ratio from the sample

used for estimation.

4. Results
4.1 Trade-off : Efficiency and Stability

As stated in the introduction, the primary goal of this paper is to find an optimal long-run rate
of inflation that balances the long-run efficiency and short-run stabilization effects of monetary
policy. We start our analysis by examining the trade-off between the two effects in the context of
the estimated model.

Figure 1 illustrates the costs and benefits from changing the target rate of inflation, assuming
that the estimated policy rule is otherwise maintained. The upper panel plots the costs from higher
inflation target, measured by 17—15*U ) + [% ® Z]/Z?io (B'Eq [dlog(,]), for the net long-run
inflation rate ranging from zero to 5.1% per year.

The plot shows that mean utility decreases monotonically as the inflation rate increases over
this range. For example, the household welfare level is 611.83 when the net annual rate of inflation
is zero (i.e., II* = 1), and it decreases to 611.09 when the inflation rate is 4% (i.e., IT* = 1.0099).
In terms of steady-state consumption for the estimated model, this welfare difference amounts to
0.029 units of consumption every quarter for life.

The reason that efficiency is reduced as inflation increases (above the rate associated with a zero
real interest rate) seems clear. Higher inflation causes households to hold less real balances. More

costs then are incurred to purchase commodities. This acts like a price increase for commodities

relative to leisure. In response, the household consumes less and enjoys more leisure (works less).
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The main cost of higher inflation thus relates to the higher transaction costs incurred.

Unlike the costs of high inflation rates shown in the upper panel, the benefits from inflating
the economy are not straightforward to quantify. We measure the degree of policy “leeway” the
monetary authority has by running positive inflation rates. More specifically, assuming that the
nominal rate is normally distributed around its mean (dependent upon the steady state inflation
rate), we calculate the average duration of non-negative interest rates.

The lower panel of Figure 1 plots how often the zero bound is violated under the estimated rule:
with the benchmark level of II = 1.01005 as the target inflation rate, the nominal rate becomes
negative roughly every 47 years. When the target inflation is lowered to 2% per annum, however,
the frequency of violation is about nine years, which is unacceptably often.

The message from Figure 1 is now clear: when choosing a target rate of inflation, the monetary
authority should weigh the efficiency gains in the spirit of Friedman against the costs from having
its hand tied down due to the zero bound on the nominal rate. This insight is corroborated in a
numerical exercise that follows.

4.2 Inflation and Welfare-maximizing Monetary Policy

We reasoned in the previous subsection that the welfare maximizing monetary policy rule bal-
ances the objectives of long-term efficiency and short-term stability. In this subsection, we construct
formal measures of efficiency and stability from the expected utility of a representative household.
We then discuss how a change in the inflation rate affects these two welfare components in terms of
the responses of household decision variables. We find the inflation rate that generates the optimal
mix of the two, and re-examine the trade-off between efficiency and stability when the long-run
inflation rate is varied.

The properties of the welfare-maximizing rule, dubbed (U1), are reported in the upper panel

of Table 1. The most conspicuous feature of (U1) is that it requires as optimal a very low level of
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long-run inflation, i.e., 0.12 % per annum, or equivalently, 2.9% of steady state annual nominal rate.
The rule also features i) considerable degree of policy inertia (i.e., p = 0.8844) in the terminology of
Woodford (1999); ii) leaning against the wind in responses to real output levels and changes (i.e.,
az = 0.4822, ag = —0.4806); iii) more aggressive responses to wage inflation than price inflation (i.e.,
a; = 0.4964, a5 = 1.4068); and iv) modest responses to money growth (i.e., as = 0.8844). Relative
to the estimated policy rule (reported in the appendix), the standard deviations of (Y, II;, R;)
under (Ul) are (1.0912,1.0945, and 0.4446). The relatively low variability in nominal rate seems
mainly due to the higher degree of policy inertia under (U1)%.

In order to see the effects of changes in target inflation on the two welfare components, we
find a constrained welfare-maximzing rule, dubbed (U2), for which the long-run inflation rate II is
fixed at the sample average of 1.01005. This constrained rule (U2) is reported in the bottom panel
of Table 1, where we observe i) lower degree of policy inertia; ii) more aggressive responses with
respect to nominal anchors; and iii) less aggressive counteraction against real output and its rate
of change under (U2).

