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Abstract

Legislative and implementation lags inherent in the political process often allow private
agents to receive news about their future tax rates, a phenomenon known as fiscal, or more
specifically tax, foresight. This paper investigates the effects of fiscal foresight on monetary
policy under various assumptions about the information set of the monetary authority. We
examine the welfare effects of tax foresight and how such foresight affects the monetary au-
thority’s ability to implement its policy. Our model is a simple version of the dynamic sticky
price models extended to include possible foresight about changes in distortionary taxes. We
find that the optimal response of the interest rate to anticipated tax changes can be qualita-
tively different from the response under a simple Taylor rule and that welfare rankings under
foresight depend crucially on the welfare measure. In addition, identification issues present
when the monetary authority has partial information about the state of the economy make it
impossible for the monetary authority to recover the correct structural disturbances from its
observable variables. This, in turn, causes the monetary authority to induce history dependence

in endogenous variables and worsen the welfare of private agents.

1 Introduction

Information about when and how taxes will change is often released in advance of an actual tax
alteration, giving agents “fiscal foresight” or foreknowledge about future fiscal adjustments. Such
foresight can result from two types of lags that mainly are attributed to the political process: a
“legislative lag” between when a tax law is proposed and when it is passed and an “implementation
lag” between when the legislation is signed into law and when it actually takes effect. The length
of these lags can vary depending on the particular legislation considered. Yang (2007a) documents
that the average implementation lag alone is seven months in the postwar U.S. history. Nonetheless,
it is not unusual for economic models to assume that changes to fiscal policy are unanticipated by

the private sector and the monetary authority. While economists do not doubt the presence of tax
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foresight, its theoretical implications remain largely unexplored. This paper investigates one such
area, fiscal foresight’s influence(s) on monetary policy, by seeking to characterize the welfare effects
of tax foresight and how such foresight affects the monetary authority’s ability to implement its

policy.

Previous theoretical and empirical research on fiscal foresight is limited. Using a narrative ap-
proach to identify U.S. tax changes, Romer and Romer (2007) and Mertens and Ravn (2008) find
that unanticipated and anticipated tax changes have different effects on output and investment.
Theoretical results of Mertens and Ravn (2008) and Yang (2005) seem consistent with these em-
pirical findings. These results suggest that foresight has nontrivial consequences and that it is
important for understanding movements in aggregate variables. Others' also have found evidence
for tax foresight and documented some of the theoretical consequences of its presence. This paper
extends the theoretical analysis of fiscal foresight to a simple New Keynesian model and examines
the effects of foresight under various assumptions about information set of the monetary authority.

Specifically, this paper addresses two questions:

e What is the optimal monetary policy response to unanticipated and anticipated tax rate

changes?

e If the central bank’s information set is limited, how does tax foresight affect its ability to

achieve its optimal monetary policy?

We investigate these issues in a simple Calvo pricing model extended to include possible foresight
about changes in distortionary taxes. We find that anticipated tax rate changes lead to a higher
unconditional welfare loss than unanticipated changes because news of a tax rate change increases
the variances of endogenous variables by introducing moving average components in the solution
paths of variables. However, we find the additional welfare loss due to the presence of fiscal foresight
is quite small. In addition, we find that conditional on the history of disturbances, anticipated tax
rate changes can be welfare improving because foresight gives agents more information about the
expected value of future endogenous variables and this informational gain can improve the agents’
welfare. Also, we find that in the presence of fiscal foresight, some simple, “implementable” rules
(specifically certain Taylor rules?), often result in the monetary authority responding to fiscal news

by moving the interest rate in a direction opposite to that under the optimal monetary policy.

We then consider the effects of monetary policy when there is a particular type of asymmetry
between the information available to the central bank and that available to the private sector. In

order for the central bank to implement its monetary policy, it needs to know the realizations of

'Notable examples include Branson, et. al. (1985), Poterba (1988), Leeper (1989), Yang (2007b), and Leeper,
Yang, and Walker (2008).

2See Schmitt-Grohe and Uribe (2004a, 2007) for examples of so-called simple, “implementable” monetary policy
rules.



the current structural disturbances. In a real economy, it is very difficult for the central bank to
directly observe such variables. Furthermore, it is difficult for the central bank to convert news
about future tax rates into specific values by which the tax rate will move in the future. Although
central bankers read newspapers and receive information about future tax rate changes, it can be
hard for them to pinpoint the exact amount and nature by which aggregate tax rates change. For
these reasons, we assume that the central bank only observes a subset of all economic variables
and does not observe the underlying history of structural shocks or fiscal news in the economy.
This complicates matters for the central bank in that the monetary authority must estimate these
disturbances in order to implement its policy. In contrast, we assume that private agents have
complete information about the current state and history of the economy. Thus, the information

set of the private agents is strictly larger than that of the central bank.

We assume that the central bank uses the Kalman filter to optimally extract information about
the structural disturbances from its observables. We follow the method of Svensson and Woodford
(2004) to solve for the monetary authority’s optimal policy in such an environment. As is shown
in Svensson and Woodford (2004), even if the monetary authority and the private agents have
asymmetric information, certainty equivalence holds in the sense that optimal policy response to
estimates of the state of the economy is independent of degree of uncertainty present. However,
the separation principle does not hold, since the central bank’s estimation is not independent of its
chosen policy and the bank’s limited information can affect the structure of the equilibrium. In the
absence of fiscal foresight, partial information has no effect and the solution paths of endogenous
variables are the same as those with full information. However, in the presence of fiscal foresight,
the central banker is not able to correctly estimate the exogenous disturbances in the economy. This
ultimately causes the monetary authority to induce history dependence in endogenous variables and

worsen private agents’ welfare.

The identification problem, as noted by Leeper, Walker, and Yang (2008), is due to the fact that
when fiscal foresight is present, the solution paths of variables have a VARMA(1, ¢q) representation,
where ¢ represents the number of periods of fiscal foresight3. There is no guarantee that a VARMA
model has an invertible VAR representation, and as shown by Leeper, Walker, and Yang (2008),
with foresight the VARMA model is not invertible. With fiscal foresight, the structural disturbances
span a strictly larger space than do the observables, creating an identification problem. Instead
of recovering current structural disturbances, the central bank recovers a linear combination of

current and past structural disturbances.

This leads to a potential problem for setting monetary policy as the monetary authority responds

to statistical innovations that are in fact different from the underlying structural disturbances in

3This is the case when there is a labor/leisure trade-off in the economy. As noted by Leeper, Walker, and Yang
(2008), in a RBC model with capital accumulation and no labor choice, the solution paths have a VARMA(1,q — 1)
representation. Leeper, Walker, and Yang (2008) also note that the form of the VARMA representation depends on
how news is modeled.



the economy. This, in turn, causes the equilibrium of such a model to differ from the equilibrium
that the monetary authority desires to reach (i.e. the one where the monetary authority responds to
the structural disturbances). We quantify how the resulting equilibrium differs and find that when
the central banker only has partial information about the economy, the optimal monetary policy
can alter the solution paths of endogenous variables and, in general, create history dependence.
In addition, the resulting equilibrium reduces the welfare of private agents. Previous research
investigating the effects of partial information on optimal policy has found similar results (see Aoki
(2003),(2006)). However, our results differ in that it holds even when the central bank has perfect
information about a subset of variables in the economy, whereas previous research has focused on
cases where the central bank observes a subset of variables with measurement error. We find that
foresight alone affects the monetary authority’s optimal policy and show how foresight changes

some of the properties of optimal policy.

This paper is organized as follows. Section 2 solves for the optimal monetary policy when fiscal
foresight is present in the economy and the central bank has complete information about the state
of the economy. In addition, it examines the welfare consequences of fiscal foresight and discusses
the differences between the monetary authority’s response under optimal policy and various Taylor
rules. Section 3 sets up and solves a model where the monetary authority has limited information
about the state of the economy and uses the Kalman filter to estimate structural disturbances. It

then examines the consequences of such a policy. Finally, section 4 concludes.

2 Foresight Implications with Full Information

We begin by discussing the model used for our analysis and investigating the implications of fiscal
foresight when the monetary authority has full information about the state of the economy. We
assume the monetary authority implements a policy that minimizes the welfare losses of private
agents. Specifically, we consider the effects of both discretionary policy and optimal policy from a
timeless perspective, as defined in Woodford (1999b).

Our model is a simple version of the dynamic sticky price models which are often found in
the recent literature on monetary policy. The structural equations of the economy consist of a

log-linearized Phillips curve and a consumption Euler equation given by

w7 = &Y+t + BER 1 + (1)
Vi = EYi —o(is — Eiftenr) (2)

where %t, 7, and Y; are the nominal interest rate, inflation rate, and level of output at time ¢,
respectively. All three are measured in percentage deviations from their steady-state values in a

steady state with zero inflation. The parameter x > 0 is a measure of the speed of price adjustment,



(B € (0,1) can be interpreted as the discount rate, ¢ > 0 is a measure of the effect of distortionary
taxes, and ¢ > 0 can be thought of as the intertemporal elasticity of substitution of expenditure.
The tax rate at time ¢, 74, enters the Phillip’s curve as an exogenous disturbance to production.
We abstract from any fiscal financing consequences of modeling such a tax process and assume that
lump-sum taxes/transfers exist and adjust each period so that the government’s budget constraint
is met. We also introduce a second supply shock a; in the Phillips’s curve which we will refer to as
a shock to technological productivity. Equations (1) and (2), along with a monetary policy reaction
function which sets the nominal interest rate, determine the equilibrium paths of inflation, output,

and the interest rate.

To introduce tax foresight into the model, we must specify how news about taxes signals changes
in future tax rates. In order to illustrate the effects of tax foresight and keep the model as simple
as possible, we assume that tax information flows take a particularly simple form: agents at time ¢
receive a signal that tells them exactly what tax rate they will face in period t+j. The log-linearized
tax rule is then given by

#o=uf g, U~ N(0,02) (3)

The subscript on u” indicates the period in which information about the value of u” is received.
Thus, j denotes the degree of fiscal foresight present in the model. Note that this tax rule im-
plies that agents and the central bank at time t have perfect knowledge of {74, 7¢4+j—1,...}. For
concreteness, we assume that a; evolves according to the process

ay = uy, u®~ N(O,O’Q) (4)

a
where uf and u] are independent and serially uncorrelated at all leads and lags.

