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Abstract

This paper studies the volatility implications of anticipated cost-push shocks (i.e. news
shocks) in a New Keynesian model with hybrid price setting both under optimal unre-
stricted and discretionary monetary policy with flexible inflation targeting. If the degree
of backward-looking price setting behavior is sufficiently small (large), anticipated cost-
push shocks lead in both policy regimes to a higher (lower) volatility in the output gap
and in the central bank’s loss than an unanticipated shock of the same size. This inversion
of the volatility effects of news shocks follows from the inverse relation between the price-
setting behavior and the optimal monetary policy. Under a fully microfounded hybrid
New Keynesian Phillips curve with price indexation, this inversion of volatility results is
not possible since the Phillips curve remains hybrid even in the limit case of full price

indexation.
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1 Introduction

Several empirical studies emphasize the importance of news shocks for business cycle fluctua-
tions. These shocks materialize in the future, but their size and maturity time is anticipated in
advance by the agents. Most prominently, Schmitt-Grohé and Uribe (2012) find in an estimated
real business cycle model that about 50 percent of economic fluctuations can be attributed to
anticipated disturbances.!

A theoretical branch of the literature indicates that news shocks destabilize the economy;,
i.e. lead to a higher volatility than unanticipated shocks of the same form. Feve et al. (2009)
demonstrate in a purely forward-looking rational expectations model that news shocks increase
the volatility with increasing length of anticipation. With both backward- and forward-looking
expectations, the volatility results are ambiguous as it is shown by Winkler and Wohltmann
(2012) in an univariate model. However, they find that the anticipation of cost shocks — as
considered here — greatly amplifies the volatility of all key macroeconomic variables in the
estimated model of Smets and Wouters (2003).2

These (empirical and theoretical) findings rely on the assumption of forward-looking ratio-
nal expectations. By contrast, under purely backward-looking expectations, the volatility is

3 Backward-looking expectations can be introduced

independent of the anticipation horizon.
via price indexation, rule-of-thumb behavior or bounded rationality.*
So far, optimal monetary policy has been studied almost exclusively in the presence of

unanticipated disturbances.® One exception is the study of Winkler and Wohltmann (2011),

who analyze optimal simple interest rules. They find that the inclusion of forward-looking

INote that we limit our discussion to cost-push shocks for which the central bank faces a trade off between output
and inflation stabilization even without instrument target as considered here. This type of shock is also found
to be highly relevant for business cycle fluctuations, see e.g. Schmitt-Grohé and Uribe (2012).

2Further related to this branch of literature is the paper by Offick and Wohltmann (2013), who study the
properties of the lag polynomial associated with news shocks.

3To see this, consider the model y; = py¢—1 +e¢—q, where g, ~ N(0, 0?)is ani.i.d. news shock that is anticipated
q periods in advance. Assuming stationarity, the variance of this model is given by Var(y:) = 02/(1 — p?), i.e.
independent of q.

4Bounded rationality assumes that agents have cognitive limitations and use simple heuristics (rule of thumbs)
to guide their behavior and are recently under growing investigation, see e.g. De Grauwe (2012) and Lengnick
and Wohltmann (2016).

This includes Leitemo (2008), who finds an inverse relation between the private pricing behavior and the optimal
monetary strategy. If the private sector is backward-looking, monetary policy should be forward-looking, and
vice versa. This general result also holds for news shocks.



elements in an instrument rule is welfare enhancing in the case of anticipated shocks.® However,
they focus on purely forward-looking private expectations and the resulting welfare effects. By
contrast, we study the relation between news shocks, volatility, optimal monetary policy, and
hybrid price setting.

In light of these findings, our paper contributes to the existing literature in three ways: First,
we combine the theory of news shocks and optimal monetary policy in a New Keynesian frame-
work. Second, we study the (de)stabilizing effects of anticipated cost shocks in a multivariate
environment. Third, we analyze how the relative volatility results of news shocks change with
increasing degree of backward-looking price setting behavior. We provide analytical results for

the limit case of purely forward- and purely backward-looking price setting behavior.”

2 News shocks and optimal monetary policy

We assume that the inflation rate is governed by a standard hybrid New Keynesian Phillips

curve of the form

e = B(1 = ¢p) Eyegr + Bdrmi—1 + KTy + €4—q (1)

where m; and x; are the inflation rate and the output gap measured as percentage deviations
from the steady state, respectively. ¢, measures the degree to which the price setting behavior
is backward-looking. For ¢, = 0 (¢, = 1), the price-setting behavior is purely forward-
looking (backward-looking).® &,_, is a white noise cost-push shock with unit variance which is
anticipated ¢ periods in advance. The shock is unanticipated for ¢ = 0.