Our conjecture is that the higher welfare under the unconstrained rule (U1) comes from efficiency
gains, while the constrained rule (U2) does better job in terms of stabilization. We now define both
efficiency and stability with respect to components of expected utility in (1): we decompose expected
utility into that associated with the first moments of the arguments (the sum of the steady-state
and conditional mean values) and that associated with the conditional second-moment values of
the arguments (variances and covariances). We then associate “efficiency” with the contribution
of first moments to expected utility and “stability” with the contribution of second moments to

expected utility. It directly follows that expected utility corresponding to any monetary policy rule

¥ According to Woodford (1999), the virtue of inertial adjustments in the nominal rate is that they signal how
serious monetary authority is about stabilizing its goal variables even in the distant future, exploiting the forward
looking behavior of the private sector in forming their expectations. In fact, the optimal interest rate rules in
Rotemberg and Woodford (1997,1999) exhibit super-inertia: for example, in Rotemberg and Woodford (2003), the
largest root 1.33 of the autoregressive polynomial for the nominal rate is greater than one.
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is the sum of efficiency and stability.

In the upper panel of Table 2, we compare contributions of first-moments of utility function
arguments for two steady-state inflation rates, II = 1.0003 (low) and II = 1.01005 (high). The
utility function is specified so that utility increases with respect to consumption and real balances
and decreases with respect to labor. Thus, the decomposition shows that an increase in inflation
has the effects described above: at the higher rate of inflation target, consumption falls, leisure
increases (labor falls), and real balances fall in the steady state.’

With respect to stability, higher inflation has been shown to increase the duration of non-
negative nominal interest rate. We maintain that the higher duration enhances stability by increas-
ing the number of times that the monetary authority is able to offset bad preference shocks. To
describe how monetary policy in this model can increase stability, we consider two cases. In both
cases, the economy is at equilibrium and is then subject to a negative money demand shock. In
the first case, the equilibrium nominal interest rate is zero, while in the second case, it is positive.
The negative money demand shock corresponds to a fall in the household’s desired holdings of real
balances. A decline in the demand for real balances in the first case will lead to an actual decline
in real money holdings of the same amount because the interest rate is zero and cannot fall. This
decline in money holdings leads to an increase in transaction costs, which then causes effects similar
to the case examined for higher inflation. However, in the second case, the monetary authority can
cushion the fall in real money balances by reducing the nominal interest rate (as would occur in the
market if the monetary authority fixed the money stock). In this case, the monetary authority can
lessen the welfare cost of an adverse demand shock, as the fall in the interest rate induces larger
money holdings. And the higher the inflation rate, the fewer times the monetary authority will be

facing the zero nominal interest rate constraint.

9The same pattern is also observed for the unconditional expectation of those variables.
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In the bottom panel of Table 2, we decompose the contributions of the second moment terms to
expected utility for the low and high inflation rates. Overall, we see that higher inflation increases
stability, as we have argued. The largest contributor to the gain in stability is a decrease in the
covariance of consumption and real balances. This is explained as a drop in the severity of effects
of negative demand shocks. That is, while negative demand shocks occur with the same frequency,
their effects are dampened more frequently when inflation is high.

Finally, we examine the characteristics of the optimal inflation rate. We first summarize what
we already know. Expected utility is the sum of efficiency and stability. As the inflation rate
rises, efficiency decreases and stability increases. At the optimal rate of inflation, the marginal loss
in efficiency must equal the marginal gain in stability. Further increases in inflation will decrease
efficiency and raise stability, and their sum must decline, because the initial inflation rate is optimal.
Similarly, a significant decrease in the inflation rate below the optimum will raise efficiency and
decrease stability, and their sum must decline.

Ml

We have found that the optimal inflation rate given our assumed parameters is the “low” infla-
tion rate above. Thus, the model is giving significant weight to both efficiency and stability, in the
sense that the optimal inflation rate falls between the deflation rate required by the Friedman Rule
and the positive inflation rate needed to generate a low probability of a zero nominal interest rate
realization. Although the optimal inflation rate is small, this is one of the few general equilibrium
models to find that is positive.
4.3 How Macro Objective Functions Lead to Flawed Policies

It is natural in a micro-based model to associate optimal policy with the one that maximizes the
expected utility of a representative agent. That is what we did in the previous section. However, it

also is possible to compute rules that maximize macro-based objective functions, such as those that

often appear in the literature. By comparing the rules and associated equilibria for the macro-based
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objective function with those for the utility-based objective, we are able to determine in what ways
the macro-based rules go astray. So, in this section, we compute the rule that minimizes a weighted
sum of the variances of output and inflation and then compare the equilibrium under this rule to
that under the optimal rule.

Table 3 reports the optimized rules (S1)-(S3) and corresponding welfare statistics for different
weight on output variability, with II fixed at the sample average. As the inflation variability gets
higher relative weights, we observe i) increases in the required degree of policy inertia and responses
to price inflation, ii) decreases in responses to real output and other nominal anchors such as money
growth and wage inflation, iii) decreases in standard deviation of inflation and increases in that
of output, and iv) increases in welfare. It is worth noting that, compared with the utility-based
rules in Table 1, the macro-based rules for OF in general show i) considerably lower degree of
policy inertia, ii) more aggressive responses to price inflation, iii) less aggressive responses to wage
inflation and money growth, and iv) lower welfare level.

