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Abstract

What is the welfare loss arising from uncertainty about true policy
targets? We quantify these effects in a DSGE model where private
agents are unable to distinguish between temporary shocks to poten-
tial output and to the inflation target. Agents use optimal filtering
techniques to construct estimates of the unknown variables. We find
that the welfare costs of not observing the inflation target and poten-
tial output are relevant even in the case of a small measurement error.
We also show that, in our framework, uncertainty about the inflation
target is more costly than uncertainty about potential output.

Keywords: Monetary Policy; Kalman filter; Potential Output
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1 Introduction

In the last decade, most central banks have opted for increasing transparency
of monetary policy and communication of their targets and strategies to the
public. Implicit or explicit inflation targeting has gained consensus among
central banks, requiring mechanisms to anchor private sector’s expectations.

This approach survived, mostly everywhere, the turmoil caused by the
financial crisis. The new important target of financial stability has been
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added to inflation targeting and ouput stabilization. However, given the dif-
ficulty in defining and measuring financial stability, its role remains pretty
vague and has not been fully understood in its interactions with traditional
macroeconomic stabilization. Hence, central banks actions are still mostly
guided by the desire to stabilize inflation and output gap. The notion of
output gap hinges on potential output, a non observable economic variable
that is key to determine the target level of output. The central bank es-
timates and updates its measure of the potential output when conducting
monetary policy. Given the difficulties inherent in real-time estimation of
potential output, policy actions might not be immediately recognizable be-
cause of signal extraction errors arising under imperfect information. This
feature is central for Orphanides (2001, 2003a, b), who reports evidence
of a significant (real time) overestimation of potential output during the
oil shocks of the 1970s. Cukierman and Lippi (2005) showed that, even if
the policymakers efficiently estimate potential output, this does not avoid
persistent retrospective policy errors.

Di Giorgio and Traficante (2010) investigate whether central bank’s po-
litical transparency is desirable in presence of incomplete information about
the state of the economy. In that paper, incomplete information was mod-
eled by assuming an asymmetric information set. The central bank and
the private sector share the same incomplete information on potential out-
put, but the private sector does not observe the inflation target and cannot
exactly infer the policy reaction function, linking the choice of the policy
instrument to the final objectives. The authors show that full political
transparency is socially beneficial in a model with monopolistic competition
and Calvo pricing.

This paper evaluates how uncertainty about policy goals, namely poten-
tial output and the inflation target, affects welfare. Information is asymmet-
ric: the central bank has complete information and follows a discretionary
non-inertial policy. The private sector, on the other hand, observes the in-
terest rate set by the central bank but it faces a signal-extraction problem
involving potential output and inflation target because it does not know if
the central bank is reacting to shocks to the inflation target or to shocks to
potential output. The private sector uses a signal based on the policy func-
tion to estimate the unobservable variables. In their learning process, agents
revise and update their estimates attaching less weight to older information.



Our results suggest that the macroeconomic benefits of credibly announcing
the current level of the time-varying policy targets are consistent. Moreover,
we show that uncertainty about the inflation target entails a higher welfare
loss than uncertainty about potential output.

From a methodological point of view, this paper contributes to the liter-
ature on the role of incomplete information in DSGE models. Most papers
assume a larger information set for the private sector!. Here we depart
from this assumption. Policy objectives and intentions are not always re-
vealed explicitly and truthfully to the public. Hence, we assume asymmetric
information about policy targets in favor of the central bank.

The paper is organized as follows: we describe the model setup and
our parameterization in section 2 to 5. Sections 3 presents the information
structure and the private sector’s learning process. In section 4 we study the
effects of incomplete information on inflation and output dynamics, while
welfare analysis is developed in section 5. Section 6 summarizes and con-
cludes.

2 Setup

2.1 The model

Let us consider a representative household whose objective is to maximize
an expected utility function defined on consumption and leisure, subject to
a sequence of standard budget constraints. In our specification, the house-
hold’s problem can be written as
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where: a; is an AR(1) preference shock, h; are units of labor needed to get
nominal salary Wi, 1 is the inverse Frisch elasticity of labor supply, 7T; are
nominal taxes levied by the government and B; are one-period zero-coupon

!See Svensson and Woodford (2004), who assume that the central bank possesses less
information about the state of the economy than the private sector. In a different setup,
Cukierman and Lippi (2005) assume that the central bank does not observe potential
output and this leads to unavoidable policy errors.



bonds returning gross interest rate R;. [ is the intertemporal discount
factor.

