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Abstract

At first glance it appears that transparency about shocks affecting inflation is in-
efficient for a central bank with a motive for interest-rate smoothing. In particular,
with forward-looking behaviour of price setters the central bank's reluctance to
significantly change the interest rate should constitute an incentive for the central
bank to keep its private information secret. A New-Keynesian model with forward-
looking price setters is presented to clarify this issue. In contrast to the reasoning
above, we find that a general cost of transparency under interest-rate smoothing
can only be established if forward-looking behaviour of price setters is absent.
With forward-looking price setters transparency can well be efficient provided that
the central bank's preferences are sufficiently close to strict inflation targeting.
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Central-bank information and interest-rate smoothing
in a forward-looking model

I. Introduction

The paper deals with the central bank's information advantage about shocks and the
suitable use of this information in communicating with the public. In this respect the
issue belongs to the now extended literature discussing transparency in monetary
policy, particularly the branch analysing potential costs of full transparency in the
conduct of monetary policy.*

The focus of most of these papers is the role of transparency in dealing with the time-
consistency problem of monetary policy. In particular, the question of possible trade-
offs between transparency and efficiency in monetary policy is analysed, as is the
case in Faust and Svensson (2001), Geraats (2001a) and Jensen (2001). The
common feature of this iterature is the assumption of an information advantage on
the side of the central bank on critical parameters describing its preferences.?

In contrast to these papers we address the above mentioned information advantage
concerning the state of the economy.® Suppose that a central bank has information
about a cost-push shock which is not yet available to the public. Releasing the
information to the public may turn out to put the central bank at a disadvantage, if the
information gives rise to inflation expectations which in standard models with forward-

For a broad discussion of the issue of transparency in monetary policy see Winkler (2000).

The typical assumption in this literature is that the presence of an inflation control error prevents
the public from correctly inferring the central bank's true intentions. The extent of transparency
then refers to the fraction of the control error revealed to the public ex post. An early application
of this framework is Cukierman and Meltzer (1986).

Romer and Romer (2000) provide evidence that Federal Reserve forecasts of inflation are
superior to those of commercial forecasters. Cukierman (2001) stresses that at least the public's
information about some upcoming shocks would not have been known without publication of the
central bank (Cukierman (2001), p. 18). Another application of the assumption of superior
central bank information about shocks is Geraats (2001b and 2001c), focussing on the time-
consistency problem and the role of the institutional framework of monetary policy for the
assessment of transparency.



looking features have immediate consequences for current variables affecting the
central bank's loss function. While this example suggests that transparency about
current shocks might complicate monetary policy, it does in no way proof that
transparency in fact increases expected losses for a central bank. As recently
emphasised in Cukierman (2001), there is, however, a specific feature of central-
bank behaviour that might make this conclusion inevitable. Rising inflation expecta-
tions due to the announcement of shocks afford a more determined reaction of the
central bank which might be a problem if the central bank has a motive for interest-
rate smoothing. Moreover, in this case the central bank's reluctance to react strongly
enters the formation of expectations in the public. Thus it appears that the specific
constellation of weights in the central bank's loss function is critical for the judgement
of transparency about shocks. The aim of this paper is to clarify this issue, which
turns out to depend on a number of further critical specification aspects.

This paper's results are derived from versions of the log-linearised stylised New-
Keynesian model with microfoundations analysed in Clarida, Gali, and Gertler (1999,
2000), Rotemberg and Woodford (1997, 1999), McCallum (2001), and elsewhere.
We consider equilibria with rational expectations under discretion abstracting from
issues leading to an inflation bias, since the central bank cares only about stabilising
the output gap without having a target to set output above potential output. We also
ignore any strategic aspects regarding the central bank's information but focus on the
comparison of different regimes based on different information sets of the public
when forming inflation expectations.

Section Il presents the model and derives the results when no forward-looking
behaviour in price setting is present. Interest-rate smoothing is interpreted in the
usual way, namely as a motive to reduce deviations of the interest rate from its value
in the preceding period. The results show a general trade off between transparency
and efficiency of monetary policy in case of interest-rate smoothing. Section IIl then
considers the case that inflation expectations enter the decisions of price setters
leading to important qualifications of the results without forward-looking behaviour.
Section IV summarises and concludes.