One problem with the macro-based objective function is that it will encourage too high an
inflation rate. The welfare-maximizing rule leads to an optimal inflation rate as low as it is because
it recognizes that higher inflation reduces efficiency. The macro-based objective function does
not recognize this channel. It assumes that with respect to output, the objective is to minimize
deviations around a fixed target, which is usually taken to be its historical trend. Thus, policies
that lead to even higher growth will not be rewarded.

We check the inflation bias of macro-based rules by computing a (quasi) partial derivative. We
first compute the equilibrium under the macro-based rule when the target rate of inflation is set
at the welfare-maximizing rate. We then increase the target inflation rate to its sample average.
We find that the value of the macro-based objective function is higher at the higher inflation rate.

Thus, a policy maker using the macro-based objective function would opt for an inflation rate above

16



the welfare-maximizing rate.

A second problem with the macro-based objective function is that it encourages too much policy
activism; that is, the instrument will respond too much to incoming information. One way to see
this is to first imagine the welfare-maximizing rule assuming that there is complete information.!”
In this case, the policy would be a feedback rule with realizations of the fundamental shocks as
arguments. Moreover, policy would respond little, if at all, to technology shocks for which the
efficacy of monetary policy is questionable. It would respond more to preference shocks for which
it could potentially improve welfare. Now suppose that there is incomplete information and that
policy must be a feedback rule on the observed variables we specified: past interest rate, wage and
price inflation rates, and current and past output. The optimal rule under incomplete information
will try to come as close as possible to replicate the rule under complete information. That means
that it will try to distill the nature of the shocks from the observed variables in the feedback rule.
For instance, the nominal interest rate should be adjusted little to movements in output and prices
in the opposite directions since that likely reflects a technology shock.

In contrast, a macro objective function only responds to the variations in the variables it
includes. It does not distinguish among the sources of variation. Thus, a macro objective function
will lead to too much response in the interest rate to output and price variation caused by technology
shocks.

We support our contentions by simple simulations. We begin by identifying the historical
value of the shocks based on the estimated model and the historical realizations of the observed
variables. In Figure 2, we compute the deviations of key variables from their steady state values.
The deviations use the history of values for all the shocks and assume either our computed welfare-

maximizing monetary policy rule or the macro-based rule with the weight on output variation

10 Another way to see this is the lowere degree of policy inertia under the macro-based rules.

17



Ay = 0.1. The figures reveal that relative to the welfare maximizing rule, the macro-based rule:

° Leads to much less variation in the inflation rate,

. Leads to much more variation in the nominal interest rate (too much policy activism),
and

° Leads to somewhat more variation in real balances and labor supply.

We next compute in Figure 3 the responses of variables for shocks to technology, (A, a) only.!!
Two results are stark. One is that the interest rate under the welfare-maximizing rule barely
responds to these shocks, while the rate under the macro-based rule responds a lot. The other is
that inflation under the welfare-maximizing rule is allowed to vary a lot in response to technology
shocks, while inflation under the macro-based rule is essentially smoothed.

Finally, in Figure 4, we compute responses of variables to shocks to money demand, b, only.
While the paths of variables under the two rules are closer for the money demand shock than they
were for the technology shock, it is still apparent that the welfare-maximizing rule allows more
inflation variability than does the macro-based rule. However, for the money demand shock, the
interest rate under the welfare maximizing rule responds more than it does for the macro-based
rule.

In sum, it is clear from these figures that the welfare-maximizing rule attempts to distinguish
among the sources of shocks and act accordingly. It responds more to preference shocks than to
technology shocks. And it allows considerable variation in inflation. In contrast, the macro-based
rule allows too strong a response of the interest rate to technology shocks, and it does too much
smoothing of inflation.

A third problem with the macro-based rule is that it stabilizes the wrong thing. In Table 4, we

decompose expected utility (as in Table 3) for equilibria under the welfare-maximizing rule and the

1'We consider these two shock jointly, because they are allowed to be correlated at the estimation stage.
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macro-based rule with A\, = 0.1 and the target rate of inflation at its historical average. The top
panel indicates that the macro-based rule leads to less efficiency. This is expected because it leads
to higher inflation. This channel is evidenced by real balances being lower under the macro-based
rule. But surprisingly, the macro-based rule also leads to less stability. Apparently, stabilizing
output and inflation does not directly translate into utility stabilization, which mainly depends on
the second moments of consumption, leisure, and the real balance.
4. Conclusion

Although some of the results in this paper are specific to our model, we believe that there are
two general ones that have relevance for current monetary policy. First, a target of price stability is
probably not far from optimal. It comes close to balancing the efficiency of a Friedman Rule with
the stability of a positive nominal interest rate bound. Second, if policy attempts to stabilize output
and/or inflation, it will be too active. The stability of output is not a good proxy for the stability
of utility, a function of consumption, leisure. Moreover, fluctuations in inflation are ddesirable
when they reflect technology shock, the main force driving the economy. A policy that attempts to
neutralize fluctuations in output caused by technology shocks will interfere with optimal individual

adjustments to consumption and leisure.
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6. Appendix (I) : Model and Estimation.