First order conditions with respect to consumption, hours worked and
bonds respectively can be written as:
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where A; is the Lagrange multiplier on the budget constraint and I, = 5

Py
is the gross inflation rate at time t.

By combining first-order condtions and log-linearising the model around
a zero inflation steady state equilibrium, we get the following IS relationhip:

Y = Eyyryr — 1t + By + ap — Erag (6)

where r; and 7 are the nominal interest and inflation rates and y; is real
output.
Production is conducted by monopolistic competitive firms according to
a stochastic constant-returns-to-scale linear technology using labor. More
specifically
Yi(i) = Zha(i) (7)

where Z; is a technology shock whose log z: is an AR(1). Real marginal
cost, in log-linearised terms, can be expressed in equilibrium as

Mmcy =Wy — Pt — 2t = Yt — 2t (8)

We assume price setting a la Rotemberg, where the degree of price stick-
iness is measured by the parameter ¢ > 1. Let us also define ¢ as the price
elasticity of demand, J; ;41 as the stochastic discount factor and 7} as a
stochastic AR(1) inflation target (along the lines of Ireland (2007)). Conse-
quently, the firm’s pricing problem can be written as:
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The first order condition for this problem is:
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In equilibrium, all firms charge the same price, PED(: = 1. Exploiting the

-1
fact that in equilibrium J; ;41 = (Cé—tl) , it is possible to show that the

pricing decision leads to the following log-linear Phillips curve
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where s; is an AR(1) cost-push shock.
As real marginal costs are linearly related to an output gap measure, we
can write a standard new keynesian Phillips curve:

m — 1 =k (g — ) + BE; (M1 — Thp1) + s (11)

where k = % (I+)
Finally, under Rotemberg pricing, the relevant welfare-based loss can be

written as a function of inflation and output gap? .

1
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2.2 Parameterization

Our parameterization relies on standard numerical values in the literature
(see Woodford, 2003). The discount factor [ is set equal to 0.99, while
the slope coefficient of the Phillips curve k is set equal to 0.21, which is
analogous to assuming a Calvo parameter equal to 0.75%. We set the inverse

2See Nistico (2007) and Lombardo and Vestin (2007), who show that both the Calvo
and the Rotemberg pricing models yield an equivalent Phillips curve shape and imply the
same relative weights in the welfare criterion.
3Notice that in a model with sticky prices & la Calvo, Phillips curve’ slope coefficient
ke would be equal to
(= w)(1 - pw)
w

(0 +9) (13)

(e=lw where 1 — w stands for the fraction of firms adjusting

Hence we impose ¢ = T (=)
their prices every period



of labor-supply elasticity equal to 1.5, the coefficient of constant relative
risk aversion ¢ = 1 and € = 10. The autoregressive coefficients of potential
output, preference and cost-push shocks are all assumed equal to 0.8. The
chosen autoregressive coefficient for the inflation target is higher, consistent
with the evidence of Ireland’s estimates about the statistical properties of
the time-varying inflation target for the Federal Reserve. p, is assumed to
be equal to 0.99, while the standard deviation of the inflation target is equal
to 0.001. Following the literature, the volatility of all other structural shocks
is assumed to be considerably higher. In this paper we set it equal to 0.01,
ten times higher than that of the inflation target?.

3 Information structure and learning

The model is solved under discretion and the private sector is assumed

unable to distinguish between shocks to the inflation target and to potential

output. Since the private sector observes the interest rate set by the central

bank, they can use the policy rule r; = fi7; + foy; + f3s¢ + faa; to obtain
a signal composed by the unobservable variables and a random noise.
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The state equation for 7 and ¥, can be respresented in the following way
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The private sector will compute optimal estimates of the current inflation
target and potential output through the Kalman gain matrix K°. In the

4The results shown in the next sections are robust to using different parameter values
as the ones widely used in the Woodford textbook (2003).