For convenience, we assume first that the central bank aims to minimize the weighted sum

SFurther noteworthy is the paper by Winkler and Wohltmann (2009), who show how to solve rational expectations
models with news shock under optimal unrestricted monetary policy.

"Details on the derivation of our results can be found in the Appendix.

8This general form is taken from Leitemo (2008). In Section 3, we consider a microfounded hybrid Phillips curve
with partial price indexation, which does however not nest a purely backward-looking Phillips curve as special
case.



of variance of the inflation rate and the output gap:*
Loss, = Vary(m) + A\Vary(x;) (2)

We compute the optimal unrestricted monetary policy response under (timeless) commit-
ment and the discretionary policy.!® The optimal targeting rule under commitment, in which
the central bank is able to commit to future policies, includes forward- and backward-looking

elements:

A A A
T = == (2 — 211) = =Pati 1 + = OxErip (3)
K K K

Note that in both limit cases (¢, = 0 and ¢, = 1) the system remains hybrid. This is due to
the inverse relation between the price-setting behavior and the optimal monetary strategy.

Contrarily, the optimal discretionary policy is independent of backward-looking elements:

A A
T = —;% + ;52[(1 - ¢7r)P72r + ¢x| By (4)

The undetermined coefficient p, follows from the reduced form of inflation. p, is independent

from the anticipation horizon ¢ and solves the following polynomial equation of order five:

0=8%1—¢x)%02 — B2(1 — dr)ps 4+ 20:5°(1 — ¢x)p2 — [B(1 — ¢x) + B0l p2

52
# (1454 502 ) o o)

Note that under purely forward-looking price setting (¢, = 0), we obtain p, = 0 and the dis-
cretionary policy is not forward-looking, but given by m, = —(A/k)x;. Under purely backward-
looking price setting (¢, = 1), the discretionary policy is equivalent to the commitment policy.

Both targeting rules (3) and (4) are independent of the lead time ¢ and, therefore, equivalent

to the optimizations in Leitemo (2008). Equations (1) and (3) fully describe the dynamics of

9In Section 3, we also consider a micro-founded loss function which is a second order Taylor approximation of
the household’s welfare function.

0For simplicity, we refer in the following to the optimal unrestricted monetary policy as the policy under com-
mitment.



Figure 1: Loss and variances in the case of purely forward-looking price setting

COMMITMENT DISCRETION

2.5

1.2

Note: Parameters are set to § = 0.99, k = 0.34, A\ = 0.5. Under commitment, the inflation variance peaks at
q* = 0.74 (assuming continuity of ¢).

the output gap and the inflation rate under commitment. Equations (1) and (4) fully describe
the dynamics under discretionary policy.
Before we turn to the general case of hybrid private price-setting behavior, we discuss the

limit case of purely forward-looking price setting.

2.1 Purely forward-looking price setters

We first discuss the volatility results in the regime commitment. For ¢, = 0, the system can

be reduced to an univariate hybrid equation of the form

Ty = aEt$t+1 + b$t_1 + CE¢—q (6)

with @ = 8b, b = N/ (M1 + ) + «%), and ¢ = —x/(AM(1 + B) + £?). Since 1 > B > 0,
sgn(a) = sgn(b). This implies that the variance of x; is unambiguously increasing in ¢ as it is
shown by Winkler and Wohltmann (2012).

The volatility of the inflation rate, on the other hand, may also be decreasing in ¢q. Its



variance is given by

B 232 M, 1=ad gun (1-a)(1+08)da
V“"’<”’f)_(1+a)(1+5)(1—a5)<,{> [1 T a—o @ ()

where |a| < 1 is the stable root of oy = (14 +/1—4ab) /(2a), fo = ¢/(1 — aa), and § =
a/(1 — aa).'' An unanticipated shock may generate a higher inflation volatility than a cost-

push shock that is anticipated in the infinite past:

Var—o(m) > Var,,oo(m) if %2 > /1445 —(1+P) (A>0) (8)