Al. Firms and Price Setting
During period ¢, an individual firm j € [0, 1] hires K;; units of physical capital (from households)
and Lj; units of aggregate labor service (from the aggregator), and produce Yj; units of its own

product. All firms have the identical CRS production technology
Yjr = AK (g Ljr)' %, g > 1 (A1)

where g is the rate of deterministic labor-augmenting technological growth, and A; and oy are the
aggregate productivity shock and the capital share shock oy, respectively.

Each firm sells its differentiated output to the aggregator, who uses a CRS technology
1
Y= (/ Y i)™, Oy €[0,1] (A2)

to transform the differentiated products into a single output Y;. The implied demand function for
the firm j’s output Yj; is

iji — (&)01/%1}/2 (A3)
where the aggregate price level P; is defined as

Oy —1 0y —1

P, = (/ P; dj) o . (A4)
Nominal rigidities in the goods market take the form of price adjustment costs

@ P 2
ACh = 22 (2 1,4 v, A
Cy 5 <%7t_1 t—1 t (A5)

where Pj; is the price of the firm j set in period ¢, and II;_; = P,_;/P;_2 is the inflation rate
prevailing in period ¢ — 1. Equation (A5) implies that both the price level and the inflation rate

are sticky.
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The firm j is assumed to solve its profit maximization problem through two steps. First, given
aggregate price level and factor prices, the firm solves the cost minimization problem. Second,
given the cost function thus derived, it determines the optimal price Pj; to charge by solving the

following profit maximization problem

> [BrA PjYy - MC D
max Fy [t;) e 2 Y 2 AC, (A6)

where ﬁ;ﬁt is the discount factor for its real profit between period 0 and ¢, and A; = f[o 1 Agdi
is the average marginal utility of consumption across all households.'> The marginal cost MCy,
common to all firms, is independent of the output level due to the CRS production function.

The FOCs for (Kj, Ljt, Pjt) require

Lit — Qi/P1— oy

gt _ A7
Kjt Wt/Pt O ( )
MC,  Wi/P
P, MPL, (A8)
1 0(PYje) _ MC; 0Yj 8AC§7t BAt41 aACftJrl (A9)
P, 9P P, 0Py dPj; “ITA 0Py '

where M PL; is the marginal productivity of labor, and @) is the rental price of capital.

A2. Households and Wage Setting

From the previous period ¢t — 1, an individual household i € [0, 1] carries M;;_1 units of nominal
money, B;;—1 units of government bond, and K;; units of physical capital. In the current period
t, the household earns factor income WjL; + Q¢ K from renting capital K;; and labor service
L, where Wy and @; denote the nominal wage rate and nominal rental rate for capital, respec-
tively. The interest income from government bond holding is (R;—1 — 1)B;;—1 with R, being

the gross nominal interest rate between period ¢-1 and ¢. The household receives dividend income

'21f all households are identical and have the same shares T';;; of firm j € [0, 1], the assumption of complete markets

establishes the unique market discount factor % between period 0 and t.
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f si;1ij¢dj from firms, where s;; and I';;; are household 4’s fixed share of firm j and the profit of
firm 7, respectively. The household also receives a lump-sum nominal transfer payment 7;; from
the government.

The household ¢ uses its funds to purchase the final good from the aggregator at the price of
P;, and divide its purchase into consumption Cj; and investment I;;. In order to make new capital

operational, the household needs to purchase additional materials in the amount

-q2
Iy T
ACE = ‘%K [Kt - % K (A10)

where I;y = K441 — (1 — 04) Ky is the real investment spending, ¢z > 0 is the scale parameter
for the capital adjustment costs, and % is the steady state ratio of investment to existing capital
stock. Dubbed the depreciation shock, d; denotes the stochastic decay rate of capital stock. The
household then carries M;; units of nominal money, B;; units of government bond, and Kj; ;1 units
of capital into period ¢t + 1.