The welfare loss the monetary authority seeks to minimize is the expected discounted sum of

period loss functions

> (%t + it ®

where ¢, is the welfare relevant output gap, expressing the difference between output and its efficient
level. Since there are two cost push shocks in the model, a; and 7, the output gap can be written
as gy = Y, + 040s + 0,7 for some parameters oq, 0r € (0,00)*. E[-|I] represents the expectation
with respect to the central bank’s information set. For the time being, we assume that the central
bank and private agents have the same information set and that both have full information about
the state of the economy. Benigno and Woodford (2005) show that this loss function is a quadratic
approximation to the sum of the expected utility of a representative agent in a Calvo sticky price
model. Thus, ranking policies in terms of L is equivalent to ranking policies based on utility
maximization. For reference, the underlying New Keynesian model assumed for the loss function’s

derivation is reproduced in appendix A, and the derivations of the loss function, along with the

4Appendix B derives the relationship between o, and o- and the deep parameters of the model.



structural equations (1) and (2), are presented in appendix B. The loss function (5) is minimized

subject to equations (1) and (2).

For future reference, note that equations (1) and (2) can be rewritten in terms of the output gap:

T = KUt + BE 41 + Voly + 7Ty (6)
9t = Eyjes1 — o(iy — Byfpgr) + 1t (7)
where
Vo = 1—Kga, Vr = ’{(dj - QT)
Ty = 040 + 077t — Ei(0alit1 + 077141)

and, following Woodford (2003), r}* is the natural rate of interest.

2.1 Discretionary Policy

In this section we examine optimal discretionary policy under various degrees of fiscal foresight.
Under discretion, the central bank has no control over the agent’s expectations and takes them as
exogenously given. Letting ¢ be the Lagrange multiplier on equation (1) and A be the Lagrange

multiplier on equation (2), the first order conditions of the central bank’s problem in this case are:

Qﬂ*ﬁ't"‘(ﬂt =0
Qe + M — ko =0
O')\t =0

These conditions imply that A\; = 0 and the constraint from the consumption Euler equation,

equation (2), is not binding. From these first order conditions we get an inflation targeting rule:

~ —qy .
T = —=7 8
! qr R ¢ ( )

Substituting this equation into the Phillips curve, equation (6), leads to a difference equation that

can be solved for the solution path for the output gap. This difference equation can be written as:

1— [1(1+ “2q”)]_131 = — [1 <1+ ”2(’“)}_1“%( “ag + V)
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where B stands for the backshift operator. Assuming 1 < %(1 + “23”), the solution path for the

output gap is given by

o0 1 ﬁ2qﬂ- —(3+1) K
Qt = —Et Z |:ﬂ <1 + qy >:| m(Va&t_i_j + VT7A't+j) (9)
=0

Given our assumptions about the stochastic processes 7: and a¢, the solution for the output gap

then reduces to

— K
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The output gap decreases with either news of a tax increase or the realization of a tax increase.
Moreover, more recent news is discounted relative to distant news. Although tax rates are dis-
counted in the usual way (this can be seen from equation (9)), tax news is discounted in the

opposite manner, because more recent news affects tax rates farther in the future.

Substituting the solution for the output gap into the targeting rule, equation (8), gives the

solution for the inflation path:

1
Up_jq+ ..+ Uy (11)
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These solutions can be substituted into the consumption Euler equation, equation (7), to derive
the solution for the interest rate. When j = 1, i.e. when there is one period of fiscal foresight, the
solution path for the interest rate is given by

A KQnV® 1. KQnV" 1 . v (qy — ’“Iw%) Brg=v" qy 1) -
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The interest rate increases with the realization of a tax increase, but it may increase or decrease
with news of a tax increase. The ambiguity is due to the fact that the interest rate responds to
current and expected changes in the output gap and inflation rate. With foresight, the monetary
authority and private agent expect the output gap and inflation rate to change in later periods
with the realization of the tax policy change. Since the expected change in the output gap and
inflation rate are in opposite directions, the interest rate can move in either direction, depending
on the relative importance the monetary authority places on minimizing inflation variability versus
variability to the output gap. For reasonable parameter calibrations, the interest rate decreases

with news of a tax increase.

Examining equations (10) and (11) reveals that fiscal foresight increases the variances of endoge-
nous variables (by introducing moving average terms into their solution paths). This result will

be crucial for welfare evaluations. Furthermore, the moving average terms, which appear because



of the presence of fiscal foresight, introduce serial correlation in endogenous variables, even in this

simple set-up with uncorrelated shocks.

2.2 The ‘Timeless’ Policy

In this section we examine optimal monetary policy from a timeless perspective, as defined in
Woodford (1999b), under various degrees of fiscal foresight. In this case the first order conditions

from the central bank’s welfare loss minimization problem are

Gt — B roN—1+ o1 — 11 =0
@bt + A — B N1 —kpr =0
U)\t =0

These conditions imply that A\; = 0 and the following inflation targeting rule:
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Substituting this rule into the Phillips Curve, equation (6), gives a second order difference equation

in the output gap
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This difference equation can be factored as
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For reasonable parameter calibrations, ¢, and ¢, are both positive and this condition is met.
Assuming restrictions on the structural parameters satisfy this condition, the difference equation

can be solved for the path of the output gap.
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Given our assumptions about the stochastic processes 7; and a¢, the solution for the output gap

then reduces to

K1
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Similarly to the solution under discretionary policy, more recent tax news is discounted relative to
older news, and the output gap decreases with either news of a tax increase or the realization of
a tax increase. Using this solution in the targeting rule, equation (13), gives the solution for the

inflation rate:

iy = <qq7ry,€ - Ml) Gi—1+ g [Vale + vr (ul_j + Bpaw]_j 4 ...+ (B ) ui)]] (18)
As noted in Woodford (1999b), the optimal monetary policy involves history dependence. This
happens because the central bank internalizes the effects of its predictable policy on private sector
expectations, and this, consequently, affects the current inflation rate and output gap. Substituting
the solutions for inflation and the output gap into the consumption Euler equation, equation (7),
gives the solution for the interest rate. Again, the interest rate may increase or decrease with news
of a tax increase, but for most parameter calibrations it will decrease. Just as with discretionary
policy, from equations (17) and (18) it is clear that fiscal foresight increases the variances and serial

correlations of endogenous variables.

Equations (8) and (13) specify targeting rules for optimal monetary policy that are robust in
the sense of Giannoni and Woodford (2003a,b). In a model where the central bank has no model
uncertainty and perfectly observes ¢; and 7, fiscal foresight is irrelevant for monetary policy; the
monetary authority commits to a rule that is independent of the tax process. Furthermore, even
if the monetary authority mistakenly believed agents did not respond to fiscal news, it would not
matter for optimal monetary policy as long as ¢ and 7; are perfectly observed. This result is not
specific to this particular model; Woodford (2003) shows that many model specifications can be
written in terms of a targeting or interest rate rule that is independent of the exogenous processes
in the economy. As long as the central banker can observe the output gap, he will have no problem
implementing the optimal policy. However, if the monetary authority does not observe the output
gap, fiscal foresight presents some challenges in implementing monetary policy. These complications

are discussed in section 3.

2.3 Welfare Consequences of Foresight

As noted earlier, using the loss function it is possible to rank policies in terms of the implied value
of L. As shown in Appendix B, this is equivalent to ranking policies in terms of their implied value
of utility for the private agent. Following Woodford (1999a) and Giannoni (2001), we calculate

welfare by taking the unconditional expectation of the loss function over all possible histories of



disturbances. To do this, we calculate

B{E(1 - 8) Y A (it + 2g7))
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This value indicates the loss (expressed as a percentage of steady state consumption) due to tem-

porary disturbances in excess of the steady-state loss. Variances were computed using the doubling

algorithm described in Hansen and Sargent (1997). Parameter calibrations are reported in Table

1. These values are taken from Benigno and Woodford (2003) and are standard values used in the

literature®.

Table 2 displays the results. Using an unconditional welfare measure, it appears that foresight
does not drastically alter the welfare losses in an economy. It also appears that foresight cannot
improve welfare. However, this result is not surprising. Foresight does not change the unconditional
means of the endogenous variables; the means are zero with or without fiscal news. Foresight
does increase the variability of endogenous variables®, which causes the small reduction in the

unconditional welfare of private agents.

These results are not specific to the benchmark calibrations. Figure 6 displays unconditional
welfare losses for discretionary policy for various values of x (first panel) and o (second panel) and
under various degrees of fiscal foresight. All other parameter values are kept at benchmark values.
The results show that foresight does not improve welfare unconditionally. Additional sensitivity
analysis looking at other parameter values and standard deviation values have found the same
result’”. Interestingly, this result is not specific to tax news. In this simple model, taxes are a form
of a cost push shock, and any anticipated change to cost push disturbances will have the same
result. For instance, Winkler and Wohltmann (2008) find a similar result for anticipated oil price

shocks in a similar model.

One problem with the unconditional welfare measure is that it misses an important aspect of
fiscal news: conditional on the history of disturbances, foresight gives agents more information
about the expected value of future endogenous variables. By integrating over the history of all
possible disturbances, the unconditional measure negates this effect. Thus, by taking into account
the informational gain in news, the conditional welfare rankings can differ substantially from the

unconditional rankings.

5Sensitivity analysis showed that the welfare rankings do not depend on the relative standard deviations of the
shocks or the other parameter calibrations. These additional results are available from the author.

5This is clear from calculating the variances of inflation and the output gap from equations (10)-(11) or equations
(17)-(18).

"These results are available from the author upon request.
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Table 3 demonstrates this result with loss values at time ¢ conditional on variables being at their
steady state values until time ¢ — 1, when positive or negative tax news (one standard deviation
from the mean) hit the economy. News of an increase in the tax rate increases expectations of
future inflation while reducing expectations of future output gaps. Because the welfare measure,
equation (5), rates changes in inflation more heavily (that is, ¢ > ¢, for reasonable parameter
calibrations), this effect translates into increases in the conditional loss values that increase as the
degree of foresight multiplies. In contrast, news of a decrease in taxes reduces expectations of
future inflation and decreases the conditional loss values. Thus, it appears good news improves the
private agents’ welfare, while bad news reduces it. Because the welfare measure, equation (5), rates
changes in inflation more heavily, these expected reductions in inflation can dramatically decrease
the welfare losses. Note that if welfare is measured conditional on all variables being at steady
state levels in the past, the welfare rankings are the same as the unconditional rankings (since in

this case, in periods 7 < ¢ agents do not receive any news about the path of future variables).