II. Model and results without forward looking price setters

2.1. The model

The stylised New Keynesian model comprises two equations, which in a slightly
generalised version can be represented as shown below (see Leeper and Zha,
2001). The macroeconomic relationships can be derived explicitly from optimisation
by households and firms. The first equation is an "IS" curve that relates the output
gap yinversely to the real interest rate:

Vi =-§e§1g(it - Et(Praz- Bt)- r)+kaye 1 +K(L- Q)Eyiaa+; (1)

The output gap Y is the difference between actual and potential output with potential
output as the level of output with perfectly flexible wages and prices. The inflation
rate pi+1° Pi+1- Pt IS the percentage change in the price level from tto t+1 and r is
the steady state real interest rate. k is an indicator function equal to 0 or 1. The
expected future output reflects consumption smoothing and the negative impact of
the ex ante real interest rate ;- Eips+1) Stems from intertemporal substitution, with
(/s) being the intertemporal elasticity of substitution. The exogenous disturbance g
represents expected changes in government purchases relative to expected changes
in potential output. We assumes >0andO0£ q£ 1.

The second equation is a Calvo (1983) type Phillips curve relating the inflation rate to
the output gap and expected inflation:

Pr=ao¥; +a1¥-1+Y Pro1+ (L~ ¥ )bEPrag + V4 - )

The equation reflects the setting of prices based on expectations of future marginal
costs with v; referring to a cost-push shock, i.e. deviations from the proportional
relationship between the output gap and real marginal costs. y is an indicator
functionequaltoOorl1andO£b £1.

In order to obtain explicit analytical solutions we start with a simplified version of
equations (1) and (2) focussing on the critical effects of inflation expectation, i.e. we
set y =k =0. Furthermore, we assume that monetary policy can affect inflation only
with a one-period lag by setting ag=0.

Given this, we can write equations (1), (2) as follows:



Vi =- Q—Q('t - Etpr+1) + G 3
esS g

Pt+1 = a1Y; +PEPr+2 +Visg (4)
s>0, a;>0, (Us)a;<1.

The realisations g and v, are elements of the central bank's information set in
period t, whereas the public only observes them after having formed inflation
expectations in period t. The timing of events is as shown in Figure 1. First the central
bank observes the realisations of g and viy, then the public forms inflation
expectations and finally the central bank sets its instrument i;, given inflation
expectations.*

Output and inflation then are determined by equations (3) and (4) with the given
interest rate and inflation expectations. The central bank's information advantage
lasts one period, i.e. at the end of period t the public also know the realisations of g;
and Viyq.

The informational asymmetry concerning the shocks leads us to compare two
different regimes. In the regime called transparency (T) the central bank announces
its information about the shocks before inflation expectations are formed, whereas in
the regime called secrecy (S inflation expectations are formed with knowledge only
of equations (3) and (4) and previous shocks, i.e. (V¢, V¢. 1, ...) and (Gt. 1, G- 2, - - -)-

The exogenous shocks obey
Ot =ro1t €yt (5)
Vi =TVt eyt

with O£r £1 and egy, €y are i.i.d. random variables with zero means and variances
sgg and s%,, respectively.

The central bank minimises the intertemporal loss function

¥
EQdloy . (6)
t=0

This corresponds to the common specification in monetary policy games, according to which the
private sector acts first. For a reversal of this assumption in a framework with asymmetric
information about shocks see Geraats (2001c).



where E; denotes expectations conditional upon information available in period t. The
discount factor fulfils 0 < d < 1 and the period loss function is

1 .
L =3 peea+1 y ¥ +1 i - 't-1)2) ()

where |, |; are the weights on output-gap stabilisation and interest-rate smoothing
respectively.®

Throughout the paper we consider the case of discretion: in each period
policymakers et the current instrument and the contingent path of future instruments
SO0 as to minimise expected losses, taking the process of expectations formation as
given.

Given the specifications above, the model and the information assumptions are close
to Cukierman (2001) who however ignores the expectations term in the Phillips curve
and the intertemporal character of the central bank's optimisation problem. That
means, in setting the current interest rate the central bank ignores the effect of this
decision on expected future losses. Furthermore, the shocks in Cukierman (2001) are
white noise.’