Therefore, the household ¢ maximizes its lifetime utility

> M;
EO[E BU(Cit, Lit, B ), 0<B<1 (A11)
=0

subject to the budget constraint

My M;y—1 By Bt

i+ K — (1= 00)K; — % 4 ACk
Cit + Kipy1 — (1 — 01) Kyt + 2 5 TP BT ck

< WitLi n Qi Kt L+ Tt L+ [ sijTijedj n (Ri—1 — 1)Bi,t71’
P, P, P, P, P,

t>0 (A12)
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where the instantaneous utility function U(:) in (A11) has the form!3
U(CityLimMit/Pt) = %log( zyt + b (Mlt/Pt)U) + (1 — at) lOg(l — Lit), O<a<l, v<O (A13)

with b; and a; being the money demand shock and the labor supply shock, respectively.'*

As in the goods market, the demand for household i’s individual labor service is

Wzt

L —
1t ( Wt

VETL, 0 € [0,1] (A14)

where the aggregate labor supply L; and aggregate wage are defined as

1 9L 1 . 0r—1
Lt:(/ L di)or = /I/V,Lt di) ¢ . (A15)

Each household, when changing its nominal wage, pays the quadratic costs of the form

o (Wi F Wi
ACY = =& | I i Al
it 2 (Wiﬂf]_ tl) Pt ( 6)

where II}Y | = W;_1/W,;_ is the gross wage inflation rate at period ¢ — 1, and ®,, > 0 is the scale
parameter for the degree of nominal rigidity in the labor market.

Utility maximization requires the following first order conditions:

Uy
30@5 — A’Lt (A17)
1— Ry = by(Cy P/ M) ™" (A18)

13 As discussed in Feenstra (1986), one can construct an isomorphic model in terms of transaction costs, by redefining
C™ in the utility function (A13) as the usual consumption and replacing C' in the budget constraint (12) with

1
o[ (M/P\]Y
C_Cx{l b(c*)}

where C** represents the gross spending on consumption inclusive of (multiplicative) transaction costs. The ratio
C**/ C* (evaluated at the estimated steady state) is 1.0006, implying transaction costs are a reasonably small fraction
of consumption C*.

MThe steady state level of a; is equal to a.

15 Nominal rigidites can alternatively be specified via Calvo-style contracts, under which the model has the same first
order properties. In that case, however, the way labor service enters U(+) in (13) prevents the equlibrium conditions
from being cast into what is suitable for the second order solution method used later for welfare calculations. There-
fore, the welfare imlications in the present work are to be interpreted on the caveat that the inefficient distribution
of work hours across households is ignored.
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DACE OACF,
Ag {1 + 8Ki,t+1} = BE; [Aii1 (Qt+1/Pt+1 +1— 0441 — Ty (A19)
Py
Ait = BRLE, Ai,t+1P_ (A20)
1
IR 1
Wi | -9 Wi | 7= Wy 1 [ Wit ] Wi
MRS; = 60 — +—(1-90 -1’ | —=
[WJ ' g [Wt] A I S
+5(1 —0r)ow B Aiti1 <VVi,t+1>2 Wit Wi
Ly At W; Py Wy
BL—=00)ow o [Nt Wis1r Wigg1 Wy
_ E L ) A21
Ly "N PPy Wi W (A21)
MRS = (1—a)C;" 77 (1 = Lyy)-e)-o)=15 1 (A22)

where M RS;; is the household i's marginal rate of substitution between leisure and consumption.
A3. Closing the Model

The government is assumed to maintain balanced budget every period by financing the total

lump-sum payment to households with the seigniorage gain and issuance of net debt:
Ty =My — My 1+ By — Ry_1By 1 (A23)

where Tj = [} Tyudi, My = [} Mydi, and B, = [} Bydi.
In the benchmark economy to be estimated, monetary policy is specified as a generalized feed-

back rule of Taylor (1993)

Ry Ry IL; Y, MG,
08 — = prlog — + (1= pg) | 7= log = T 85 +mlog == +ene PR (A24)

where R is the gross nominal interest rate, MG is the growth rate of nominal money, R is the steady
state gross nominal interest rate, all in the steady state. 1I; and M G, are the rates of gross inflation
and money growth, respectively, between period ¢ — 1 and ¢, and Y, is the deterministic level of

output at period ¢. II is the long-run level of inflation rate the monetary authority maintains. The
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monetary policy disturbance €, is a white noise with mean 0 and variance o2 and independent of
all other disturbances in the model.
Beside the monetary policy disturbance eg;, the model is driven by five structural shocks

(A¢, ag, 0t by, hy), each of which follows a stationary AR(1) in logarithmic form
X Xt—
log % = p; log —% L Ext (A25)

where  is the steady state level of x;, and ¢, is a white noise with mean 0 and variance ai. The
six innovations are uncorrelated with one another, except that those in A; and oy are correlated
because they appear jointly in the production function.