5The Kalman gain matrix K is found numerically. We let 3 be the variance-covariance
matrix of [ i1 nYy, ]/ and let P, i), denote the mean squared error of the forecast
of [ Ti1  Yig1 ],, The Kalman gain matrix and the mean-squared error are found by
iterating until convergence on

K¢ = RPyy_yH (H' Py H+02) "

and
Py = (R — KtHl) Py (R — KtH/), + 3



case of a zero measurement error (1, = 0), optimal forecasts of the future
inflation target and potential output are computed as

*
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Repeated substitutions for

ﬂ_*
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mation problem in ¢ 4 1:
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where
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More generally, the matrix D is dependent on o2, in spite of R and H
being invariant to measurement errors. In presence of higher volatility in the
measurement error, the one step ahead forecast error for the policy targets
increases, while the elements in the Kalman gain matrix, through which the
private sector estimates the inflation target and potential output decrease.
These results are documented in table 1, which shows the elements in the
Kalman gain matrix K and the weights attached to the signal y; for different
degrees of volatility of the measurement error 14°. Since the private sector
knows that potential output is much more volatile than the inflation target,
it believes that the signal is more useful to estimate potential output rather
than the inflation target. Consequently, the weight attached to the signal
Xt is much higher (in absolute values) when estimating potential output.
Figure 1 and 2 show the elements of the Kalman gain matrix K;; and K
respectively for different values of o,: the absolute value of the elements
K; j is decreasing in the measurement error, revealing that the private sector
attaches less weight to noisier indicators. As we will see below, this optimal
learning process limits the impact that noisy information has on welfare.

The Kalman gain depends on all elements of R, H, ¥ and on the variance of measurement
error o2.

®In table 1, we label with K; ; the element in row 4, column j of K. Moreover, the
solution of the signal-extraction problem provides also the covariance matrix of the mean
squared error forecast P, whose generic element is labeled P; ;. In the last two columns
of the table we report the values of the vector DK in equation (17).



The private sector is unable to distinguish which shock is hitting the
economy, when there is a shock to the inflation target (potential output) it
assigns some probability to the event that also a shock to potential output
is occurring (inflation target). For example, after a positive one percent
shock to the inflation target, inflation will increase and the central bank
will raise the interest rate, as shown in figure 3. The private sector only
observes the increased interest rate, but it is unable to distinguish if it was
due to a higher inflation target or to a reduced potential output. Under
incomplete information, it turns out that the private sector only estimates
around 30% of the shock, and perceives a (false) negative potential output
shock of 0.015. Therefore, there will be a significant difference in the impulse
response function for inflation and ouput. Figure 4 documents these findings:
under incomplete information, inflation is less volatile, while output moves,
in contrast with the benchmark case of complete information.

The same line of reasoning can be applied after a positive one percent
shock to potential output. The central bank decrease the interest rate, as
shown in figure 5. On the other hand, the private sector, observing the
lower interest rate, assigns positive probabilities to both a positive shock on
potential output and a negative shock to the inflation target. Consequently,
inflation goes down, while the reaction of output is milder.

4 Macroeconomic dynamics

In this section we evaluate how noisy signals on potential output and the
inflation target affect inflation and output in the discretionary equilibrium.
We compare the values of those variables in the presence of imperfect in-
formation with the corresponding values under full information. In each
period, the central bank possesses direct information about the realizations
of the shocks, while the private sector only receives noisy signals about the
policy targets. Under complete information, equilibrium inflation is
M=+ %ﬂvﬂs& (18)
with v = %
while output is given by

_ KOy (19)

ST ) (=B
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When the private sector does not observe potential output and the inflation

target, (18) becomes
B

Y S
L= Byps
we can rewrite (20) as inflation with

(20)

7Tt|t = Tr:lt +
After substituting the estimation of 7r:| ”
complete information plus two additional terms reflecting the deviation of
the inflation target and the potential output from their estimated values

using the information set available up to period t — 1. We then have:
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Analogously, the expression for output in the discretionary equilibrium, un-
der incomplete information, is:

KO gl
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or, after substituting the estimation of 7, into (22):
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The macroeconomic effects of imperfect information can therefore be sum-
marized in the following proposition:

Proposition 1. When the private sector is unable to distinguish between
shocks to the inflation target and to potential output, after a positive shock to
one of the policy targets, i) the equilibrium levels of inflation and output are
lower than under complete information; ii) inflation (output) is positively
(negatively) related with the measurement error; iii) contrary to the case of
complete information, potential output (inflation target) affects equilibrium
inflation (output).