2.2. Solution

Inserting the IS curve (3) and the Phillips curve (4) into the loss function (7), we
obtain the stochastic Euler equation for the central bank's minimisation problem. This
equation implies

lis(+d)ig = agoug + 1 W + 1Sk 1+ ds|E(iger) (8)

where the operator EtC denotes conditional expectations given the central bank's
information set. For |; =0 the equation implies the familiar relationship that inflation
above target should be associated with a negative output gap. | ;>0 leads to the
possibility that the interest rate is above its unconditional expectation even with
Pt+1 =Yt = 0. This will occur, if last period's interest rate was high or if the central bank
expects to set a higher interest rate in the next period.

° Note that target inflation is zero and the target for output is potential output.

Cukierman (2001) also presents an analysis for a simple Lucas-supply function model, where
transparency is clearly disadvantageous even without any motive for interest-rate smoothing.



The IS curve (3), the Phillips curve (4), and the stochastic Euler equation (8) form a
system of difference equations which can be solved using McCallum's method of
undetermined coefficients.’

Under the regime secrecy the endogenous variables have solutions of the form

it = Qolt- 1+ 10t 1+ Q2 + 3Vt T A48y t+1
Pt+1 = Qpoit- 1+ 8p10t- 1+ Apogt T ApaVe T ApaBytl 9)

Yt = ayoit- 1+ @10t 1 + 8y0€g ¢ + &3Vt T &yl

where the a-coefficients are to be determined. Note that under secrecy we need to
treat the reaction to last period's state and current innovations separately, since the
latter are only known by the central bank whereas the former are used by the public
to form expectations. Given (9) and the shock processes in (5), the publics' inflation
expectations are

EtPt+1 = Apolt- 1 + 810 1 + apaVy

EPt+2 = @poEiit + I @p10t- 1 + 1 apavy (10)
with Edi = ajoit. 1 + 810 1+ &javy -
Furthermore we have
E? It+1 = @jole + 810 + AaVi+y - (11)

The difference with transparency is that the public knows ey and e, ;1 when forming
expectations. Thus we have®

EiPt+1 = Pt+1
EtPt+2 = apoEiit + 8p10t + @paVi+1 (10a)

with Etit = it .

! See McCallum (1983, 1986).

Note that with symmetric information it would be enough to have, i;. 1, gt and vi in the solutions
in (9). But for better comparison of the regimes we use the extended form for transparency, too.



The solutions for the a-coefficients are obtained by replacing the variables in (3), (4),
(8) with the expressions in (5), (9), (10), (11) and equating the coefficients of i;_4,
O-1 €gt Vi and eyrq on both sides, which results in 15 equations for the 15
unknown coefficients, listed in appendix A, where we also proof the following
proposition.

Proposition 1.

0] Given the parameter restrictions below equation (4) and a motive for interest
rate smoothing (> 0), there exists a unique stable solution 0<a;y<1 which also
satisfiesk;° -a;+(1- bags >0.

(i) Furthermore, we have ay <0 and a,0<0. The solutions for gjo, a, and ayg are

the same for the regime of transparency and secrecy.

(i) Persistence in the interest rate induced by interest-rate smoothing (@) is the
higher the higher the loss-function weight on interest-rate variability (I ;) and the lower
the weight on stabilisation of the output gap | y.

Proof. See Appendix A

In order to compare the regimes of secrecy and transparency we use the expected
loss

Lj = E(pt2+1"'I yYI2 + i(it B it-1)2) (12)

associated with each regime j =T, S where T, S denote transparency and secrecy
respectively. We start by considering the case b =d=0, where the solution
expressions are quite easy to analyse. From the equation system shown in the
appendix it follows that

ao=Ilis(-aq+s)cy, 3o =-1jass/cy, ay=-1is/cy,
L=rs@2+1 ) =rs2 ay/ =rls?
ap=rs(@i+lyicy, 3o =rs4ljaqlcy, ay1 =rlis<lcy,
aig=r(ass +1 ey, ag=r(s2; +ly)c,  ag=r(a;+ls)e,



ab=s(af+1ylc, ad=s@?+1 e,

alp=s2l jaq/cy, as=s2l jaq/cy, (13)
alp=1s2/cy, ay, =1 is2/c,,
aly=(as +1y)cy, a=ais/cy,
aly=(s2 +1y)cy, ag=(s2l i +1y)cy
ajs=(-as+lis)cy, a4 =-ay/cy
with cy=af+ly- lass +1;s2, cp=af+ly+1s2.

Coefficients indexed by T, S refer to the regime of transparency and secrecy,
respectively, while those coefficients without index are identical for both regimes.
Note that only the instantaneous reactions to demand shocks and cost-push shocks
differ by regime.