Most of the model’s real and nominal variables inherit deterministic trends due to the constant
rate of labor-augmenting technical progress (g) and the long-run rate of inflation the monetary
authority maintains. I deflate those variables by their respective deterministic growth rates, and
use lowercase letters for the resulting stationary-transformed variables. In what follows, I focus
on a particular symmetric equilibrium in which all firms and households make identical decisions.
Equations describing this stationary-transformed symmetric equilibrium of the model are given in

the appendix.
A4. Estimation

The system of equations describing the stationary symmetric equilibrium of the model can be
cast into the form

\I’(Zt, Zt—1, Et) + Eﬁt =0 (A26)

where ¢; is the vector of the six innovations, and 7, is a vector of endogenous errors satisfying
E;_1m, = 0, for all . The N-dimensional system vector z; is decomposed as zz = (2}, 25;),

where z9; denotes the Na-dimensional auxiliary variables used to denote conditional expectation

27



terms, and zy; is the (N — N3) dimensional vector of all other variables including all exogenous and
endogenous state variables
A log-linear approximate solution of the model can be obtained using the method by Sims

(2002), and the resulting solution takes the form

dlog zy = g1dlog z;—1 + ga&y (A27)

where ¢g; and g9 are complicated matrix functions of the model parameters, and dlog z; is the
log-deviation of the system variables from steady state. With a selection matrix H that singles out

the observables from the state vector z¢, I have the following state-space representation:

transition equation :  dlogz; = g1dlog z;—1 + gags, et~ 1IN (0,X,)

observation equation : dlogw; = Hdlog z (A28)

where w; denotes the variables corresponding to the observable data series and 3. is the covariance
matrix of the innovations e;. From (A28), it is straightforward to construct a Gaussian likelihood

function for the entire parameter vector 6:

T
ti_jl log [1-1%37 (0)]

N =

LT<9 ‘ Zl,...,ZT):—

[d1og 2z —¢—1 dlog z(0)] [-1%7 (0)] " [dlog 2 —¢—1 dlog z4(0)] (A29)

H
Il
—

|
N =
M=

where ;_1dlog z:(0) and ;137 () are one-step ahead forecasts of mean and variance of dlog z,

respectively, and 7' is the sample size. For ¢ = 1, the unconditional mean (which is zero) and
variance of dlog z; implied by the first order solution (27) are used for ;_jdlog z:(0) and ;1% (0),
respectively.

The raw data used for estimation summarized, in Table A1, are extracted from DRI BASIC
economic series for the sample period 1959:Q1-1999:Q3. The following six series are used for the

actual estimation purpose: per capita output (Y'), per capita labor hours (L), rate of price inflation
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(IT), the growth rate of per capita money balance (MG), interest rates (R), and wage inflation
rates (IT*). To express the data series conformable to their model counterparts, output and money
growth are suitably transformed via population size. Per capita labor hours are obtained by dividing
weekly working hours by 120, under the assumption that each worker is endowed with 5 working
days per week. The resulting series imply households devote 33.8% of their time endowment to
working. Since federal funds rates are measured in annual percentage rates, I transform them into
quarterly rates by dividing by 400 and adding one. Price and wage inflations are obtained by
log-differencing the price and wage series.

Some structural parameters are fixed before estimation: steady state values of capital share @
and depreciation § are fixed at 1/3 and 0.025, respectively. The market power fy in the goods
market is fixed at the conventionally calibrated value of 0.9, because only two of (A, 60y,0r) are
identified from the series on output and labor. Assuming the Fed has been successfully managed
the inflation rate around its “long-run target” level, I fix the steady state inflation rate II at its
actual average 1.01005 over the sample period. Two parameters (v,b), crucial to the form of money
demand and welfare calculations, are estimated by running calibration and estimation jointly. I first
fix the steady state consumption velocity V' = PC/M in equation (18) at its actual average over the
sample period. Then, at each step of maximizing the likelihood function, I use the resulting relation
to determine b given all other candidate parameters. Table A2 summarizes the functional forms of

the model equations and the estimates of parameters, with standard errors in parentheses. '

A5. Quadratic Approximate Solution

As discussed in Sims (2000) and Kim et al. (2003), correct welfare evaluations in terms of utility

levels require higher order accuracy of the model solutions beyond those by the conventional log-

16The standard errors are constructed from the numerically computed Hessian at the optimum.
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linear methods. I use the second order approximate solution method developed and extended by
those authors in order to compute the paths of the first and second moments of dlog z; conditional
on an state Qo : {E[dlogz | Qo],Var|dlogz | Q],t=1,2,...}. In the following analysis, the
initial state g comprises the unconditional first and second moments of dlog z;, calculated by the
same solution method given the estimated monetary policy rule (A27).