The reason for the ambiguity in the inflation volatility are two opposing effects: On the one
hand, the longer the length of anticipation, the higher is the variance of the output gap, which
— in isolation — also leads to a higher variance in inflation. On the other hand, the response
of the output gap becomes smoother, i.e. z; is more autocorrelated, with increasing ¢. Since
the inflation rate depends via the targeting rule on the change in the output gap, this reduces
— in isolation — the variance of inflation.!? Condition (8) does not imply that an anticipated
cost shock gives a lower inflation volatility for all anticipation horizons. That is, the inflation
variance may not be monotonic in ¢g. For small values of ¢, Var(m;) may be increasing and the

maximum is reached in ¢ = max(q*,0) where

q (9)

. 1 26(1 — ) log §
= log + log
logaw — log 6 (1 —a)a(l+9) log ad
Despite the fact that the variance of inflation may be decreasing in ¢, the total loss (2)
is always increasing in ¢. Only under strict inflation targeting (A = 0) does the central bank
perfectly stabilize the inflation rate and the loss is zero, independently of ¢.
Note that under purely forward-looking price setting behavior, the welfare theoretic loss
is of the same form as the assumed loss (2) with A = k/x, where x denotes the elasticity of

substitution between differentiated goods. The inequality (8) then reads ky > /1 + 45—(140).

1 Note that the output gap can be written as an ARMA(1,q) process of the form z; = azy_1 + >ro 8k Boctsk—q-
A stable solution requires || < 1.

12The two opposing effects can be directly seen by taking the variance of the targeting rule: Var(m) =
2)2/k2[Var(zy) — E(zyz4—1)], where both Var(z;) and E(z;24—1) are increasing in gq.



Figure 2: Loss and variances for different degrees of hybridity under commitment
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Parameter calibration: 8 =0.99, Kk = 0.34, A = 0.5.

For x = 8 (implying a steady state mark-up of approximately 14 percent) and £ = 0.34, A =~ 0.05
so that inequality (8) is satisfied as illustrated in figure 3.

In the regime discretion, the volatility of the output gap and the inflation rate is unambigu-
ously increasing in ¢ under purely forward-looking price setting. For ¢, = 0, the model under
discretion is purely forward-looking. This implies that the volatility of inflation and output gap

is increasing in ¢ as it is shown by Féve et al. (2009). These results are illustrated in figure 1.

2.2 Hybrid price-setting behavior

If we allow for backward-looking price-setting behavior (i.e. ¢, > 0), the results under purely
forward-looking price setting of the previous subsection may be reversed. We start with the
regime commitment. For this regime, figure 2 shows the differences in the volatilities and
the central bank’s loss between an anticipated and an unanticipated cost shock for different
degrees of hybridity and anticipation horizons. If ¢, — the degree of backward-lookingness — is
sufficiently large, an anticipated cost shock leads simultaneously to a lower volatility in output
and inflation and to a lower loss than an unanticipated shock of the same size. The reason

for this inversion of volatility results (compared to ¢, = 0) is the inverse relation between the



Figure 3: Parameter sensitivity
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Note: The remaining parameters are calibrated as follows: 8 = 0.99, k = 0.34. Note that @& means that both
Vargo(xt) and Lossag are smaller, ® means that both Varyg(m:) and Lossag are smaller, and the combination
of all three symbols means that both variances and the loss are smaller for ¢ = 20 than for ¢ = 0.

private pricing behavior and the optimal unrestricted monetary policy strategy.

Does this result also hold for lower weights A the central bank puts on output stabilization?
Figure 3 compares the volatilities and the loss of an unanticipated (¢ = 0) and an anticipated
(¢ = 20) shock for different degrees of hybridity ¢, and for different weights A. The left plot
considers the regime commitment. For all values of A > 0 (flexible inflation targeting), it holds:
If the degree of backward-looking price setting behavior is sufficiently large (small), anticipated
cost-push shocks lead to a lower (higher) volatility in the output gap and in the central bank’s
loss than a unanticipated shocks of the same size.

The left plot of figure 3 also shows that the volatility in inflation may decrease in ¢ for a
much larger range of hybridity ¢, (even for ¢, = 0) than the volatility of output. However, the
exact range depends on the weight A: If A is sufficiently small (in figure 3: A < 0.15 suffices),
the volatility in the inflation rate is increasing in q for sufficiently strong backward-looking price
setting behavior.!?