For demand shocks (eq>0), the instantaneous reactions of the interest rate are
positive under both transparency and secrecy, with a,>a3 for |;>0. Despite the
stronger reaction of the interest rate under transparency, output and inflation react
more strongly to a demand shock under transparency for | ;> 0. Regardless of the
regime, for | ;=0 output and inflation would both be perfectly stabilised with equal
interest-rate changes (a,=a>=s). The intuition with | ;>0 is that the motive for
interest-rate smoothing leads the central bank © compromise on inflation and output.
Therefore, under transparency the announcement of a positive demand shock gives
rise to inflation expectations, decreasing the ex ante real interest rate for a given
nominal interest rate. This exerts additional pressure on the output-gap and, as a
consequence, on inflation. A motive for interest-rate smoothing implies a trade off
between the stability of the interest rate on the one side and output and inflation
stability on the other side. And this trade off is worse under transparency than under
secrecy.

With respect to the efficiency loss associated with transparency we do not expect a
large difference between the two regimes for plausible constellations of the
parameters. The first-round effects under transparency relative to those under
secrecy are determined by the factor cy/c,>1for | { > 0. To be specific, suppose that
a central bank cuts the first round response to a demand shock under secrecy from
s, which would apply for | ; =0, to ks with (0 £ k £ 1). Using the expression for as this



implies | ; =(1- k)(al2 +1)(ks 2). For this value of | ;, the relation c,/c, is

Thus, the first round effects in output, inflation and the interest rate under
transparency will be close to those under secrecy if the intended reduction (1- k) is
small and a; is small compared to s. For example, with a 25% reduction in the first-
round step of interest rates under secrecy (k=0.75) and the parameter values
a1 =0.1, s = 1the relation c;/c, would be 1.0256.°

As with demand shocks, in the case of positive cost-push shocks (e, > 0) the interest
rate will always be increased with a stronger reaction under transparency, i.e.
aly > a. This holds even for |;=0, given | y>0. This is due to the output inflation
trade off in the case of cost-push shocks and a motive for stabilising output. Given
I'y>0 the central bank will not perfectly stabilise inflation even with | ;=0 since this
can be done only at the cost of output losses. Transparency thus generates inflation
expectations with the disadvantageous consequences described above, leading to
the result that ag4> aFS,4 for | ;> 0. Inflation reacts stronger to cost-push shocks under
transparency than under secrecy.

With a view on the solution for output it makes sense to assume |;<aj/s. Since
under transparency inflation equals inflation expectations, this condition ensures that
in response to a cost-push shock both the nominal and the ex ante real interest rate
rise under the regime of transparency. As a consequence, output will decrease under
both regimes after a cost push shock, but less so with transparency. '

Despite the ambiguous effects for cost-push shocks we can proof the following
proposition.

The corresponding value for |j depends on Iy. In the example above it is | = (0.01 +1y)/3.

10 The condition is also sufficient for the ex ante real interest rate to rise after a demand shock

under the regime of transparency. The condition can be viewed as guaranteeing the validity of
the "Taylor principle”, according to which the nominal interest rate should react stronger than
one-to-one to expected inflation in a Taylor (1993) type policy-reaction function. For an
extended discussion see McCallum (2001).



Proposition 2.

Given b =d =0 and a motive for interest-rate smoothing (I ; > 0), the expected
loss defined in (12) will always be larger under transparency than under secrecy. This
holds regardless of the relative variances of cost push and demand shocks.

Proof. See Appendix B

Figure 2a and 2b give a graphical representation of the impulse responses to cost
push and demand shocks using b =0,d=0,s=1,a,;=0.1251,=01, 1;=0.05. The
upper part a) has r = 0.0, the lower part b) has r =0.3. As already discussed above,
the differences between the regimes are quite moderate in the case of demand
shocks, especially when the motive for stabilising interest rates is balanced by a
motive to stabilise output. For cost-push shocks transparency implies a considerably
stronger reaction of the interest rate compared to secrecy. The efficiency loss,
however, is partly reversed by the smoother reaction of output due to the effect of
inflation expectations on the ex ante real interest rate.