The method used here is the second-order accurate solution developed by Sims (2000). Under
a set of regularity conditions, a unique and stationary second order accurate solution to (A26) is

given by

21t = Frjzije— + Fojeje + F3 (A30a)
+0.5 (F114jk21j,t—121k,t—1 + 2F12i6215,0—16kt + Fo2ijkejtcie)

Zoit = Sizue + TiMijezjeziee + TiMo; (A30Db)

where z; = logz; — logZ denotes the % deviation of z; from its deterministic steady state, and
S, T, F's, and M's are matrix functions of the deep parameter of the model. In particular, the
terms F3 and My represent the degree of certainty non-equivalence. Note that equations in (A30)
utilize the tensor notation for the simplicity of exposition. For example, the term F'1;,21;t—121k¢—1
can be interpreted as the quadratic form in terms of lagged Z; for the i*" equation, constructed by
the lag of Z1¢.

Once the solution of the form in (A30) is obtained, we can recursively calculate the first and
second conditional moments {Ep [dlog 2], Varg[dlog z:],t > 0} which will be used evaluate the

welfare implications of minimizing alternative objective functions of the monetary authority.

A6. Calculating conditional first and second moments By using equation (A30a) recur-
sively, we can compute {p,, X1t,t = 1,2, ...}, the conditional first and second moments of z7, from

which the welfare measure OF} is constructed. For the sake of second order accuracy, all terms
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of orders higher than two may be dropped out: accordingly, only the first two terms in equation

(A30a) describe the evolution of the conditional variances of Zy; :

Y1t = FlEltFl’ + F2Z€F2, (A?)l)

where F; and F; are the matrices of the coefficients on 2 ;1 and ¢, respectively, representing the
first order parts of the solution.
Recursive calculations of py; are more involved. The subsystem (A30a) is first re-written in an

expanded form as

Zie = FizZig1 + Foer + F3
1 1 1
?1,15—1F1(1)?1,t—1 ?1,1:—1F_1(2)5t 1 5tF2(2)5t
+5 : + : +5 : (A32)
N N N
z\i,tlel(l 1)?1,1&71 %\i,tlel(Q 1)5t 5tF2(2 1)515

where F3 is a N7 X 1 column vector, and Fj(i)ls are the matrices constructing quadratic terms for

the i equation in the second order solution (A30a).

Taking expectation of (A32) conditional on g, I get

pie = Fipgg o+ F3 (A33)
tr (S ) tr (2P
+§ + )
tr () tr (zF)

where tr(-) is the trace of a square matrix. One can calculate {p;, 21+ : t > 1} recursively by using

(A20) and (A22) jointly given some initial condition Q¢ = (p1¢, X10) -
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TABLE Al: RAwW DATA SERIES

output : gross domestic products, billions of 1992 dollars.

employment : average weekly hours of production workers in manufacturing sector.
price : implicit price deflator for gross national products.

money : M2 stock, billions of current dollars.

interest rate : federal funds rate, per annum.

wage : index of compensation per hour in nonfarm business sector, 1982=100.
population civilian population, in thousands.

Note : All series, except for interest rate and wage, are seasonally adjusted.

TABLE A2: FUNCTIONS AND PARAMETER ESTIMATES (I = 1.01005)

Functional Forms

Estimates and Standard Deviations

Yy = A K (g Ly) e

BtU(CtaLta %)
— Bllog [C7(1 — L)' =]

L= ()7L,
ACF = %K([% — £)2K,
log % = pp + (1= pay)x
log = + 7y log —i— Ym 108 37 MG*
+€Mt
P P Pjt 2
AClt__(Pt 1_]-_-[t 1) }/i
2
0% 0%
ACY = 2w (thl —me,) %
log £¢ A — PA
1og— = Pa
10g 5 = pPs
log % = p,
log %+ = p, lo

A=5.5668(0.0718), g=1.0056(8.8x1075)

B = 0.9986(0.0003),
a = 0.4681(0.0016)

v=-22.7561(0.4765), b =0.0008(5.5x1075)

01, = 0.6888(0.0087)
o), = 16.8456(1.5501)

pr = 0.1395(0.0112), v,=0.8042(0.0045)
7, =4.4x107%(4.5x107°), ~,,=0.4276(0.0187)
o3 =43 x107°(5.2 x 107°)

®, = 10.0970(0.7393)
d,, = 22.0341(0.7025)

p4=0.9761(0.0002), 04=0.0012(9.9x10~°)
£0=0.9690(0.0015), 02=0.0003(2.7x1075)
p5=0.9563(0.0012), 02=0.0129(0.0021)
»=0.9450(0.0022), 07=0.0716(0.0078)
pa=-0.4573(0.0482), 02=0.0319(0.0046)
cov(e at, €ar) = —0.0006(5.0x107°)
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TABLE A3: MODEL AND DATA MOMENTS