The volatility results under discretion are summarized in the right plot of figure 3. If the

13Strictly speaking, the volatility results of the inflation rate depend on the ratio A/k. Increasing x has the same
effect as reducing .



price setting is sufficiently backward-looking, discretion generates similar results to commit-
ment. In the limit case ¢, = 1, the two regimes are equivalent. Contrarily to commitment, the
inflation volatility is only decreasing in ¢ for sufficiently high degrees of backward-lookingness

(in figure 3: ¢, > 0.4).

3 Microfounded loss and Phillips curve

Until now, we have assumed a given central bank’s loss which coefficients are not a function of
structural parameters and a Phillips curve where the inflation expectations are a weighted av-
erage of forward-looking and backward-looking expectations. In this section, we check whether
our above results also hold under (i) a central bank’s loss that is a second order approximation
of the household’s welfare function and (ii) a hybrid New Keynesian Phillips curve that fol-
lows from partial price indexation. Let v be the degree of price indexation, then the inflation

dynamics are described by
T = W Bymq +wam_g + wary + 5y (10)

with w; = B/(1 + 7), w2 = v/(1 + 7), and w3 = x/(1 + Bv).1* Following Woodford (2003),

the welfare theoretic loss function based on (A.21) is given by
Lossy = Vary(m —ym_1) + AVary(x) (11)

where A = k/((1+ 87)x). x denotes the elasticity of substitution between differentiated goods.
Assuming separable preferences and neglecting capital, K = (o +n)(1 — 0)(1 — 360)/60 where 0
is the Calvo parameter, o is the inverse of the intertemporal elasticity of substitution, and 7 is
the inverse of the Frisch elasticity of labor supply.

Contrarily to the proposed loss (2), the loss function (A.22) has m_; as an additional

argument if v > 0.1 Under the Phillips curve (A.21) and loss (A.22), the optimal unrestricted

14 A similar Phillips curve is used by Smets and Wouters (2003).
15This is the reason why in figure 4 the loss difference Loss, — Lossy is decreasing in v, whereas both Var,(z) —
Varg(z:) and Varg(m) — Varg(m) are increasing in 7.



Figure 4: Loss and variances under commitment with microfounded loss and Phillips curve
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Parameter calibration: $ =099, 0 =n=2,0=0.75, k= (c+n)(1 —0)(1 —0)/60 =~ 0.34, x =8.
monetary policy rule under commitment is given by

A A A w
ByEymi — (1 + 5’72)7% + M = ——Pwo By + —xp — __lxtfl (12)
w3 w3 ws 3

For v = 0, the equations (A.21) to (12) collapse to the standard purely forward-looking
case and are equivalent to our originally proposed model for ¢, = 0. However, the hybrid
New Keynesian Phillips curve (A.21) does not nest a purely backward-looking Phillips curve
as special case in contrast to the originally proposed Phillips curve (1). In fact, the limit case
of full price indexation (v = 1) leads to a hybrid Phillips curve in which expected future and
past inflation equally affect current inflation. This limit case roughly corresponds to ¢, = 0.5.
As a result, anticipated cost-push shocks in the model with price indexation generate a higher
output volatility and central bank’s loss than unanticipated shocks.!® This is illustrated in

figure 4 which shows the volatility and loss difference in the regime commitment.'”

6Inflation volatility, on the other hand, may again also decrease in ¢ if the model is forward-looking.
17Similar results can be obtained under discretionary policy.



4 Concluding remarks

This paper studies the volatility implications of anticipated cost-push shocks in a hybrid New
Keynesian model with forward- and backward-looking price setting behavior both under optimal
unrestricted monetary and discretionary policy. In both regimes, we find that an anticipated
cost-push shock lead to a larger (smaller) volatility in the output gap and to a larger (smaller)
central bank loss than an unanticipated shock of the same size if the degree of backward-looking
price setting behavior is sufficiently small (large). By contrast, if the central bank follows
an ad hoc or optimized contemporaneous Taylor-type rule and the price setters are purely
(forward-) backward-looking, the volatility of the economy is (increasing with) independent of

the anticipation horizon.
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Appendix

A Derivation of targeting rules

A.1 Ad hoc central bank loss and Phillips curve

In this section, we derive the targeting rules under optimal unrestricted monetary policy (com-

mitment) and under optimal discretionary policy using the New Keynesian Phillips curve

Tt = B(1 = ¢n) Eymigr + Bdrmi1 + Kxp + 61y (A.1)

and the central bank loss
Loss, = Vary(m) + A\Vary(x;) (A.2)

where 0 < < 1,0< ¢, <1,k >0,qg€ Ny, A > 0.