Proof. We start from the final part of the proposition. Since the private
sector is unable to distinguish if the central bank moves the interest rate in
response to a shock to the inflation target, or to a shock to potential out-
put, it optimally estimates that a combination of both shocks is hitting the
economy. Consequently, inflation will be affected also by potential output
and output will be affected also by the inflation target.

Let us consider now the parts i)-ii) of the proposition. The coefficients
of the differences between actual and estimated policy targets in (21) and



(23) are negative’, hence we need that (Wf — 77:“/71) and (@t — ?t\tq) are
positive to prove our claim. When a positive shock to the inflation target
occurs, the private sector underestimates the size of the shock because it
assigns a positive probability that a negative shock to potential output has
occurred. Therefore, the difference between the actual inflation target and
the estimated one is positive, while, provided that potential output is not
changing, (yt — gt|t—1> is positive. Even if the measurement error is posi-

tively related to inflation in equation (21), quantitatively this effect is small
and offset by the differential between actual and estimated policy targets. In
the case of a negative shock to the inflation target, the results are symmet-
rically opposite, because the private sector underestimates the size of the
shock to the inflation target and estimates that a positive shock to potential
output has occurred.

The same line of reasoning can be applied when a positive shock to
potential output hits the economy. The private sector underestimates the
size of the shock, because it also estimates that a negative shock to the
inflation target has occurred: consequently, the differentials of the actual
and estimated policy targets are positive and contribute to have a lower level
of output than that with complete information. After a negative shock to
potential output, the difference between actual and estimated policy targets
are always negative, offset the negative effect of a measurement error, hence
output turns out to be higher than in the case of complete information®. [

5 Welfare Analysis

5.1 Macroeconomic Volatility and Uncertain Policy Targets

In this section we compute the value of the loss function previously defined
and evaluate how it is affected by uncertainty on policy targets. Under
complete information we obtain a loss equal to 0.92, while this value raises
to 0.97 when the private sector is unable to distinguish between shocks to

"It is sufficient to combine the values of the elements of the Kalman gain matrix

with the coefficients of (21) and (23) to prove that — (1 - Klp‘ifl), K;ifz, sz’ifl and

— (1 — K"’pi;h) are negative. To that extent, table 1 presents the values of the Kalman
gain matrix for different values of the measurement error, showing that K i is positive,
while K> ; is negative.

8The results of Proposition 1 hold also in case of a shock hitting both the policy targets,
not shown here.
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potential output and the inflation target, in the case of a zero measurement
error.

In order to provide a quantitative evaluation of the macroeconomic ef-
fects of the measurement error, we simulate the model for different values of
o,. Table 2 shows the value of the loss function, together with the variance
of inflation and output for different degrees of volatility in the measurement
error v. Together with figure 7, which presents the loss function graphically
for o, = 0,---,0.25, we can conclude that the loss function is increasing
in the size of the measurement error. As observed in table 1, in fact, when
the signal used by the private sector to estimate policy targets becomes less
precise, the weights attached to x are low because the private sector real-
izes that signals are not very accurate. Consequently, the elements in the
Kalman gain matrix K become smaller, and this partly offsets the increase
in the noise.

We now study the welfare consequences of having only one unobservable
variable for the private sector, either the inflation target or potential output.
When the private sector does not observe m}, the transition equation is
i1 = px7{ + nf 1, while the measurement equation becomes x; = fim; +
Y. Following Harvey (1990) we can derive an analytical expression for the
Kalman gain matrix 1 and the conditional variance of the optimal predictor

p1:

prrflpl
= PrJIPL 24
w1 () fip1 + o} 24
2 A RN LN Pt
p-p-a. o-mg-al %
pL=— 5 + 5 (25)

The same analytical framework applies for the case in which private
agents do not observe 7,. In this case the transition equation is 7, =
— y . . . _ — 10
PyYi+n;4 1, while the measurement equation is x; = f2y,+v¢ . The Kalman
gain matrix ko and the conditional variance of the optimal predictor py are
given by :

v (fa) = 22, (20)

%In this case the measurement error v, can be interpreted as a policy shock as in
Rudebusch and Williams (2008) and Melecky et al. (2010).