Model Prediction U.S. Data
Series Steady State Std. dev. Mean Std. dev.
Output, y 13.3297 0.0846 13.5535 0.0468
Labor, L 0.3310 0.0340 0.3382 0.0176
Inflation, II 1.01005 0.0083 1.01005 0.0063
Money Growth, MG 1.0155 0.0161 1.0144  0.0097
Interest Rate, R 1.0174 0.0082 1.0164  0.0063
Wage Inflation, IT% 1.0155 0.0111 1.0142  0.0076
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7. Appendix (II) : Tables and Figures

Table 1: Optimized Rules for OF;

Coeff. Std. Dev.
Rule II ) al as as a4 as Welfare Y II R
1.0003
Ul (free) 0.8844 0.4964 0.4822 -0.4806 0.1885 1.4068 | 611.2754 | 1.0912 1.0945 0.4446
1.01005
U2 (fixed) 0.8727 0.5086 0.4683 -0.3159 0.2420 1.8332 | 611.0778 | 0.9120 1.2106 0.9297
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Table 2: Welfare Decompositions!”

Ul U2
Dis Dis
Weight iscounted Contribution | Weight iscounted Contribution
sum sum
[1] Welfare 611.2754 611.0778
[2] Efficiency 612.2771 611.9987
Steady State
U 606.7934 605.8955
C 9.6441 9.5921
L 0.3363 0.3345
RM 8.8233 8.4705
Mean Effects
U - - 5.4837 - - 6.0992
C 0.4650 44.8971 20.8772 0.4613 47.1219 21.7352
L -0.2695 57.6827 -15.5442 -0.2673 59.9627 -16.0921
RM 0.0031 48.8557 0.1515 0.0069 57.3349 0.3931
[3] Stability
U - - -1.0017 - - -0.9209
C -0.2674 7.9156 -2.1166 -0.3075 8.2632 -2.5409
L -0.0683 0.9314 -0.0636 -0.0672 0.9324 -0.0626
RM -0.0365 9.4695 -0.3455 -0.0803 11.6456 -0.9351
(C,RM) | 0.0698 8.1647 0.5699 0.1537 9.4334 1.4503
(C,b) -0.0031 -0.6018 0.0019 -0.0068 -0.7239 0.0048
(L.a) 0.2371 3.7734 0.8947 0.2353 4.4129 1.0382
(RM,b) | 0.0031 18.4393 0.0572 0.0068 18.8537 0.1274

"Negliegible terms ignored, the sum of individual contributions does not exactly match efficiency or
stability.
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Table 3: Optimized Rules for OF; (II = 1.01005)

Coeff. Std. Dev.

p al as as a4 as Welfare Y R II

0.0159 3.5883 1.0457 -1.0667 0.0321 0.5152 | 609.8514 | 1.0426 0.5734 0.5556

0.1546 44.9160 0.1983 -0.2152 0.0152 0.0335 | 610.3316 | 1.1187 1.5726 0.0492

0.1713 46.1230 0.0084 -0.0228 0.0004 0.0289 | 610.3834 | 1.1238 1.6660 0.0319
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Table 4: Welfare Decompositions'®

Ul S3
Dis Dis
Weight iscounted Contribution | Weight iscounted Contribution
sum sum
[1] Welfare 611.2754 610.3834
[2] Efficiency 612.2771 611.5154
Steady State
U 606.7934 605.8955
C 9.6441 9.5921
L 0.3363 0.3345
RM 8.8233 8.4705
Mean Effects
U - - 5.4837 - - 5.6199
C 0.4650 44.8971 20.8772 0.4613 44.7015 20.6187
L -0.2695 57.6827 -15.5442 -0.2673 57.3446 -15.3292
RM 0.0031 48.8557 0.1515 0.0069 48.1931 0.3304
[3] Stability
U - - -1.0017 - - -1.1320
C -0.2674 7.9156 -2.1166 -0.3075 8.6625 -2.6637
L -0.0683 0.9314 -0.0636 -0.0672 1.8273 -0.1228
RM -0.0365 9.4695 -0.3455 -0.0803 10.7809 -0.8657
(C,RM) | 0.0698 8.1647 0.5699 0.1537 9.1633 1.4087
(C,b) -0.0031 -0.6018 0.0019 -0.0068 -0.1521 0.0010
(L.a) 0.2371 3.7734 0.8947 0.2353 4.1365 0.9732
(RM,b) | 0.0031 18.4393 0.0572 0.0068 20.1384 0.1360

18 Nnegliegible terms ignored,
stability.

the sum of individual contributions does not exactly match efficiency or
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Figure 1: Efficiency and Policy Effectiveness
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Figure 2: Simulated paths under alternative rules: all shocks.
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Figure 3: Simulated paths under alternative rules: (A, «) shocks.
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Figure 4: Simulated paths under alternative rules: b shocks.

41