A.1.1 Commitment

The central bank minimizes the loss function (A.2) subject to the Phillips curve (A.1). The

Lagrange function to this problem is given by'®

Jto = Eto Z Btito {ﬂ'tz + )\.T? + Mt [6(1 — ¢W)Etﬂt+1 — T + ﬁ(bﬂ’ﬂ'tfl + KTy + Et,q]} (A?))

t=to

with the first-order conditions for ¢ > t, (timeless perspective solutions)

oL A

L —o\a, + k=0 <& up=-2—x (A.4)
0xy K

oL, )

o, =21 — py + B Or Erpipr + (1 — d ) pre—1 =0 (A.5)

'®Note that, strictly speaking, the central bank loss (A.2) is equivalent to limg,1 (1 — 3) Y72, B~ (7 + A\a?),
see Rudebusch and Svensson (1999). The constant (1 — 3) however does not affect the first-order conditions
and we set the discount factor close to unity, i.e. 8 = 0.99.

12



The optimal monetary response of the central bank can be summarized by the following tar-

geting rule:**
A A A
T = ——(Ty — T41) — —PrTy_1 + —52¢nEt37t+1 (A.6)
K K K

A.1.2 Discretion

Under discretionary policy, the central bank is not able to commit to future policies. It can,
therefore, not directly affect private expectations, but only indirectly through the persistence of
the inflation rate given by the hybrid structure of the New Keynesian Phillips curve. To account
for this, we replace the expected future inflation rate in the central bank’s optimization using
the reduced-form solution of the inflation rate and the output gap. The guessed reduced-form

solutions are given by

Tt = PrTi—1 + Po€t + P1€¢—1 + ... + Pg€i—q (A7)

Ty = NaTi—1 + o€t + ME—1 + - . + NgEi—q (A.8)

with the undetermined coefficients pr, po, . .., pg and 7,1, ..., n,. The reduced-form solutions
imply

Eymigy = pamia + (prpo+ pr)Ec+ o+ (Prpa1 + Pg)et—gqi1 + PrPoci—yg (A.9)

Bz = 0rprme-1 + (Nepo +m)ee + - oo+ (MePg—1 + Ng)Et—q+1 T NrPeEt—q (A.10)

Replacing Fym;q in the Phillips curve (A.1) gives

= Bl(1 = ¢n)p3 + Galmer + Ky + ky (A11)

9Since the targeting rule is independent of ¢, it is equivalent to the one derived in Leitemo (2008).

13



where ky = B(1 = ¢x)[(pzpo + p1)et + - - -+ (PxpPg—1 + Pg)Et—gi1 + PrPeEt—qg) + Et—q. The Lagrange

function to the discretionary optimization problem is then given by
Jto = Eto Zﬁt—to {7Tt2 + )\.T? + Mt{ﬁ[(l — (bﬂ)pfr + (bﬂ]ﬂt,l — T+ Koy + kt}} <A12)

t=to

with the first-order conditions

oL A

L~ o\g, + ki =0 & = —2—x4 (A.13)

0xy K

oL, 5 5 B

—87'(' = 27Tt — Mt + ﬁ [(1 — (bﬂ—)pﬂ + ¢W]Etﬂt+1 =0 <A14)
t

Thus, the optimal discretionary monetary response reads

7= 4 (0~ 00)6% + 6] B (A15)

which is independent of the anticipation horizon ¢ (holds Vg > 0).20
To determine the unknown coefficient p,, we replace x;, m;, Eymiyq, and Eyxyyq in the Philips

curve (A.1) and targeting rule (A.15):

K
0= 62[(1 - gbﬂ)p?r + ¢7r]7lm07r - Xpw - nﬂi| Tg—1
qg—1

+. B2 = B)p2 + 6al (heps + my1) = S5 = 1] €10

J
L e (A.16)

0= [6(1 - ¢7T)p72r + Box + Knr — pn] Ti—1

qg—1
+ ) [B(1 = ¢a)(prps + pis1) + 5 — pil e
=0
+[B(1 - wa)pwpq + K+ 1 — pq] €t—q (A.17)

For {pr, po, p1, P2, M=, Mo, M1, M2} to be solutions, equations (A.16) and (A.17) should hold for any

20The targeting rule (A.15) is equivalent to the one derived in Leitemo (2008) for ¢ = 0.
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{m,e:}. Thus, the unknown coefficient p, is determined by the system