10The measurement error is assumed to be identical to the case in which the private
sector does not observe the inflation target with the aim of evaluating the cost of not
observing one of the two inflation targets independently of the measurement error.
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It is now possible to derive the variance of equilibrium inflation under

~
N N

the assumption that the private sector does not observe the inflation target.
This will be equal to the variance of inflation with complete information plus
a term proportional to the conditional variance of the optimal predictor for
the unknown policy target:

J1K1 2 ri\?
Var (Ft‘t) =Var (m) + < P 1> p1 + (> ol (28)

T T
Similarly, the variance of equilibrium output, when potential output is un-
observable, is given by the variance of output under complete information
plus a term proportional to the conditional variance of the optimal predictor
for potential output:

2 2
K K
Var (yt|t) =Var (y) + <f22 — 1) po + (2> 012, (29)
Py Py

The value of the loss function in the two alternative scenarios may be written
respectively as
1+y
2
(30)
(31)

Ly =W1 (Var (myy — m7)) + Wa (Var (ye —5)) Wi = Wo

EVIRSS

Ly =Wi (Var (m; — 1)) + Wa (Var (yye — 7))

We can then prove the following:

Proposition 2: The loss function from not observing the inflation target is
higher with respect to that of not observing potential output, that is Ly > L.
Proof: See Appendix.

The policy message which arises from this result is that welfare benefits from
political transparency about inflation target are higher. The economic intu-
ition may be found in the fact that while potential output is only determined
by the economic model, through the production function, the inflation tar-
get is a purely exogenous policy goal. In figure 8 we present the relative loss
with respect to the baseline case of complete information when the private
sector does not observe 7} or y,. Clearly this relative loss is increasing in
the size of of o,, with L, above L,, both expressed as percent deviation
from the complete information case.

12



5.2 Robustness Analysis: Alternative Measurement Error

We have assumed that the signal received by the private sector is a linear
combination of the true policy targets, with or without an explicit mea-
surement error. It is interesting to evaluate the consequences of observing
each policy target but with different measurement error. In this case we can
model the signal perceived by the private sector in the following way:

LR -

vy
The signal perceived by the private sector is now independent on the

_.I_

policy followed by the central bank and it boils down to the real policy
targets plus a measurement error. Notice that the observation equation (32)
entails a significant signal-extraction problem only in presence of non-zero
measurement errors. In the previous section, on the other hand, a signal-
extraction problem arose also with a zero measurement error, because the
signal was modeled as a linear combination of the true policy targets.

Simulations conducted by varying the variance of the perceived inflation
target and the variance of potential output show that it is more costly to
have a noisier signal about the inflation target, as documented in table 3.
Moreover, we simulate the model by varying alternatively o7 (for a given
value of oy = 0.1) and o} (for a given value of 67 = 0.1). Then we compute
the percent change of the loss under the latter scenario and plot it in figure
9. We have another evidence that transparency about the inflation target
is more welfare enhancing than transparency about potential output. The
relative loss has a peak for a value of o, = 0.09, while afterwards it decreases,
without, however, arriving to modest values. After a threshold value of
o, = 0.09, the weight attached to the noisy indicator of the inflation target
becomes considerably lower so that it offsets the increase in the variance of
the measurement error, and diminishing the relative loss with respect to the
case of g, = 0.09. These finding confirms our previous conclusion about the
desirability of political transparency on the inflation target.