2.4 Comparisons with Alternative Policies

As suggested above, for reasonable calibrations of parameters, the interest rate always decreases
with news of a tax increase. In stark contrast, if the monetary authority follows a simple Taylor
rule where the interest rate responds to inflation and output, then the interest rate will usually
increase with news of a tax increase®. Even if the Taylor rule is a function of output growth (instead

of output), the interest rate response usually will be positive®.

Figure 1 compares impulse responses for the model economy with various monetary policies and
no fiscal foresight. The interest rate response to an unanticipated tax increase is qualitatively
the same for all the monetary policies considered. However, the response under the Taylor rules
is quantitatively smaller; the Taylor rule places more attention on interest rate stability than
the optimal policy calls for. Figures 2-3 compare impulse responses for the model economy with
alternative monetary policies and varying degrees of fiscal foresight. With foresight, the interest
rate responses are qualitatively different from the optimal policy responses. These rules involve the
monetary authority responding to fiscal news by moving the interest rate in the opposite direction

from the response under the optimal monetary policy.

Remarkably, this result has no consequential welfare implications. Table 2 displays welfare cal-
culations (see section 2.3 for an explanation of how these results were calculated) under alternative
policies. In this model, even without foresight the Taylor rule is not a good approximation of the
optimal policy, and the increased losses from fiscal foresight are not severe. Interestingly, both

unconditionally and conditionally welfare increases as the degree of fiscal foresight increases.

8See Appendix C for analytical solutions to the model when the monetary authority follows a simple Taylor rule.
9 Analytical solutions are not available in this case. This result is based on numerical simulations for various
calibrations of parameters.
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3 Foresight Implications with Imperfect Information

It is not obvious how the monetary authority can implement the optimal policies described in
the previous section. In a real economy, it is almost impossible for the central bank to directly
observe the supply shocks u” and u®. Instead, the monetary authority must infer these values from
observable variables such as the inflation and tax rates. This complicates matters for the central
bank in that the monetary authority must estimate these disturbances in order to implement its
monetary policy. To explore the repercussions of this issue in the presence of fiscal foresight, we
assume now that the monetary authority does not observe the path of all structural disturbances
but does perfectly observe a subset of all current and past variables. In order to illustrate the
effects of tax foresight and keep the model as simple as possible, we assume that there is one period

of tax news, that is 74 = uj_;.

To focus the analysis on the implications of the monetary authority’s limited information set,
we abstract from any uncertainty facing the private agents. We assume private agents have full
information about the current state and history of the economy, including the realizations of the
exogenous disturbances. One justification for this assumption is that private agents, as workers
in firms, have more information about variations in production capacity (due to technological
productivity shocks) than the monetary authority does and that private agents, when given tax
news, are able to calculate by how much their personal, future tax rates will change and plan
their personal consumption/savings response to such changes. We define E;z; to be the rational
expectation of the variable z; given the private agent’s information in period ¢. We define z,; to

be the rational expectation of variable z; given the monetary authority’s information in period .

We assume the following time sequence. At the beginning of time ¢, disturbances u] and uf
hit the economy. Then, all endogenous variables are determined simultaneously. Based on the
observation of its subset of variables, the central bank forms its estimates about {u],uf}, and sets
its policy instrument in order to minimize the loss function (5). We assume that the central bank
uses the Kalman filter to form its estimates of the current disturbances. In the absence of fiscal
foresight, the solution paths of endogenous variables are the same as those with full information'?.
However, in the presence of fiscal foresight, the central banker is not able to correctly estimate
the exogenous disturbances in the economy and can induce history dependence in the solution
paths of endogenous variables. This happens because the solution paths of the observables have
a VARMA representation with the presence of fiscal foresight, and the VARMA does not have an
invertible VAR representation. Thus, the equilibrium moving average representation of the path
of the observable variables is nonfundamental, i.e. the structural disturbances cannot be recovered
from current and past observables; the current and past structural disturbances span a strictly

larger space than the observables in this case.

0This follows from our assumptions that the central bank perfectly observes a subset of variables and knows the
underlying structural parameters of the economy.
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The central banker does not observe the nonfundamental moving average representation of the
economy; instead, he recovers the observationally equivalent Wold representation. It turns out
that the statistical innovations of this representation are weighted averages of current and past
structural disturbances. It is these statistical innovations that the monetary authority recovers
from the Kalman filter. Thus, the central banker ends up responding to innovations that are
different from the underlying structural disturbances in the economy; instead, he responds to

weighted averages of current and past structural disturbances.

As demonstrated in Svensson and Woodford (2004), since the loss function is quadratic and the
structural equations are linear, certainty equivalence holds given our assumptions about the private
agent’s and central bank’s information sets. That is, the optimal policy is the same as if the state
of the economy were fully observable, except that the central bank responds to an efficient estimate
of the state of the economy rather than to its actual value. We assume that the central bank would

like to achieve the discretionary optimal policy by employing the following inflation targeting rule

~ Qy .
Toe = —2Gye (19)
qrnk

In order to follow such a rule, the monetary authority sets the interest rate according to

4 K/Q‘Irya 1 a quTrl/T 1 T VT(Qy B Kqﬂ'%) B//‘.’qﬂ’VTqy 1 T
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This model falls within the general framework set out in Svensson and Woodford (2004) to solve
for the optimal policy under asymmetric information. Thus, we proceed to solve this model by first
transforming the model into Svensson and Woodford’s notation and then then use their procedure
to derive the solution. Towards this end, we define the vector X; of predetermined variables and

the vector x; of forward-looking endogenous variables as

a
Ut .
— T _ |
Xt = Uy , T = ~
- v
Uy

We can then write the model, conditional on the central bank’s information set, as

uf, 00 0 0 [ ug 0 [ud, ]
Xous ul 0 0 0 0 0 uf U I
[ ]= ul |=[0 1 0 0 0 ul |+ 0]+ ]| 0 (21)
Vieel LG 0 2 = 1+%] [V o] 0
~—~—
A B

All that remains is to use the Kalman filter to determine the monetary authority’s estimates of
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predetermined variables X;;. Given these estimates, the central bank sets the interest rate ac-
cording to equation (20). However, when the monetary authority’s observables include endogenous
variables, the central bank must sort through a simultaneity problem when employing the Kalman
filter. Observed inflation and output are forward-looking variables that depend on both the agent’s
current expectations of future inflation and output and the current monetary policy. The central
bank’s current expectations and monetary policy in turn depend on the estimates of the structural
disturbances. These in turn depend on the observations of inflation and/or output, completing the
circle. In the next sections, we use the method of Svensson and Woodford (2004) to solve for the

equilibrium in such a framework.

3.1 Tax and Inflation Observables

In this section we assume that the monetary authority observes the sequence of current and past
inflation and tax rates, {%t,j,frt,j}]o-‘;o. The monetary authority uses these observables in the

Kalman filter to recover the structural disturbances.

In this case, in equilibrium the forward-looking variables, &; and Y;, will depend on both the
true values of inflation and output and the monetary authority’s estimates of the predetermined

variables in the economy Xy, where the relationship can be written as

a

7| |1 k(B4 ko) — faok(1+ B+ ko) Ky ug . —fiko —fako  —faro Zﬂt
Y| |0 —o[f2(1 4 ko) — K] 0 1:75 o —fso  —foo Ttlt
-1 Up 1|
(22)

Derivations of equation (22) are given in Appendix D. If the monetary authority correctly estimates
the structural disturbances, that is Xy, = X;, equation (22) reduces to the solution paths of inflation
and output under full information (which can be found from equations (10) and (11)). However,
given the monetary authority’s observables, its estimates at time t of the predetermined variables

X, are given by

Kog (V= f20) —04
¢ ¢ -
X, = | 20— t)fro(14Btno) b(rotP)]  ro2lfao(I+f+ro)—w(Btro)] | | T (23)
tt ¢ ¢ #,
1 0

Substituting this expression into equation (22), we can solve for the solution paths of inflation and

output in terms of the predetermined variables. In this case, the solutions differ from those with
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full information and are of the form

N 1%
o= o+ doup + — 5 —up (24)
qy
2
- pu 0rQy + @z (0 T
Y; = ¢suf + pqu] — ————"uy_ 25
t t t Gy - dni2 t—1 (25)

Derivations and expressions for the ¢;’s are given in Appendix D. Comparing these expressions
to equations (10) and (11) shows that the responses of endogenous variables to the realization of
a tax change (u]_;) are the same as in the full information case. This stems from the fact that
the monetary authority directly observes the realization of tax changes at time ¢ by observing 7;.
However, because the observables do not span the same space as the structural disturbances, the
central bank does not recover uf and uj from the Kalman filter, and the responses of endogenous

variables to changes in technological productivity or tax news differ from the full information case.

As long as the tax process is exogenous and taxes are an observable, this result will hold for
alternative specifications of the tax and technology process as well. For instance, it holds if taxes
or technology followed AR(p) processes. As long as taxes are an observable, the monetary authority
can recover the realization of tax changes at time ¢ (u]_;) and will always respond to the realization
in the same manner as in the full information case. However, as will be discussed in the next section,
once taxes are no longer an observable, the central bank is no longer able to correctly identify the
history of tax changes, and its estimates induce history dependence in the solution paths of forward-

looking variables.

3.2 Inflation and Technological Productivity Observables

In this section we assume that the monetary authority observes the sequence of current and past
inflation and technological progress, {a;—;, T¢—; }?’;0. The monetary authority uses these observables

in the Kalman filter to recover the structural disturbances.