BI(L = 62)p2 + Sulape = $pr— 1 =0 (A.18)

B(L = ¢x)ps + B+ ke — pr =0 (A.19)

Solving (A.19) for p, and substituting into (A.18), p, is the stable solution of the following

polynomial equation of order five:

0= 63(1 - gbﬂ)Qp?r - 62(1 - gbﬂ)pi + 2¢7r63(1 - gbﬂ)p?r - (6(1 - gbﬂ) + BZQSW) p72r
(2
+<1wx+ﬁﬁ)w—ﬁ% (A.20)
Note that the limit case ¢, = 0 implies p, = 0 so that the targeting rule (A.15) collapses

to m = —(A\/k)x;. In the limit case ¢, = 1, the targeting rules under optimal unrestricted

monetary and discretionary policy are equivalent.

A.2 Microfounded central bank loss and Phillips curve

In this section, we derive the targeting rules under optimal unrestricted monetary policy (com-
mitment) and under optimal discretionary policy using the microfounded hybrid New Keynesian

Phillips curve that follows from partial price indexation:
Ty = letﬂ-tJrl + WoT¢_1 + W3y + Et—q <A21)

with w; = B/(1 + B7v), wo = /(1 + B7), and ws = k/(1 + B7).2 ~ is the degree of price
indexation. Following Woodford (2003), the welfare theoretic loss function based on (A.21) is

given by

Lossy = Vary(m — ym_1) + AVary(x) (A.22)

21 A similar Phillips curve is used by Smets and Wouters (2003).
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with

K

= T3P (A.23)

where y is the elasticity of substitution between differentiated goods. k can be presented as
a function of structural parameters. Assuming separable preferences and neglecting capital,

1— 9)(1 536)

k= (0+ n)( where 0 is the Calvo parameter, o is the inverse of the intertemporal

elasticity of substitution, and 7 is the inverse of the Frisch elasticity of labor supply.??

A.2.1 Commitment

The central bank minimizes the loss function (A.22) subject to the Phillips curve (A.21). The

Lagrange function to this problem is given by

Jto = Eto Z /Btito {(ﬂ't — ’)/7Tt71)2 + )\.T? + ,Ut[let’Tl'tJrl — T + WoTl¢_1 + W3y + &'tfq]} <A24)

t=to

with the first-order conditions

oL A

L — o\ + wipy =0 & = —2—umu (A.25)

o0xy w3

0L,

% = 2(7Tt - '77th1) — M — 257(Et7rt+1 ’Y7Tt) + BuwaEyfir "‘ 3 ,Ut 1=20 (A-26)
t

& 28vEm1 — 2(1 + BT + 2ym—y = BwaEiri1 — i + 3 /~Lt 1 (A.27)

The optimal monetary response of the central bank can be summarized by the following tar-

geting rule:

A A A Wy
ByEmi — (1 + 572)7% +ym_1 = ——Bwe By + —xp — ——1 (A.28)
w3 W3 ws B
22y can bet set to 8 implying a steady state price mark-up on the goods market of approximately 14 percent.
Setting 0 =n =2, 8 =0.99 and § = 0.75 gives x = 0.34.
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A.2.2 Discretion

To derive the discretionary policy, we again use the following reduced-form solutions:

Ty = PrTi—1 + Lot + P1E€t—1 + ...+ Pqt—q <A29)
Tt = NeTp—1 T NoEt + TEt—1 T+ ... T NgEt—q (A.30)
implying
Eymigr = pamea + (prpo + pr)ec+ o+ (Prpa1 + Pg)et—qi1 + PrPofi—g (A.31)
Eiip1 = Napaioa + (Mepo + m)ee + -+ (NepPg—1 + Mg)Et—gi1 + NxPyEt—q (A.32)

Replacing Fym, 1 in the Phillips curve (A.21) gives
T = (wi1p2 + we)M_1 + wsms + Ky (A.33)

where k; = wi[(prpo+p1)et+ - .+ (Prpg—1+ Pg)t—gt1+ PrpeEt—q] +€t—q. The Lagrange function

to the discretionary optimization problem is then given by
Jto = Eto Z ﬁtito {(ﬂ't — ’)/7Tt71)2 + )\.T? + Mt[wlpi’ﬂ't,1 — T + WoTl¢_1 + W3y + kt]} <A34)

t=to

with the first-order conditions

OL A

—t = 20y +wspy =0 & = —2—xy (A.35)

o w3

OL

8—7rt = 2(m — ym1) — e — 2B87(Eymiga — ) + Blwipr + wa) Eyper = 0 (A.36)
t

& 28vEmy — 2(1+ By?)my + 2yt = Blwip? + wo) Eypie1 — e (A.37)