Figure 3 shows the percentage difference in the total loss between transparency and
secrecy defined as 100((LT/LS)Y2- 1), split into the contributions of demand and cost-
push shocks, respectively. For demand shocks the difference increases with | and
decreases with | . Assuming that | is low in relation to |y, we hardly expect the
difference in total losses to exceed 5%. A similar picture arises for cost-push shocks,
except that an increasing weight for output stabilisation has less effect on the
difference between the regimes.**

Summing up, br the case b =d =0 we can establish a cost of transparency in terms
of efficiency arising from a motive for interest-rate smoothing. The higher a central
bank's weight on interest-rate smoothing, the higher is the efficiency loss arising from
transparency.

Looking again at the response functions in Figure 2, a specific feature is worth to
note. In particular for demand shocks, the central bank finds it optimal to destabilise
output and inflation in the opposite direction in the following periods as a
consequence of smoothly reducing the interest rate. We return to this aspect in the
following section.

H Autocorrelation of shocks tends to decrease the percentage difference between regimes for

b =0, since the information advantage of the central bank lasts for only one period.

10



[ll. Forward-looking behaviour of price setters

In this section we turn to the case b >0, d >0. The discussion above suggests that
the disadvantage of transparency increases if forward-looking behaviour in the
Phillips curve is assumed. Since the announcement of demand and cost-push shocks
generates inflation expectations, we expect a stronger disadvantage of transparency
if these expectations enter the decisions of price setters. The impulse responses
shown in Figure 2 however warn us that this conclusion might be false. The reason is
that under certain parameter constellations interest-rate smoothing leads the central
bank to accept second-round deviations of output and inflation in the opposite
direction. If price setters take account of these effects, things might improve under
transparency.

Is it possible that this effect reverses the result in Proposition 2, i.e. that transparency
is more efficient than secrecy despite interest-rate smoothing? In general there is too
much non-linearity to derive explicit conditions concerning the relative expected
losses under the two regimes. The following proposition however states that the
general efficiency advantage of secrecy is no longer present with forward-looking
behaviour in the Phillips curve.

Proposition 3.

0] With b >0 there exist parameter constellations with | ;>0 for which the
expected loss under transparency is smaller than under secrecy.

(i) ~ For r =1, =0 the possibility of an efficiency disadvantage under secrecy
increases with b and decreases with | ;. A necessary condition for transparency being
superioris sb/a;>1+d.

Proof. See Appendix C

Proposition 3 suggests that under plausible parameter constellations a central bank
with preferences close to strict inflation targeting would choose transparency about
shocks for mere efficiency considerations.'? Figure 4 clarifies this by referring to

12 Note that part (i) of proposition 3 makes clear that ignoring the intertemporal character of the

central bank's optimisation problem, i.e. assuming d=0, can be quite misleading as regards the
ranking of the regimes.

11



numerical solutions of the model for the case s =1, a =0.125, b =0.95, d =0.95 and
r =0.1. The figure shows the locus of combinations of |; and | for which the
expected losses are equal under transparency and secrecy. For combinations below
the curves shown, transparency is superior. Starting from strict inflation targeting
(i =1y=0) into the space of output stabilisation and interest-rate smoothing we first
reach combinations for which transparency is associated with less expected losses
than secrecy. It can be seen that in general the relative variances of cost-push and
demand shocks have a critical influence on the ranking of the two regimes.

Figure 5 shows the impulse responses for the case | =1, =0.005 and contrasts them
with the cases of strict inflation targeting (; =1, =0) and output stabilisation without
interest-rate smoothing. In spite of the low weight on |, the third column shows a
significant reduction in the volatility of the interest rate compared to | ; = 0. However,
the expected loss is smaller under transparency for demand shocks and for cost-
push shocks as well.

Considering that the superiority of transparency stems from the expectations effect in
the Phillips curve, it is clear that with a rising autocorrelation of shocks the advantage
of transparency eventually vanishes, regardless of the remaining parameters.

IV. Summary and conclusions

At first glance, transparency about shocks affecting inflation appears to be inefficient
for an interest-rate smoothing central bank in a New-Keynesian setting. In fact,
ignoring issues like shock correlation, forward-looking behaviour of price setters, and
discounting on the side of the central bank, Cukierman (2001) showed that in a New-
Keynesian framework transparency is associated with higher expected losses than
secrecy, provided that the central bank has a motive for interest-rate smoothing,
however small. This paper first clarifies that, ignoring forward-looking behaviour of
price setters, secrecy is indeed more efficient than transparency with the advantage
of secrecy rising with the central bank's weight on interest-rate smoothing. However,
it can be argued that for plausible parameter values the relative difference in favour
of secrecy can be expected to be small.