In this case, the monetary authority’s estimates of the predetermined variables X; are of the form

a a
Uyl 0 0 Of [Y_q-1 0 u
T _ T t
ut\t =10 ¢ O ut—1|t—1 + |3 ¢y i) (26)
T T
“t—1|t 0 C2 0 ut—2|t—1 Cs Cg

111

for some constant ¢;’s satisfying |ci| < 1, |c2| < 1**. Notice that this implies the central bank’s

11 . . . . . . .
Analytical solutions are not available in this case. These results are based on numerical results for various
parameter calibrations.
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estimate of the tax news, u},,, depends on the entire history of past observables:

-
t|t

1 .
m (c:;u? + C47Tt)

T __
Upe =

Thus, instead of recovering the correct estimate of the tax news, the monetary authority instead
recovers a weighted average of all current and past structural disturbances. This, in turn, causes
the solution paths of endogenous variables to exhibit history dependence. To see this, note that
substituting equation (26) into equation (20) implies that the interest rate is set according to the

rule

~

it = crig1 + (fi + facs) (1 — el L)ud + (faca + f3)esud + face(1 — c1 L) 7y + (faca + c3)ca27)

Interestingly, it follows from equation (27) that the monetary authority’s policy involves the solu-
tion path of the interest rate responding to the lagged interest rate. The degree of interest-rate
smoothing depends on the value of ¢q, the parameter governing how much weight the central bank
places on its previous estimate of tax news when updating its estimate of such news. It has been
mentioned by many that the federal funds rate is serially correlated'?. Looking at the solution path
for the interest rate, it is clear that the interest rate will be serially correlated in this set-up. This
is due to the presence of tax foresight and partial information. Equation (27) also shows that the
interest rate responds to last period’s inflation but does not involve lagged variables beyond time
t—1.

The interest rate is not the only variable that exhibits history dependence. The solution paths

for inflation and output are of the form:

o= (T + (G — TG L + (= TG L — TG L uf (28)
Y, = Yo+ (¢ — L) + (¢ — L - L] (29)

for some constant Cf ’s. The history dependence in the solution paths is a direct consequence of the
presence of fiscal foresight and the limited information available to the central bank. Interestingly,
even in this simple set-up where the structural disturbances are uncorrelated, the solution paths
of endogenous variables involve lagged endogenous variables. Previous research investigating the
consequences of the central bank having limited information (see Aoki (2003),(2006)) has focused on
circumstances where the monetary authority observes a noisy measurement of current variables'3.
In such cases, the monetary authority’s policy can induce history dependence in the solution path of
variables if the structural shocks follow AR(p) processes. Our analysis shows that alternatively the
central bank’s policy can induce history dependence if some structural disturbances have MA(q)

components. The reason why the solution paths of endogenous variables involve lagged variables

2Examples include Rudebusch (1995) and Goodfriend (1991).
131n models without foresight, it is necessary to introduce such noise to make the partial information case nontrivial.
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is due to the fact that inflation and technological productivity are not sufficient statistics for the

identification of the underlying structural disturbances.

It is important to note that as long as the central bank does not include taxes in its observ-
ables, the solution paths of endogenous variables will exhibit history dependence, no matter what
observables the monetary authority uses. Without taxes as an observable, the monetary authority
cannot recover the history of past tax disturbances, and, in turn, the estimate of the tax news
will be a weighted average of all current and past structural disturbances. It is also interesting to
note that unless the monetary authority directly observes a particular structural disturbance, fiscal

foresight’s presence will make it impossible to correctly estimate the specific disturbance.

3.3 Consequences of Partial Information

As previously noted, when the central bank has partial information about the current state of
the economy, it can change the structure of the equilibrium and induce history dependence. As
discussed below, this affects the economy’s impulse responses following structural disturbances. In
addition, the bank’s policy affects what information about the structural disturbances the monetary

authority is able to recover and can have detrimental welfare implications.

Figures 4 and 5 give impulse response functions for news of a 1% tax increase and 1% decrease
in technological productivity respectively in the model economy when the central bank has access
to various observables. The results are compared to the result under discretionary policy with full

information, the policy the monetary authority would like to achieve.

When taxes are an observable, the monetary authority correctly estimates the history of tax
disturbances and only has trouble identifying the current tax disturbance. Because the central
bank can identify past tax disturbances, the impulse response following a 1% tax increase only
differs from the response under full information in the initial period, when the central bank’s
estimate of the disturbance is inaccurate. Although it appears the impulse response functions for a
technology shock are the same quantitatively for the different policies (see Figure 5), the responses

do vary slightly, although the differences are quantitatively trivial.

When taxes are not included in the observables, the response following a tax disturbance changes
qualitatively. This is because the central bank’s policy creates history dependence in the solution
paths of variables (this can be seen by comparing equations (11) and (28)) and it takes the econ-
omy longer to return to its original steady state following tax news. The response following an
unanticipated technology shock does not change quantitatively (since technological productivity is
an observable in this case). It is important to note that even in more complex models where the
monetary authority might not observe technological productivity, the responses following a tech-

nology shock would probably not differ qualitatively from the response under full information. This
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is because of our assumption that there is no news about technological productivity, which implies
that the statistical innovations that the monetary authority observes will only involve the current
technology shock, as opposed to a linear combination of current and past technology shocks (as

happens with the anticipated tax change).

Interestingly, for both sets of observable variables, the interest rate increases with news of a
tax increase, while the interest rate decreases when the central bank has full information. This is
partly due to the central bank’s inaccurate estimate of the tax disturbance: the monetary authority
mistakenly estimates the disturbance to be less severe than it is and responds, in turn, to this
smaller disturbance. This result is also partly due to the central bank acting cautiously under
partial information and, when inflation and technological productivity are observables, wanting to
smooth the path of the interest rate. When the central bank estimates the tax news to be positive,
it expects that it will have to increase interest rates in the next period with the realization of the
tax change. This makes the monetary authority less willing to decrease the interest rate in the

current period.

Table 4 displays welfare calculations (see section 2.3 for an explanation of how these results were
calculated) under policies where the central bank has various observables. The central bank’s policy
always reduces welfare both unconditionally and conditionally (compared to the full information
policy). Interestingly, when taxes are included in the observables, welfare losses are close to the
losses under full information. This is because the solution paths of endogenous variables are almost
the same as the paths under the full information policy (which can be seen by comparing equations
(11) and (24)). This result is due to the fact that taxes are completely exogenous in this set-up.
If the tax process responded to endogenous variables (such as output or government debt), the
monetary authority would not be able to correctly estimate the previous period’s tax rate, and its

estimate of the tax news would depend on the entire history of past tax changes.

Although the above results were for specific, simple examples, several results generalize. When
taxes are exogenous, identification mistakes will be minimized when taxes are included in the
observables. In general, the central bank’s policy induces history dependence in the model and
increases the variances and serial correlations of endogenous variables. Unless the monetary au-
thority directly observes a particular structural disturbance, fiscal foresight’s presence will make it
impossible to correctly estimate the particular disturbance and thus, inferences from the central
bank’s estimates of structural disturbances will be misleading. Qualitatively, these results hold for
longer periods of fiscal foresight as well. It is important to note that our examples were for the
simplest and best-case scenarios. With a more complicated model or more complicated stochastic
processes for the structural disturbances, the innovations the monetary authority recovers will differ
more from the true structural disturbances, causing more history dependence in the solution paths

of variables and worsening welfare.
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4 Conclusion

This paper investigated the theoretical consequences of fiscal foresight on monetary policy. When
the central bank can observe the current output gap, foresight does not affect the optimal policy.
However, the resulting optimal response to fiscal news can be qualitatively different from the
response under alternative monetary policy rules. In addition, foresight can be welfare improving

or worsening, depending on the welfare measure and on monetary policy.

When the central bank does not directly observe the current output gap and must recover it from
estimates of the structural disturbances, the central bank’s policy can actually change the structure
of the equilibrium. This is due to the fact that the observables do not span the same space as the
structural disturbances, which causes an identification problem and leads to a difference between
the statistical innovations that the monetary authority recovers and the underlying structural
disturbances in the economy. In this case the central bank can induce history dependence in the

solution paths of endogenous variables and reduce the welfare of the economy.

There are two directions in which we would like to expand this research. The first is to give a
more thorough analysis of the consequences of fiscal foresight under partial information. Towards
this end, we are currently investigating the effects of fiscal foresight under alternative specifications
about news information flows and alternative estimation techniques the monetary authority can
employ'®. In addition, we hope to extend the analysis and consider the effects of fiscal foresight
when the central bank has limited information and would like to implement the optimal policy

under commitment.

In addition, it would be interesting to relax the information set of agents (to a more realistic
assumption) and consider how the results change. For this case one could assume that agents do
not know how the central bank recovers structural disturbances and must form expectations of the

central bank’s expectations. Thus, higher order expectations would need to be modeled.

14Because the current and past structural disturbances span a strictly larger space than the observables, no matter
what method the monetary authority employs to estimate the disturbances, he will face the same identification issue
and not be able to correctly identify the structural disturbances from the observables.
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A The Model

This appendix describes the theoretical model. The model is a version of the Benigno and Woodford (2005)
model, extended to allow advance news of tax policy changes. The economy consists of a representative
household, a representative final goods producing firm, a continuum of intermediate goods producing firms
(each indexed by i € [0,1]), a monetary authority, and the government. Each intermediate good is supplied
by a monopolistically competitive producer. We assume there are an infinite number of industries (each
indexed by j € [0,1]), producing many differentiated intermediate goods, and that labor is specific to an
industry.