Thus, the optimal discretionary monetary response reads

A A
ByEymi — (1 + 5’72)7% + M = —w—ﬁ(wlpi + wo) By + w—llft (A.38)
3 3
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which is independent of the anticipation horizon q.
To determine the unknown coefficient p,, we replace x;, 7, Eymiyq, and Eyzyyq in the Philips

curve (A.21) and targeting rule (A.38):

q
0 = [wlpz— — Pr —+ Wsalx —+ CUQ} T¢—1 —+ Z’(/}Ljf:t_j (A39)
j=0
w1 Wa A 1
0= w—sﬁkmpf’r + Byps + (w—sﬁknn -1~ 572) pr = et v] T+ > tase;  (A40)
7=0

where v ; and 1), ; are constants which are not relevant for the determination of p, and n,. p.

and 7, follow from the solution of

W1p2 — pr + Wy +wy =0 (A.41)

w w A
LBNpS 4 Bryp? + <—26M77r —1- 672) pr— N +7=0 (A.42)
w3 w3 w3

The two equations can be reduced to a single equation of order five:

w? W Wio W w1
—BA—Spn+ BA—pn + <—25A — ) Py + (67 + PSS + AE) pa
3 3 3 3 3
w2 A w
+(—6>\w—§—1—672—y) prt A3 47 =0 (A.43)
3 3 3

S —BIwipl + BAwipy — 2B wiwapl + (Byw; + BAws + Awr) ol

— (BAS + ws + BY°wi + A) pr + Adwz + 7 =0 (A.44)

The limit case v = 0 implies wy, = 0 and p, = 0.

B Derivation of variances and loss

B.1 Hybrid univariate model

In this section, we derive the variance of a hybrid univariate model of the form

Yy = aEtyt+1 + byt—l + CE¢—q (B]_)
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with e, & N(0,0%) can be written as MA(oo) of the form

[ee) q (e ¢) q
y= 0" Y 0 siig =) 0°hes with he=) §"Gocriig (B.2)
s=0 k=0 k=0

s=0

where o = (1 — /1 —4ab) /(2a), By = ¢/(1 — aa), and § = a/(1 — aa). The variance of y; can

be derived as follows:

0o 00 q q B
Var(y) = Z oﬁozg Z 5k5kE(8t,s+qu€t_§+,;_q) (B.3)
s=0 3=0 =0 k=0

28+j+152k‘+j+10_2 (B4)

H
Fﬂg
§
+l\9
(\»)
SN
M2
Q

= 631)150'2 -+ 26311}150'2 <B5)

v; and w; can be simplified to

(e8] q
s 11— 42t
w=) ) = (B.6)
s=0 k=0
oo q—1qg—1—j A
w; = Z s titlg2kti+l (B.7)
s=0 j=0 k=0
oo 1 00 q—1
_as . d ; 52(a+1) 2 N J+l
S L i) e Z(E) (B2
s=0 7=0 s=0 7=0
a1 1—(ad) ad®e) 1 1 () (B.9)
C1-81-0a2 1—aé 1-8 1-a® §—« '
In summary, the variance of y,; is given by Var(y;) = V(q) where
Vig) = o g g @ 1= (a6)7] + 2—— [§%@+) — §2(a6)7] | 0
(1—a?)(1-462) 1—ad a—94
(B.10)
Note that V(¢) can also be written as
Vig) = Y ——[Var(hy) + 2aCov(xs_1, hy)] (B.11)
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where

5

Var(h) = =5 (1 — 52t g? = 524 25% (B.12)
ﬁg 5 1 2 1 2 2
Cov(zi_1,hy) = 5 {1 — [1— (ad)Y] + 5 (621 — §2(a0)?] } o (B.13)
K 1—j
= /3020252 (ad)’ Z 52 (B.14)

B.2 Purely forward-looking price setting

In this section, we discuss the variance of the output gap, the inflation rate and the central
bank’s loss in the limit case of purely forward-looking price setting behavior. In this limit case
(¢r = 0), the New Keynesian model under optimal unrestricted monetary policy given by (A.1)
and (A.6) reduces to

T = BET1 + KTy + &g (B.15)
A
I —E(:Et - $t_1) (B]_G)

The output gap x; can be written as hybrid univariate model equation of the form (B.1) with

a=[b (B.17)
A
K

Hence, the variance of x; is given by Var(z;) = V(q), where

2a
T 1+ V1 —dab (B.20)
B 1 —+/1—4ab
Vi 21
(=02 +20+p)z+ 2"
1 —4ab = T157 27 (B.22)
K,2
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Since dVar,(h:)/dq > 0 and dCovy(z¢-1,ht)/dq > 0, it holds dVar,(x;)/dg > 0.