In contrast to what might be expected, considering forward-looking behaviour of price
setters does not strengthen the case for secrecy. Rather it is shown that the overall
superiority of secrecy vanishes and that there exist plausible parameter constella-
tions, where transparency is efficient for an interest-rate smoothing central bank.
Thus we obtain a conclusion similar to that of the literature analysing the effect of
informational asymmetries concerning central-bank preferences on the time-consis-

12



tency problem of monetary policy: on mere efficiency grounds there is neither a clear
case in favour of transparency, nor against it.*®

Interest-rate smoothing in this paper is interpreted as a central bank's motive to
reduce the variance of deviations of the interest rate from its pre-period level. This
leads to a policy-reaction function including a lagged interest rate, a feature widely
used in research on monetary policy.’* The theoretical impulse responses shown in
this paper indicate that such a motive may well cause oscillating behaviour of inflation
and extended deviations of output from its potential level after a shock. This points to
the supposition that a motive as described above should be rather weak in practise.
As a consequence, the case for transparency is underlined for two reasons. First, the
results in this paper indicate that the ranking of transparency versus secrecy is
ambiguous for small weights on interest-rate smoothing and that the percentage
difference in expected losses is small. Second, there arises the possibility that other
interpretations of interest-smoothing dominate the centratbank's loss function.”> A
prime candidate would be the motive to reduce the unexpected component in
changes of the interest rate. This case was not considered in this paper but it is quite
plausible that such a motive may very well increase the efficiency advantage of
transparency compared to secrecy.

13 There are further aspects to be considered in this context. Issing (1999) argues that frequent

releases of central bank forecasts might undermine the credibility of a central bank, due to the
potentially flawed nature of these assessments. Morris and Shin (2000) present a game
theoretic analysis of the issue of varying degrees of precision in public and private forecasts,
showing that greater precision in revealed public forecasts need not to be efficient from the view
of the central bank, as long as there remains some noise in the public information.

14 see, for example, Svensson (2000).

15 See Goodhart (1999) for the various central-bank motives behind interest-rate smoothing.
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Figure 2. Impulse responses with b
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b)r =0.3
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Note. The parameter values area; =0.125,s =1.0,b =0,d=0,1;=0.05;1 , = 0.1.
Dashed lines represent the regime secrecy, bold lines hold for transparency.



Figure 3

Percentage efficiency loss: demand shocks
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Note: the parameter values arer =0,s =1,a1=0.125,b =0.95, d = 0.95.
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Figure 4. Combinations of | , | , with equal losses under transparency and secrecy.
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Note: the parameter values arer =0.1,s =1,a,=0.125,b =0.95,d = 0.95.



Figure 5
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Note. The parameter values are a1 =0.125,s =1.0,b =d =0.95,r =0.0. Dashed lines
represent the regime secrecy, bold lines hold for transparency.
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Figure Al
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Figure A2
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Appendix A

Proceeding as described in the paragraph following equation (10a) in Section Il leads
to the following equations. The first 9 equations are identical for both regimes:

a0+ /s - apg/s =0 (A1)

8p0- @13y0- bR =0 (A2)

80~ (@gam+ 1 ya0+dsl ado+sl /(s (1 +d) =0 (A3)
ay1 + 8/S - apy/s - 1 =0 (A4)

8p1 - @18y1- bajay- bray =0 (A5)

a1- (@iap + 1 yay; +dslja a0+ rdsligy)/(sl(1+d)) =0 (A6)
a3+ 33ls - apyls =0 (A7)

8p3- @183~ bajzdn- brag-r =0 (A8)

a3~ (a1a3+ 1 yaa+dsl jaa80+ rdsl ga/(sl i(1+d) =0 (A9)

Note that these equations determine the &, g7 and a3 parameters for j = (i, p,y),
which therefore are equal under transparency and secrecy. Next we have six
equations depending on the regime. For transparency we have

ajptabls - als - 1=0 (A10)

ah- a1ay;- babayg - bay; =0 (Al11)

alh- (aalp+1yaj,+dsliabag+ dsl jgp)/(sl (1 +d)) =0 (A12)
ajytajys - ah/s =0 (A13)

aly- ajaj,- balay- bag- 1=0 (A14)

aly- (agaps+1yaja+dslialao+dslg)/(sl(1+d)=0 (A15)
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The respective equations for secrecy are

agy+ajs- 1=0 (A10a)
a5~ a1y, =0 (Alla)