6 Concluding remarks

Central bank’s policy targets are not always public knowledge: in the last
two decades we have observed a sharp increase in the degree of central bank

13



transparency. In this paper we show that the absence of transparency about
policy targets entails welfare losses. We quantify such losses in a DSGE
model featuring uncertainty on potential output and imperfect knowledge
of the central bank’s inflation target by the private sector. Welfare loss is
increasing in the measurement error, hence this paper suggests that central
banks must be transparent about policy targets, especially the inflation
target. Political transparency speeds the agents’ learning process and is a
tool to manage their expectations.

The results of this paper are derived in a workhorse DSGE model with
Rotemberg pricing, where financial markets are complete and there is no
heterogeneity among agents. We believe that only by enriching the financial
side of the model we can derive a trade-off between the beneficial effect of
transparency, in terms of managing the private sector’s expectations, and
the overreaction of the financial markets to public signals. We leave this
issue for future research.
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A Proof of Proposition 2

Proposition 2: The loss function from not observing the inflation target is
higher with respect to that of not observing potential output, that is Ly > L,.
The difference in term of welfare loss between (30) and (31) is given by

Lr—Ly =Wy [Var (my, — mf) — Var (m — 7)) |[+Wa [Var (ye — 5) — Var (e — 3:) ]
(33)
The difference in the losses is therefore function of two terms: the first
one, weighted by the coefficient Wj reflects the cost of not observing inflation
target, while the second one, weighted by the coefficient W5 expresses how
it is detrimental in welfare terms not observing potential output. From (28)
and (29) and the analysis in the main text we know that the variance of in-
flation and output is higher when there is imperfect information. Therefore,
after some computation, (33) can be rearranged in the following way:

J1k1 ? fako 2 K1\ r2\2| o
ety = (G- 1) o (5 e (52) - (52|
& Yy

L Y
(34)
All the terms in (34) are positive, hence the net result is determined

by the relative weights Wi, Wy, by the variances p;, p2 and by how the
private sector estimates the unobservable target (k1 and so)''. With the
parameterization used in the main text it can be shown that, even if py >
p1 and the absolute value of ko > ki1, the influence of having a central
bank attaching a bigger weight on inflation stabilization rather than output
stabilization makes the welfare loss with unobservable inflation target higher

than in the case of unobservable potential output'2.

1The measurement is assumed to be the same to isolate its effect on the final result.

12Computational details are available upon request. This result can be reversed if we
assume a very low autoregressive coefficient on the inflation target, which seems at odd
with current practices adopted by the major central banks.
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Table 1: The Kalman gain matrix and the weight attached to the signal
in the estimation of the inflation target and potential output respectively.
The following values are computed for different degrees of volatility in the
measurement error.

Oy Kl,l KQJ Welght Weight
(inflation target) (potential output)
0 0.41 -2.37 0.41 -2.38
0.01  0.06 -0.24 0.06 -0.24
0.05 0.0098 -0.016 0.0098 -0.0161
0.1 0.0036 -0.0043 0.0036 -0.0043
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Figure 1: The element K71 in the Kalman gain matrix
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Figure 2: The element K51 in the Kalman gain matrix
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Figure 3: The reaction of interest rate after a positive 1% shock to m}
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Table 2: Welfare loss and volatility of key variables

Regime Var(m;) Var(y;) Loss

Complete information  0.011 0.514  0.9232

o, =0 0.0117  0.5017 0.9734
o, =0.01 0.0119  0.5374  1.005
o, =0.05 0.0135  0.5413  1.094

o, =0.1 0.0147 0.542  1.1516
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Figure 7: The value of the loss function varying the measurement error.
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Figure 8: The value of the loss function (relative to the complete information
case) when only one policy target is unobservable varying the measurement
error.
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Table 3: Welfare loss and volatility of key variables with observation equa-
tion (32) and different measurement error for the two policy targets.

o oy Var(m) Var(y;) Loss
0.1 0.1 0.0146 0.5389  1.1430

0.1 0.05 0.0146 0.5341 1.1370

0.1 0.03 0.0146 0.5291 1.1307

0.1 0.01 0.0146 0.5196 1.1189

0.05 0.1 0.0135 0.5389 1.0853

0.03 0.1 0.0127  0.5389 1.0433

0.01 0.1 0.0116 0.5114  0.9908
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Figure 9: The percent change in the loss function varying alternatively the
variance of either the inflation target or potential output.
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