A.1 Households
A representative household seeks to maximize the expected utility of its consumption and leisure:
) 1
U=EY S~ [ o)) (A1)
t=0 0

where 8 € (0,1), H¢(j) is the amount of labor of type j supplied, and C; is the aggregate consumption of a
continuum of differentiated goods which, following Dixit and Stiglitz (1977), is defined as

C, = Lélcxnee%u}fh (A.2)

where 6§ > 1 is the elasticity of substitution. Following Benigno and Woodford (2005), the following functional
forms are assumed for the utility function:

_ G
u(Cy) = Tt (A.3)
v(Hy) = A g (A.4)
1+v !
where &, > 0. The household’s nominal flow budget constraint is

1
PGy + ErQuis1Aia] = Ay + Pt/ we(j)He(j)dj — T (A5)

0

where w;(j) is the real wage in industry j, T} is a lump sum transfer, P, is the price index, and Q41 is a
stochastic discount factor such that the price of any bond portfolio at period ¢ with the random value A;14
in period t + 1 is

Wi = Ei[Qt 4414141 (A.6)

where W; is the household’s end-of-period bond portfolio. The household’s first order conditions from
maximizing its expected utility, equation (A.1), subject to its budget constraint, equation (A.5), give

Buc(Cry1) P

Q41 = Tw(C) Pia (A7)
_ vn(H(5)) (A.8)

wy(j) = ue(C)
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A.2 The Final Good Producer

A representative final goods producer uses y;(¢) units of each intermediate good 4 to produce the final goods,
Y:, according to the constant returns to scale technology due to Dixit and Stiglitz (1977)

1
[ / e ()O 1/ i
0

Denote the price of the intermediate good as p;(i). Then the final goods firm’s problem is to choose Y; and
y+(7) to maximize

0/(60—1)
] > v, (A.9)

1
RY, - / Py (i)di (A.10)
0
subject to equation (A.9). The first order conditions give
N
. i
ye(1) =Y, <t]£)> (A.11)
t

Substituting equation (A.11) into equation (A.9) leads to an expression for P, that must hold at equilibrium

P = [/Olpt(i)l_edi] e (A.12)

The aggregate resource constraint for the economy is given by

Y, =C, (A.13)

A.3 Intermediate Goods Producers

The intermediate goods producers are monopolistic competitors in their product market and take factor
prices as given. Given the price p;(7) that a firm charges for its product, it is assumed the firm must produce
enough to meet the demand for its good. I assume a common technology for the production of all goods.
Specifically, firm ¢ hires h;(¢) units of labor to produce (i) according to the technology

yt(z) = Atf(ht(i)) = Atht(i)lw (A~14)

where ¢ > 1 and {A;} is a bounded, exogenous process for technological productivity. Following Calvo
(1983), producers in each industry fix the prices of their goods for a random interval of time. Each period,
0 < a < 1 fraction of producers in an industry are unable to change their price. The 1 — « fraction of
suppliers who do change their price in period ¢ choose a new price, p;(7), that maximizes the expected sum
of future profits

E, {Z a" ' Qu (i (i), P, Pr; Yr, &)} (A.15)

T=t

where {7 is a vector of the realization of exogenous variables at time 7'. The profit function is defined as

H(pt(2>7p%“a PTa YT)&T) =

(1= 7)p.Ys (pt) R (f_l (X (,;;)—9)) o [ Y <pg> 0 (A.16)

Pt B UC(}/t) At
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where 7, € [0,1] is a tax on nominal profits. Note that I have substituted the industry wage, w(j), into
equation (A.16) using equation (A.8).

Assuming a symmetric equilibrium where p; = p{ = p;, the solution to equation (A.15) is

) -6 —6—1
N Y, H 1
E T @™ Qur |(1 = 7)1 - 0)Yr (?) + aviAl (?) — (A.17)
ol T uc Ar \ r rr—1 Y. (Pr
1 (At (%) )
Substituting for @ r from equation (A.7) gives
) PT 6—1 p* —0
T—t _ rr Dy
et () ()
- (A.18)
0 1
=E H(aﬁ)T—tuy(YT)YT—P;iPtp; —
T= 0—-1 /1 £—1 Y; 2
=t Arf'f=H {1 (ﬁ)
Equation (A.18) can be written compactly as
«\ l+wb
Py K
£t I — Al
(5 -% (A.19)
where
K = B L™y myr (22) (4.20)
= (0% V. - .
t t 21 0_1 y\1t17)t'r Pt

e} 6—1
ﬂz&{H@@”%—wWwﬁ@(i) } (A21)

T=t

and w = ¢(1 +v) —1 > 0. With Calvo pricing, the price index evolves according to
P, =[(1—a)p; " + ap} /10 (A.22)
Combining equation (A.19) with the price index gives the aggregate supply equation
1—6
1—aIl?? K\ 77
1-alli™ (t) (A.23)
F

where Il; = P,/ P;_;.

A.4 Monetary and Fiscal Policy

We assume the central bank has control of the riskless short-term nominal interest rate, i;, which can be
defined as
L+iy = [EiQripa] ™! (A.24)

We assume the monetary authority sets policy by minimizing the welfare losses from the welfare-theoretic
loss function (details of the monetary authority’s problem are given in the text, and details of the derivations
of the welfare-theoretic loss function are given in Appendix B).

We assume lump-sum taxes/transfers adjust each period so that the government budget constraint is met.
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Thus, we abstract from the fiscal consequences of fiscal foresight and alternative monetary policies.
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B Derivations of Equations in the Paper

This Appendix gives derivations of the equations in the text. Many of these derivations closely follow those
of Benigno and Woodford (2005).

B.1 Derivation of the Consumption Euler Equation, (2)

Substituting the aggregate resource constraint, (A.13), and equation (A.24) into equation (A.7) and log
linearizing yields . R .
ir = 0 EYi1 — Vi) — B

!'=571%X > 0. Rearranging the equation yields

where o0~
Vi = EVig1 — 0 Y(ie — Evften)

This equals equation (2) in the text.

B.2 Second Order Approximation of AS Equation, (A.23)

We derive a second order approximation of the Phillips Curve equation, (A.23), since this will be needed to
derive the quadratic welfare measure. Reducing this result to a first order approximation gives equation (1)
in the text. From equation (A.23),

1— oIl 0—1
log ( '’ ) [log F} — log K] (B.1)

l-a ) 1+wb
A second order Taylor series expansion of the left-hand side with respect to II; around II = 1 yields
oI1f =t ad —1) 0—2+a\1
1  [p— =———" 7 1+ —— ) =72
Og( 1—a> 1-a {er(Jr 1-a )2”’5}

a@—1) . 1(6-1)

(B.2)

72 +0<|s||3>]

where, following Benigno and Woodford (2005), O(||£]]?) will be used throughout as shorthand for O(]|¢, Aio/zl, X l1?)

where Xto are state-contingent commitments for period to. Now note that log ' = log K. Then equation
(B.1) can be written as
n 16-1 , 11—«
- #2
"T21—a 't a(l+wh)

T,

(K, — F) + O(/[€]°) (B.3)

We now proceed to derive a second order approximation of the right-hand side of equation (B.1). Note that

oo

Ko+ 5R7 4 O(IEl®) = (- af) B Y (@)™ o + 5h4] + O(IE]F) (B.4)
T=t

27



where

K,

where

T
v ~
ki = yyYT+ﬂaT+YT+9(1+w) s
vy Y vy A S:zt;rl
T
(1+w)Yr —wgr +0(1 +w) Y 7
s=t+1
and a; = In A; /A, and wq = ¢(1 + v)ay. Also
where

fer=—

4+ Y+
-7

uCC

C

1—

Cr+(0—-1) ) #

ir4+(1—0”
-7
For future reference, we further define
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We use equations (B.4) and (B.6) to get a second order expansion of the right hand side of (B.1)

t2,T - ftQ,T)] -
(1= aB)E: Y (aB)" " [(ker — fur + 5

b= fir)l -

Fy+ SEE+O(IEP) = (1= aB)Ee Y (af) '[frr + ftT]+<9(H£H )
T=t

T

1(1 _

<

Y2
2 T

(K7 = F2) + O(IElf)

%(f(t — B) (K + Fy) + O([¢]*)
- ap) 20D 74 o)
(B.8)

(B.5)



The last expression was derived by substituting (K't — Ft) from equation (B.3), to a first order. Note we can
further expand the first term of equation (B.8):

00 o) 00 T
B (aB) (ke — forl = B> (@B by — fr] + 1+ wO)E > (ap)' ™t Y &,
T=t T=t T=t s=t+1 (Bg)
= B Y (08 by o+ TS
T=t Oéﬁ T=t+1
The last part follows since
) T
B (ap)' ™ Y it = B{aBfiir + (aB)*[Ferr + frga] + ..}
T=t s=t+1
_ 1 . T—t
= 1_aB aﬁEt T:zt;r1(aﬁ)
Also, note that
fEtZaﬁTtka ftT EtzaﬁTtkT )]
oo T
+E Y (aB) O+ w)kr + (1-0)fr] Y 7,
T=t s=t+1
1 [e) T 2
+ 520+ 0w~ 1)(1 + 0w) E, > (aB)" < > w> (B.10)
T=t s=t+1
= LB (0 — ) + B Y (@)t Ny
T=t T=t
+ % (26 + 9“{ — Bﬁ(l 0 g, > (aB)" " arp(dr + 2Vr)
T=t+1
where -
Ny =By (aB)" 01 + w)kr + (1 - 0) fr]
T=t
VT = Et Z (Ozﬁ)s_T
s=T+1
Then it follows that
i Fo= (- aB)B S (@B e — frl + (1 +w0)B, Y (@B)tr — %(1 - aﬁ)@ﬂtZt
T=t T=t+1
51— aB)B Y (@B) [ ~ 2+ (1 - aB) B (af)ar Ny
T=t T=t
520400~ D 00E, Y (@f)Twr(ir +2Ve) + O(E])
T=t+1
" (B.11)
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This can be written recursively as

(1 + w9)

K, —F + 1(1 —af) =1 —aB)kr — fr+ %(/%% — )]+ aB( + wb) Eyiry g

(1 — aﬁ)aﬂEth_th_,_l

1 (B.12)
5(29 + 0w — 1)(1 + Ow)aBEsmiiq (41 + 2Vig1)
N . 1 14 wb
+ aﬁ[Kt+1 — Ft+1 + 5(1 — aﬁ)‘% d )WtZtJrl] + O(Hi” )
Substitute out K; — F} using equation (B.3):
o 16-1 1 ., (-1 —-ap); iz _ 72
(s E— +§(1*O¢5)7tht*—(1+we> lkr — fr+ = ( = I7)]
. 1- 1- .
+ (1 — a)BE T + ( OIB)( 0 a)ﬁEtWtHNtH
. tw (B.13)
5(20 + Ow — 1)(1 — oz)ﬁEtfrHl(frt_,_l + 2%4_1)
10-1_, 1
+ afE |11 + 31 gt + - (1 — af) i1 Zia] + O(|I€] )
Now note that N; can be rewritten:
1 = ~ A - A
N, = 5 E, > (@B + 0w) (ke + fr) + (20 + 0w — 1) (kr — fr)]
T=t
1 _ - A ; ; 26 + 6w — 1)(1 + wb
= 5E,g Z(aﬂ)T U+ 0w) (ke + for) + (20 + 0w — ) (keo — for)] — ( u{ A +w )V;
T=t —ap
1 1 a(l+6w) . (2040w —1)(1+ wh)
—2(1+9w)Zt+2(29+9w 1)(1—a)(1—a6)ﬂt T Vi
(B.14)

where the second term of the last expression comes from using equation (B.3), to the first order. Substituting
equation (B.14) into equation (B.13) yields

e + 19 7;7@2 + 1(1 —af)mZy = (A=) =af) (1)Erlw9;)‘ﬂ)