- (@13ps+ | yags + dsl @jaio+ dsl jg)/(s1 (1 +d)) =0 (Al2a)
ay4+ au S/s = (Al3a)

ag,- ady- 1=0 (Al4a)

- (agapy+ 1 yad + dsl adao+ dsl jag)/(sl (1 +d)) =0 (A15a)

The reactions of i, y;, and p; to i;.1 are determined by equations (Al) - (A3). These
can be reduced to

a0 =-3jo(1- baglky; ay=-agoks (A16)
- a . . a2 1- bag)l
flo (1 a'IO)(]'-I_daIO)SI 1 ( a|0) Yo f2 (Al?)
T - a; +(1- baj)s

Proof of Proposition 1

Equation (Al7) shows that the solutions for ag are the roots of a third degree
polynomial in a;o. First note that the assumption (I/s)a <1 rules out a stable solution
with -1 < g;5<0. In this case f; would be negative requiring a negative denominator of
f5, violating the assumption. On the other hand suppose that 0 < ay<1 and that the
denominator of f, is negative. This cannot be a solution since f; would be positive.
Thus, a stable solution must lie in the range 0 < g;o < 1 and satisfy the condition

ki1°-a1+(1- bags >0. (A18)

We now proof that there will always exist exactly one such root. We have f;® ¥ for
a0 ® +0. In the range 0 < a;p< 1 the function f; decreases monotonically with &g, with
f1(1) = 0. This is shown in Figure Al.

f5 is positive for ;o = 0 and the derivative is positive, i.e. f, increases monotonically
approaching ¥ for ajop® (1- a4/s)/b. The fact that f,(1) > 0 whereas f;(1) = 0 proofs
that f; and f, cross exactly one time in the range 0 < g;5 < 1. This proofs part (i).
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A higher |, shifts f, upwards, leading to a smaller value for g, whereas a higher I ;
shifts f; upwards implying a higher value for ;. This proofs part (iii).

Part (if) immediately follows from (A16) and the fact that equations (A16), (A17) do
not depend on the regime. Q.e.d.

Appendix B

In order to proof proposition 2 we need expressions for the variances of the variables
appearing in the loss function. From the equations in (9) and (5) we obtain the
following equation system, the form of which does not depend on the regime:

var (i) = 28;0(aj1c0V(g, i) + &zc0v(v, 1)) + a%s 3, + a%s 3, + afyvar(g) + afovar (i)
+ advar(v)

var(p) = 2a(a1c0v(g, i) + agatov(v, i)) + afys g, + ags 3, + agyvar(g) + agovar (i)
+ agvar (V)

var(y) = 2ayo(ay1cov(g, i) + aygcov(v, i) + a?,zs%g +ag,s3, + agqvar(g) + agovar (i)
+ agqvar (V)

var(Di) = - 28;00v(g, i) + 23j18jg00V(g, i) - 2aj3c0V(V, i) + 2838000V(V, i) + afs &
+a%sg, +afvar(g) + var(i) - 2agvar (i) + afvar (i) + azvar(v)

var(g) = s, +r 2var(g)
var(v) =s, +r 2var(v)
cov(g, i) = ggcov(g, i)r + aizsgg + ajqr var(g)

cov(v, i) = agcov(v, i)r + ai4sé, + gjar var(v) (B1)

The solutions for the variances of output, inflation and interest-rate changes are:

var(p) =Cp+ Kp,gség +Kp\S3, (B2)

with Kpg = a2+ (a%a30)/(1 - afy) + (2a85850)/(1 - agF)
+ (2828i18i02%0)/((1 - af)(1 - agr))
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Koy = a4 + (a%4a80)/(1 - af) + (2aj4803800)/(1 - &gr)
+ (28481331 0330)/((1 - a%)(1- &g ))

var(y) = Cy + Ky g8, + K8,

with Ky g = adp+ (afado)/(1 - afy) + (2a818,0)/(1 - agr)
+ (2828180850 (1 - af)(1- agr))

Ky v = (884 + (aad0)/(1 - afy) + (2a43,58y0)/(1 - agr)
+ (285433310850 (1 - afp)(L- &gr)))

var(Di) = C; + K; gs &, +Ki S5,

with Kig=2a2(a2- a1+ &13j0- 23j0" )/((1 +3)(1- ajor))

Kiv=2844- a3+ &3%0- 430" )/((1+a0(1- aor))

The expressions Cp,, Cy and C; represent additive constants which do not depend on
the regime observing that the coefficients a, g1 and g3 (j =V, i, p) do not depend on
the regime.