21— 2
. 1 .
+ (1 - Oé)ﬁEtWt+1 + 5(1 - 04)6(1 - Oéﬁ)EtZt-q-th-i-l

[br — fr+ 5 (%*f%)]

1
5(29 + 0w — V)afBER7, (B.15)

— (29 + 0w — 1)(1 — a)ﬁEt‘/t-i-lﬁ't-&-l

(29 + Ow — 1)(1 — Oé)ﬁEt’ﬁ't+1(7ATt+1 + 2‘/t+1)

16-1,, 1

31 _altrt Ty

l\D\»—l

+ aBE |11 + (1 — aB) 41 Zes1] + O(IE|1P)
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After some algebra and collecting terms, this can be written as

10-1 1 1-— 1-— - A 1. A
for gt 4 10— apmz = S oy L - )
—+ /gEtﬁ-tJ'_l —+ %ﬁ(l — O{/B)Etﬁt+1Zt+1 (BIG)

10-1, 1 .
OB 51 + 300+ BB, + O(eIP)

Define V; =, + $ &=L#2 + 1(1 — aB)7Z; + 360(1 + w)@2. Then equation (B.16) can be written as

1-a)-ap);

1. 5 1
Ve= a(l + wb) b — fr + Q(k% — 3]+ 59(1 +w)it; + BE Vi (B.17)

Substituting for kr and fr, we arrive at the second order approximation of equation (A.23):

T

-7

. 1 N N 1
V, =k {Y} +(w+oHt [1 T — wqt] + EdyyYf — Yidye&s + Qdﬂfrf}

(B.18)
+ BE Vi + tip + O(|[€]°)
where
(1-aB)(1—-a)(w+o1)
a(l 4 0w)

R =

dyy=Q2+w—01)+o! <1 - g) (wHo ™t

dyely = (w+o™ )7t {(1 +w)wg — (1 — 0_1)1 i Tﬂ]

(1 +w)

dr

and t.i.p. refers to terms that are not dependent on policy (i.e. terms that only involve the exogenous
variables). Note that to a first order approximation, equation (B.18) reduces to equation (1), the Phillips
curve, in the text: R

7ty = kY, + 7] + BE T + Gy

where
i = —k(w+ o H lwg

and
r

p=(w+o HH >0

1—7
Note the form of the Phillips curve is not specific to the assumption of a tax on profits. If we had assumed

instead a tax on labor income, the above equation would still hold (although the second order approximation
would differ slightly).
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B.3 Derivation of Quadratic Loss Function, (5)

Note that

LGy = [ (RO,
0 o 14+v \ A

_ A Y;gler
14 At
= ’U(K)At

where A; is the measure of price dispersion:

1 A\ —0(14w)
Pt(l)) .
A = di
' /0 ( P

Then the utility function (A.1) can be written as

U= EtZﬂ (Y2) — v(Ye(5) A (B.19)

A second order Taylor approximation of the first term gives
1
u(Vis&o) = @+ (Ve = V) + Sliee(Ye = V)% + O([E])
— ~ 1
=+ Yu.(1+Y, + 2Y ) —a.Y + uCCY2Y2 +O(|I€11?)

Now note that

5.—1 O.—l
Uee = ———Ue=——="Uc
Using these expressions, u(Y;) can be written as
_ N 1 ~
u(Vy) = YVaae[V; + 5 (1= o7 HY?] + tip. + O(l[¢]]°) (B.20)

where t.1.p. stands for terms that are independent of policy, specifically . These terms can be ignored since
they are not relevant for the welfare ranking of alternative policies.

A second order expansion of the second term of equation (B.19) gives
V(Y6080 =0+ 0(A = 1) + 0, (Y = Y) + 0y (A = (Ve = V) + (A — 1)0eée
+ 06 + %%y(Yt V)2 + (Y = Y)0yele + 55;1755& +O(|[¢]P)
(B0 = 1) 0, (i + 572) + 8,7 (A~ D¥i +2e(A — D

=
1
+ ou VT2 4 VoyeVite + tip. + O(ElP)

Now note that

32



Using these expressions, v(Y;;&;)A; can be written as

Ay —1

[Aa-1 o 1 . N
v(Ye; &) A = T,V 1t+w +Yt+§(1+w)Yt2+(At—1)Yt—thqt— T wqt} +tip. +O(El})  (B21)

It would be useful to express A; — 1 in terms of A,. Towards this end, note that using the price index, the
price dispersion measure can be written as

0(1+w)

1—all/~t\ '
At = aAt_ll_If(H_w) —+ (1 — CM) <Ol ¢ )

l1-a
Taking a Taylor series expansion of this equation around IT = 1 and A = 1 gives

2
A= ol — % af(1+w)( —2) — 290 *1‘”)(1 + 0w)
—

“‘9((11_* 5)(21_*19)‘”) Lol

b1t w)(0+ B — 1)} 21 0(lelP)
(B.22)
= aAt_1 +

This equation has no linear inflation terms, thus A, = O(|[€]|2) for all t > to if Ay, 1 = O(]|€]]2). It follows
that A; — 1 = O(||¢]|?) for all ¢ > to. Substituting this into equation (B.21) gives

A 1 AP
— Y+ S (1+ W)Y — Yiwg

: 3
- : +tip. +O(llE]?)

(Y &) Ay = 0,V

From the household’s first order condition for labor, v, can be expressed as a function of w.:

1—-7)0-1
oy = #0()”
Substituting this in the above equation gives
_ B A L P , 5
v(Ye;6)Ar = (1 = ®)u.Y Tto + Y+ 5(1 +w)Y) — Yiwg | + t.1p. + O(€]]°) (B.23)

Combining equations (B.20) and (B.23) gives a second order expression for the utility function
_ N 1 N
U=E)Y p [Yuc {Yt +5(1- o——l)YEH + t.i.p.
—B.
[OIN

_ o1 ny o 1-—
=Yu.E Y f {@Yt —g{w+o™) =21+ w)} V2 +Yi(1 - @)wg — Hwﬁt}

_ . A 1 . .
(1 - (I))Yﬂc {)/t + 1 _’_tw + 5(1 + UJ)}/E - 1/tWQt}

+O(lElP)

(B.24)

+ tip. + O(||€]]*)

Since a < 1, using equation (B.22), Ay can be written in terms of 7.

t )
A t+1A o t—s Tt 3
Ar=a A,1+—1_a9(1+w)(1+w9)§a 5+ Ol

Multiplying this equation by 8¢ and summing over ¢ gives

ZﬁtAt S A+
t=0

.« w o — 7 5
1-af 0 —a)i—ap L Tw)+ G)t;ﬁ 5+ OUlEl)

33



Substituting this expression into equation (B.24) gives

U=YuFE Y f {@Yt - % {wHo™H) -1 +w)} Y2 +Y(1 - ®)wy,
(B.25)

o (11— ®)ab(1 + wh) A
Vi 51 —a) By 55 +tip.+O(lIEl°)

Multiplying the second order approximation of the aggregate supply equation, (B.18), by ®Y @, and sub-
tracting the resulting equation from equation (B.25) gives:

U=—Yicl Y 6 { &af+ L - 2} (B.26)
t=0
where
G = o)+ oo
o 1(1- %
@ = (WH+o H+d(1-0)+ %
Vo= g 10 Dwa+ @+ o )R+ wwg — (1- o) 7)]
Note that Yt* reduces to
Vo= g 10 @)+ vart (w07 {1+ w)o(L+ v)ar — (1 - o) #)]
= —(mqy)fl(w +o DA -®)+ (wH+ o H R+ w)]ay — qzjl(w +o H) e - 071)1 i T%t
= _Qa&t - QTft
where
0r = g @1 =07, 0a=(kgy) " [(w+o (1 - D)+ (1 +w)]

Substituting for Yt* in equation (B.3), noting that C' =Y in this case, and rearranging terms gives

(U—U)_ . t [Ar 2 | Qy v Ok 2
T%__Etgﬂ {?Wt—FE(Y%_Yt)}

which, following Gali (2002), expresses the welfare approximation as a fraction of steady state consumption.
Maximizing this value is the same as minimizing the loss function given by equation (5) in the text.

B.4 Derivation of Equation (28)

Assuming a; and u] are mean zero iid shocks, equation (??) can be written as:

~ ~ T - j L-90 T
= di(1 = ko) ar + disp (L + By )u] — Bpdy Y (Bds)’ {/@ng_eLqu} (B.27)
j=0
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Thus, the last term needs to be simplified in order to derive equation (28) in the text. Towards this end,
write this term as:

o0 o0

1 A
Etdmgsz:;)(ﬁdl) eLutﬂ L Etdle/sg,rj;(ﬁdlyﬁutﬂ- (B.28)

Notice that this can be rewritten as

dikor By Z(ﬁdl)j Z 95U2+j—1—s —d10kor Et Z(ﬁdl)j Z asu;s-j—s (B.29)
7=0 s=0 7=0 s=0
1 2

Consider term 2, which can be written as:

Etz Bdy )’ Zesutﬂ \

s (B.30)
— Zemt . ﬁdlEthum o+ (Bdr)’Ey Y 0°uf,, o+
s=0
j=0 j=1 j=2
Now notice that ] is an iid mean zero shock, so that E;[us1;] = 0 for j > 0. This means that
By 0%u,, = 0u] +0%u]_ | +0%u] ,+ ...
s=0 , (B.31)
=0> 0°ul
s=0
Using this fact, expression (B.30) can be rewritten as
> 0%ul 4+ Bdi0E, > 0°ui_, + (8d10)*E Zaéut .
s=0 s=0
= (14 Bd10 + (Bd10) 0%ug_,
Z . (B.32)
1
=(1 SR H
(14 Bd16 + (Br0)" + ...) —g7
1 1 .
= 77“%
1—-p6d1601—-60L
Similarly, term 1 can be written as:
Ey Z(ﬂdl)j Z O%ufiij 1
§=0 s=0
=Y U BE Y O+ () B Y 0ul + (B Ee Y 6+ (pgg)
s=0 s=0 s=0 s=0
3=0 =1 i=2 =3

_ L. B 1
T 1oL T 1—Bd01—0L"
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Substituting expressions (B.32) and (B.33) into expression (B.29) gives

L . Bd 1 1 o
diror L oL T 1= Bd01—0L"™  T—Bdf1— HLUt} (B.34)
Thus,
> : L-0
Etdl Z(ﬂdl)J {HQT]_—G_LutJrj}
§=0 (B.35)
L Bdy — 0
— d T T
Lre [1 —0L T (1= Bd6)(1 - QL)} Ut

Substituting this into equation (B.27) gives equation (28) in the text.
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C Derivations for the Model with a Taylor Rule

This appendix gives derivations for the model when the central bank sets the short-term interest rate, i,
via a simple Taylor rule:
1y = ¢y Ys + OnTiy (C1)

We assume taxes are set exogenously according to
T = prie—1 +oup_q + (1 —)uy (C.2)

Equations (1), (2), (C.1), and (C.2) characterize an equilibrium for this economy. In this case the equilibrium
is determinate if and only if
p

1—
Pr + ——¢y > 1
K

The proof is given in Woodford (2003). In what follows we will assume this condition is satisfied.