Proof of Proposition 2

The expected losses under transparency (T)and secrecy (S) can be written as

LT=(Cp+1,Cy+1iC)+ (Klg+1 Kjg+I iK[g)sgg +(KJy + 1 K]y + 1K )s3,

LS=(Cp+1yCy+1iC) + (Kpg + 1 KJg + 1 iKPg)s g + (K5 + 1 KPy +1 KRS 3,

where the terms indexed T and Sare obtained by inserting the respective solutions
from (13) for the a-coefficients in (B2 ).

Proposition 2 now follows from the fact that

T S T S T < KS
Kpg > Kpg» Kyg > K3g Kilg > Kig
Kow * 1 yKyy > Ky + 1 K§g, Kily > K3,

This follows immediately by considering the following expressions obtained using the
equations in (13) and (B2), which are all positive assuming (/s)a < 1:
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Klg- KBg=2af 3s5(@f+1)@2- r)+1(1- r)2s - aps)
(@f+1y+1isD2@f+1y- 2aijs +2 @i+ y+1i(L- r)s(s - ap))

Kig- K$g=2ayl Ss5@Z+1,)2- 1) +1(1- r)@2s - aps)
(@F+1y+1;s92@f+1y- 2a5l ;s +2 s@f+1y+1;(1- r)s(s - ap))

Klg- KSy=2aq s¥@f+1 )2@7+1)@2- r)+1(1- r)@2s - aps)
(@Z+1y+1s92@Z+1 - 2al s + 21 ;s)@Z+1  +1(L- r)s(s - ay))

Kiy - Kﬁv:Z(alz+Iy)(ly+I is9(l y2(1- r)+al3(2- r)s +1;(1- r)SZ(-a12+|y+2als)
+aql (ay- ayr +2s - rs))
((a12+ly+l i52)2(a12+ly- 2a4l js + 2l i52)(,3112+|y+| (1-1)s(s - ay))

Khv+1yKTy - (KSy+ 1K) =20 521y +1is9( J(1- r)+af2- r)s
+1i(1- r)s2-af+1 +2as8) +agl fas- ayr +2s - rs)y
(@F+1y+1;s22@f+1y- 2a5l ;s +2 s@f+1,+1;(1- r)s(s - ap))

Appendix C
Proof of Proposition 3

Given |y=r =0 and using the equation system (Al) - (A15) we see that the
coefficients &, and a3 for j=(i,p,y) are zero. For the remaining parameters we

obtain
ablay=ajap=x for j=(i,p.y) (C1)
with x =ky@Z+dyl ;s2/(s - ap@f+dikyl is))
d;=1+d(1- &)

and k; > 0 defined in (A18).

From the expressions for the variances in (B2), equation (C1) and the fact that the
coefficients in (C1) are positive for inflation and the interest rate under both regimes,
it follows that x < 1 is sufficient and necessary for LT < LS,
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Using (Al17) to eliminate | ; in the expression for x and with the definition of kq, we
obtain that

gz=sblag- (1+d(1- )((1- agl(l- dag)=>0 (C2)
is a sufficient and necessary condition for x <1, with gy being the solution to (see
equation (A17)):

01° a0((1- Q1 dag) =(-ay+s(1- bag)sl/af® g
For d = 0 condition (C2) reads

gz3=sbl/a;- U(1- ag >0,

which for b = 1 implies kq > 0. In the proof of proposition 1 it has been shown that in a
stable solution k; will always be larger than 0. This proofs part (i).

In general we have the picture shown in Figure A2. The intersection of g, and g,
determines g;q. In the case shown, g3 is negative for that value of gjg implying that
transparency is inferior. Decreasing | ; shifts g, downwards leading to smaller values
of ag as shown in proposition 1, eventually implying gz> 0. Increasing b shifts g3
upwards and makes g, steeper and thus can also lead to the situation gz > o. Further
note that gz is a decreasing function of &g Thus a necessary condition for
transparency to be superior is that g3 > 0 for g;o=0. This leads to the condition shown
in part (ii). Q.e.d.
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