C.1 No Foresight

In this section we assume the standard timing assumption of the fiscal literature where a change in tax policy
at period t alters tax rates at period ¢, i.e. a tax “shock.” Using the method of undetermined coefficients,
the unique analytical solution to equations (C.1) - (C.2) is

Y, =a;7 1+ agui + azuy (C.3)
e = by_1 + boud + byul (C.4)
where
U = TR ger ey~ O U = Thaee e L rrerAeay) < 0
agzﬁ%>0, bo = Trots e <0
a3 = 1+ﬁp2+KU¢:-(&-1U_¢24;Z¢(?-)|-%+&U+BU%) >0, b3 = 1+ﬁp2+ma¢w-’igt(i:;_—¢;ﬁf-ﬁ+ﬁa+ﬁa¢y) <0

Without foresight, a tax shock acts like a supply shock, causing output to decrease and prices to increase
with a tax increase, since production is less profitable.

C.2 One Period Foresight

In this section we assume one period fiscal foresight. Using the method of undetermined coeflicients, the
unique analytical solution to equations (C.1) - (C.2) is

ﬁt = dlff't,1 + C~L2’LL§ + dgu[ + d4u;1 (05)

Vi = bi7i1 + boud + bau] + bau]_, (C.6)
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where

~ kp(1—p+ody )P 7 kapp(p—dx)
a1 = 1+B/)2+K»0'¢7r+0'¢y_0(1:‘6"1‘/@0"‘1‘50'(?14) > 07 bl - 1+692+50¢ﬂ+0¢y_p(1+5+f€0+5‘7¢y) <0
- 14+o0¢ T TPr
az = 1+0'(¢y+277rﬁ) > 07 b2 T 1to(¢ytdnk) >0
dn = wplko(l—dntody)—B(p=1-0¢y)(1+0¢y)] B — —koY[px(1+B(1=p)+Bo¢y)—1—0¢y]
37T M0 (dytoar)[1+Bp2+rohrt0ody —p(1+B+ro+B0dy)]" 3 — [IF0(dyté=r)[1+Bp2+rodx+ohy—p(1+B+ro+BIGy)]
EL4 — H(l—ﬂ+”¢y)¢ > O7 64 _ ko (p—¢x )V <0

14+B8p% +K0br+0py—p(1+L+ro+Body) T 14+Bp%trodrt+opy—p(l+L+ro+Lody)

The realization of a tax increase causes inflation to increase and output to decrease. If p; = ¢, = 0, then
news of a tax increase will always cause inflation to increase and, thus, the interest rate to increase. If p, > 0
and ¢, > 0, then the effects of tax news on inflation and output are ambiguous. However, it is possible
to characterize how the news will affect the interest rate. Notice in this case the effect of tax news on the
interest rate is given by

Gxrt[ko (1= n + 00y) = Blor =1 = 06,)(1+06,)] = dyrot[dx(1+ B = p;) + Bod,) =1~ 09,]
[1+0(dy + ¢nr)|[1 + Bp2 + k¢ + ¢y — pr(1+ B+ ko + Bogy)]
K[ (Kdr + ¢y) (1 — br + 0dy) + Bdr(l + 0y — pr)] .

= ut

[1 + U(¢y + (ZSW”)][(l + U¢y)(1 —pB8) + Bpr(1 — pr) + ko (Pr — PT)}

.
Uy

The denominator is always positive while the numerator is positive if (1 4+ o¢,) > ¢, (which is plausible
since for most parameter values o is greater than 1) or if

ﬁ¢ﬂ(1 + U¢y - p7—>
O-(K’(rbﬂ' + ¢y) ’

which will hold for most parameterizations as long as  is not too large (i.e. roughly if k < 5). Thus, for
most parameter values the interest rate will increase when there is news of a tax increase. Notice that if
¢, = 0 (and hence ¢, > 1), then news of a tax increase will always cause inflation to increase and, thus, the
interest rate to increase.

1—¢r+o09, <
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D Partial Information Solution when Inflation and Taxes are Ob-
servables

This Appendix gives derivations of the solution paths of endogenous variables when inflation and taxes
are observable to the monetary authority. Many of these derivations closely follow the general procedure
described in Svensson and Woodford (2004). Consider the model whose structural equations are given by
equation (21) in the text. Notice that equation (21) may be written in the general form

ARG

where X; is a vector of predetermined variables, x; is a vector of forward-looking variables, ¢; is the central
bank’s policy instrument, and u; is a vector of i.i.d. shocks with mean zero and covariance matrix ¥,. The
matrices A and B are decomposed according to X; and xy,

A Ap B,
A= B =
[Am A22:| ’ [Bz]

The vector of observable variables, Z;, can be written as
%] |0 0 1 0 0f|X;
2= [WJ B [0 00 1 0} {xt} (D-2)
D

where D is decomposed according to X; and x;, D = [Dl Dz}. Svensson and Woodford (2004) first show
that in this set-up, certainty equivalence holds and the monetary authority’s policy instruments can be
written as a function of the current estimates of the predetermined variables. Thus, the monetary authority
will set the interest rate according to equation (20) in the text. Notice that this equation can be written as

iv=1[f1 fs fo] Xy (D.3)
F

Furthermore, they show that the estimate of the forward-looking variables is given by
a:t‘t = GXt|t, where G = (A22 — GAlg)_l[—Alg + GA11 + (GBl — BQ)F] (D4)

For the derivations of these results, refer to Svensson and Woodford (2004). Note that in this case, G is
given by

—fio ok — fs — fa(l + ko) —fa0

Following Svensson and Woodford (2004), we solve for the central bank’s estimates of the predetermined
variables and use these to solve for the equilibrium paths of the forward-looking variables. Towards this end,
we first guess that the solution paths of the forward-looking variables will be of the form

G- 1— fike KB+ ko) — K[fs0 + fao(1+ 8 + ko) ’i(f/J—fo)]

1 1 1 91 91 91
=G X +(G-G )Xy, G = [ itoUR %3] (D.5)
921 922 923

for some matrix G' that remains to be determined. We then verify this guess by solving for the central
bank’s estimates of X; and using these estimates to find the fixed point solution to G'. Taking G' as given
for the time, we now proceed to solve for the monetary authority’s estimates of the predetermined variables,
Xyt Towards this end, note that it follows from combining equations (D.1)-(D.5) that

Xt+1 = HXt —+ JXt|t + U1 (DG)
Z, = LXi+MXy, (D.7)
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where

00 0
H = An+ApGr=10 0 0 (D.8)
01 0
J = BiF+A;p(G-GH=0 (D.9)
0 0 1
L = D+DG1:[ } D.10
! 2 9%1 9%2 9%3 ( )
0 0 0
M = Dyo(G-G! :[ D.11
2( )= i- fiko —gl1 12 — 912 k(1 — f20) — gi3 (D-11)

Equations (D.6-D.7) are a transition and measurement equation for a filtering problem. However, as Svensson
and Woodford (2004) note, these equations are not expressed as transition and measurement equations for a
standard Kalman filter problem because of the appearance of X;|; on the right-hand side of the measurement
equation. When forward-looking variables are included as observables, this creates a simultaneity problem
because the endogenous variables depend on the current estimates of the predetermined variables and these,
in turn, depend on the observable variables. Ignoring this simultaneity problem for the moment, following
Svensson and Woodford (2004), we guess that the Kalman filter updating equation for X; 4,41 is given by

Xivaperr = Xepa)e + K(Ziyr — LX) — M X 11641) (D.12)

for some Kalman gain matrix K. We then verify this guess by solving for the matrix K. To do so, we
re-define equations (D.6-D.7) to express them in a form that looks like a standard Kalman filter problem
and use the results of its prediction equation to solve for the matrix K. Towards this end, we first define

X = Xi— Xejp (D.13)
Zt = Zt — Zt\t—l = Zt - (L + M)Xt\t—l (D14)

The last expression follows from equation (D.7) conditional on the monetary authority’s information at time
t — 1. The prediction equation can then be written as

Xye = Xyjp—1 + K(LXt) (D.15)

Note that R R
Zt = LXt + M(Xt\t - Xt\t—l) (D].G)

Substituting this expression into equation (D.15) gives
Zy=(I+MK)LX, (D.17)

Equation (D.17) is a measurement equation for a standard Kalman-filter problem for an unobservable variable
X and observable variable Z;. All that remains is to find the corresponding transition equation in terms of
X;. Towards this end, first note that conditional on the central bank’s information at time ¢, equation (D.6)
is
Xiyae = (H + J) Xope (D.18)
Subtracting equation (D.18) from equation (D.6) and using equation (D.15) gives the transition equation:
Xip1=H(I - KL)X; + w1 (D.19)

Thus, the prediction equation for tht can be written as

Xy = PL'(I + MK)'[(I + MK)LPL'(I + MK)'|"*(I + MK)LX, (D.20)
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where P = COV[Xt — Xt\t—1]~ It follows that P can be solved for from
P=H(I - KLPI—-KL/H +3%, (D.21)

Now we can verify that the optimal estimate of X;, is given by equation (D.12). To do this, we use equations
(D.14) and (D.12) to express Xy, in terms of the prediction error Z;

Xyp = Xoppor + KT+ MK) ™' Z, (D.22)
By comparing equations (D.20) and (D.22) and using Xﬂt = Xyt — Xyjt—1, we find that
K(I+MK)™'=PL'/(I+MK)[(I+MK)LPL'(I + MK)']™*

which implies that
K =PL(LPL)™! (D.23)

Substituting this solution for K in equation (D.21) gives an expression for P
P=H[P - PL(LPL) 'LP|H + %, (D.24)

Thus, for our model, P and K are given by

o2 0 0 —g119120°> gi1102 '
a5 (91)%05+(915)%02  (911)%02+(g12)%07
P = 0 (e ) 9 ) s , K = . —.L;l12913<17T ; 912071 (D.25)
0 0 (911)° 0505 (911)%02+(912)%0% (911)%02+(g12)2%02
(911)20202+(g12)%02 1

Until now we have ignored the simultaneity problem with equation (D.12), due to the fact that Xy qs41
appears of the right hand side of the measurement equation. This implies that the updating equation is not
operational. Solving for X441 from equation (D.12) eliminates the simultaneity and gives

Xigrjppr = T+ KM) (T — KL) Xy 10 + K Zi41]

—1 (D.26)
=+ KM)"[(I - KL)(H + J) Xy + KZy41]

Equation (D.26) gives the solution path for X; ;1. All that remains to be determined is the matrix G!
such that the solution path for x; is given by equation (D.5). Following the derivations in Svensson and
Woodford (2004), we find that G! is determined by the relation

G' = A {— Ay +[G + (G -~ GYHYKL|H}
1 k(B4 ko) — ko fo(1+ B+ ko) mﬂ (D.27)
0 —o(fa(l1+ ko) — KY) 0

Given G, K, H,J, L, M from equations (D.27),(D.23), and (D.8)-(D.11), we use equation (D.26) to find the
solution path of X;:

Koa(Y—fao) —oa
@ é -
tht = | K202 (fao—)[fao(1+B+K0)—p(ko+B)]  koZ[fr0(1+B+kK0) = (B+k0)] Ff} (D.28)
¢ ¢ Tt
1 0

where

¢ = (fiko —1)os — 207 [fao (1 + B+ ko) — V(B + k0)[f30 + f2o(1+ B+ ko) — (B + ko)

This is simply equation (23) in the text. We then find the solution paths for inflation and output from
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equation (D.5)

a ua
| _ |1 sY(B+ ko) — fook(1+ B+ ko) Ky uﬁ —fiko  —f3ko  —foko fr|t
[Yj B [0 —ol[fa(1 +2HJ) — R 0 ] + [ _}10 —f330 _]%20 ulrttlt (D.29)
B t—1|t

This is equivalent to equation (22) in the main text. Substituting equation (D.28) into equation (D.5) gives
an expression for the solution paths of output and inflation solely in terms of the predetermined variables

Vr

e = druf + goul + ———uj4
1 + qn
qy
2
A 07y + gz
Vi = ¢suf 4+ ¢pau] — —"——u]
2
Qy + Grk
where
A E
¢1 = Ev ¢3 = E
C F
P2 = ok P4 = D
A = qu(a25t(1 - 0ar)ol + anayr’ (2 — 20ar)on + Br02(0r — P)P) + a2 (00 — earos + Br o (or — ) (er (1 + B + ko) — (B + ro)w)))
B = (ay+ans?)(@2r4 (02 + w20207%) + 2qrayn? (02 + w2020 (0r (1 + B + ko) — (B + ko)) + a2 (02 + k202 (07 (1 + B + o) — (B + ro)1)?))
C = —(qyrleray(1+ B+ r0) + (anr” — qy(B + £0)Y) (1 — 0ar)anr o0 (arnr® + 2ay) + arays’ Br o (or — B)) + aaoa (1 — ear + fr oz (or — ¥)))
D = (gy+ans®)(@2rM (0l + K2020%) + 2qrayr® (0 + 2020 (er (1 + B + ko) — (B + vo)¥)) + ap(0n + K202 (07 (1 + B + ko) — (B + ko ))?))
E = —oqaqy(ay + axr®)?S2 - N(Qiai(gr(l + ko) — koY) (tau(l + B + ko) — Y(B + ko)) + a2 (02 + kZ029?) + (2 ayr® (202 + kZPoZor (1 + B + Ko)))
F = (ay(er(ay + anr?)?(anBr® — ¢y (1 + wo — 0ar(l + B + ko)))o2 + QiQﬂQ§5’<4(1 + Bro)’or — 02 anayBr (1 + B+ ko)(ay + 3ayB — 2ar s> + 3ayro)o21))
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Table 1: Calibrated parameter and steady-state values.

B 099 | o' 0.157] w 0473
k 0.0236 | 7T 02 | 6 10
¢ 1/3 | G/)Y 0.176 | o, 0.02
or 004 | ¢, 05 | ¢ 15

Table 2: Unconditional Welfare Consequences of Various Degrees of Fiscal Foresight.

Loss Function Values (expressed as a percentage of steady state consumption)

No Foresight 1 Period Foresight 4 Period Foresight

Discretion 0.0575727 0.057579 0.057581
Timeless 0.044279 0.044282 0.044284
Taylor Rule w/ Y; 0.076802 0.0769 0.0769
Taylor Rule w/ Y, —Y;_;  0.076662 0.076688 0.07676
Taylor Rule w/ § 0.0763427 0.076344 0.0764

Standard Deviations

No Foresight 1 Period Foresight 4 Period Foresight

Inflation Discretion 0.0155 0.0155 0.0155
Timeless 0.0132 0.0132 0.0132
Taylor Rule w/ Y; 0.0199 0.0199 0.0199
Taylor Rule w/ Y; — Y, 0.0199 0.0199 0.0199
Taylor Rule w/ 0.0198 0.0198 0.0199
Output Gap Discretion 0.158136 0.158145 0.158157
Timeless 0.15404 0.154058 0.154076
Taylor Rule w/ Y; 0.0284589 0.02846 0.02846
Taylor Rule w/ Y; — Y;—;  0.028129 0.02813 0.02813
Taylor Rule w/ g, 0.026087 0.02609 0.0261
Output Discretion 0.1906 0.1906 0.1906
Timeless 0.1807 0.1808 0.1808
Taylor Rule w/ Y; 0.0043 0.0044 0.0044
Taylor Rule w/ V; — Y;_; 0.0047 0.0047 0.0048
Taylor Rule w/ 0.0067 0.0067 0.0068
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Table 3: Conditional Welfare Consequences of Various Degrees of Fiscal Foresight.

(+) indicates welfare conditional at time ¢ on the history being the steady state with positive
disturbances (one standard deviation from the mean) occurring at period t — 1. (-) indicates
welfare conditional at time ¢ on the history being the steady state with negative disturbances (one
standard deviation from the mean) occurring at period ¢ — 1.

Loss Function Values (expressed as a percentage of steady state consumption)

No Foresight 1 Period Foresight 4 Period Foresight
(+) (-) (+) ) (+) -)
Discretion 0.05766  0.05766 | 0.05805 0.0572732 | 0.0588  0.05654
Timeless 0.0439  0.0439 | 0.04448  0.04386 | 0.04491 0.04382
Taylor Rule w/ Y; 0.07691  0.07691 | 0.07980  0.0742 | 0.0799  0.0739
Taylor Rule w/ Y; — ;1 | 0.076773 0.076773 | 0.07754  0.07606 | 0.07965 0.074085
Taylor Rule w/ 0.07643  0.07643 | 0.07718  0.07573 | 0.07915 0.07387

Table 4: Welfare Consequences of Various Observables in the VAR.

Loss values are expressed as a percentage of steady state consumption. (+) indicates welfare
conditional at time ¢ on the history being the steady state with positive disturbances (half a
standard deviation from the mean) occurring at period t — 1. (-) indicates welfare conditional at
time t on the history being the steady state with negative disturbances (half a standard deviation
from the mean) occurring at period t — 1.

Uncond. Loss Cond. Loss Cond. Loss | St. Dev. #; St. Dev. Y;
(+) ()
Discretion 0.057579 0.05805 0.05727 0.0155 0.1906
Inflation & 0.0578 0.0582 0.0574 0.0158 0.191
Technology
Inflation & 0.0576 0.0581 0.0573 0.0155 0.1908
Taxes
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—-— - Discretionary Paolicy

Figure 1: Impulse responses to an unanticipated 1% tax increase under various monetary policies.
The response under the Taylor rule responding to output is not included as it is almost quantita-
tively the same as the Taylor rule responding to output growth. Solid line: Taylor rule with output
gap. Dotted line: Taylor rule with output growth. Dashed line: Timeless Policy. Dotted-Dashed

line: Discretionary Policy.
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Figure 2: Impulse responses to news of a 1% tax increase one period prior to the tax change. The
response under the Taylor rule responding to output is not included as it is almost quantitatively
the same as the Taylor rule responding to output growth. Solid line: Taylor rule with output gap.
Dotted line: Taylor rule with output growth. Dashed line: Timeless Policy. Dotted-Dashed line:
Discretionary Policy.
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Figure 3: Impulse responses to news of a 1% tax increase four periods prior to the tax change. The
response under the Taylor rule responding to output is not included as it is almost quantitatively
the same as the Taylor rule responding to output growth. Solid line: Taylor rule with output gap.
Dotted line: Taylor rule with output growth. Dashed line: Timeless Policy. Dotted-Dashed line:
Discretionary Policy.
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Figure 4: Impulse responses to news of a 1% tax increase one period prior to the tax change.
Dotted-Dashed line: Full Information. Solid line: Tax and Inflation Observables. Dashed line:
Technology and Inflation Observables.
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Figure 5: Impulse responses to an unanticipated 1% decrease in technology productivity. Dotted-
Dashed line: Full Information. Solid line: Tax and Inflation Observables. Dashed line: Technology
and Inflation Observables.
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Figure 6: Unconditional welfare losses for discretionary policy. First panel: Welfare losses for as a
function of k (values on x-axis). Second panel: Welfare losses as a function of . Solid black line:

model with no fiscal foresight and unanticipated tax changes. Red dotted dashed line: model with
one period tax foresight. Green dashed line: model with four period tax foresight.
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