The variance of the inflation rate can be deduced from the targeting rule (B.16):

Var(m) =2 (%) (Var(zy) — E(z4xi1)) (B.24)
7 i o (%) [Varg(he) — (1 — a)Covy (-1, hy)] (B.25)
- lia (2) o [Z 6% —(1-a)d }_(ad) > &% (B.26)

k=0 j=0 k=0

To derive the condition for Var,—q(m) > Var,.(m), note that

Var,—o(hy) = Bjo? (B.27)
Covg—o(xi—1,ht) =0 (B.28)
Var, soo(hy) = % o’ (B.29)
e 1— 62
B 6

CO'Uq—)oo(xt—la ht) =

T—5°1—as’ (B.30)

!
Using the definitions (B.17) to (B.19), Var,—o(m) > Var,.(m) is equivalent to

1—
(1 — )Covgsoo(@i1, he) > Vargohy — Vareohy <& T 55 >0 & (B.31)
1-pta—28"1a®>>[2+ 8 Na—1]\/1-4p"1a2 & (B.32)
5 K K2 K2 K?
- 1+28)—+ — ——\/1—221—— B.
@ -p+ s> (5-5) - nS 4 (B.33)
Let z = k?/), then inequality B.33 can be simplified to
2 +2(1+8)z+8(B—-2)>0 (B.34)
and holds if
2
z:%>\/1+46—(1+ﬁ) (B.35)

Although the variance of the inflation rate may decrease with increasing anticipation horizon
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q, it can be shown that the loss
Loss, = Vary(m) + A\Vary(x;) (B.36)

is always smaller for ¢ = 0 than for ¢ — oo. It holds:

2 /A\?1- 1 1 1 1
Lossy oo :{ (—) 0 + A +a5} e (B.37)

l+al\k/) 1—adl—62 1—a21—-46021—ad
2 /A\? 1
LOSSq:() = {1+a (;) +)\m} 30'2 (B38)

!
Then J,_,o0 > Jy=0 is equivalent to

220 (14 6)] < Q(ﬁjz()tf—a;)) o 2VT—dab—b <b+b(1+B)VI—dab (B.39)

"
Since b=1/[1+ B+ 2|, 1 —4ab=1—45/[1 + 8+ 2], (B.39) is equivalent to

0<48(1=BP+B2—-B)(1+B+2) +4(1+ 5+ 2) (B.40)

This inequality is always satisfied since z = k2 /) > 0.

B.3 Purely backward-looking price setting

In this section, we discuss volatility results in the opposite limit case of purely backward-looking
price setting behavior. In this limit case (¢, = 1), the New Keynesian model under optimal

unrestricted monetary policy given by (A.1) and (A.6) reduces to®3

Tt = 671'15,1 + KTy + €t—gq <B41)
A
Ty = —;<I‘t — /BQEt.TtJrl) <B42)

ZNote that under purely backward-looking price setting behavior, the model under discretionary policy is equiv-
alent to the model under unrestricted monetary policy. Thus, the results in this section also hold in the regime
discretion.
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The inflation rate can be written as a hybrid univariate equation of the form

Ty = aEtﬂtH + bﬂ'tfl + C(&'tfq — 62Et€tfq+1)

(B.43)

with ¢ = /(1 + ¢+ ¢B%), b = Bc, a = B%c, and ¢ = \/(k?). The system can again be written

as

Ty = Zasht,s
s=0
where o« = (1 — v/1 — 4ab)/2a and

q q—1
k 2 k
hy = E 0 505t+k—q - E 4 505t+k—q+1
k=0 k=0

The variance of the inflation rate can be derived as follows:

q—1

2
k
o 50€ts+kq+1>

00 q 00
Var(m)=FE (Z of Z 5kﬁogt,s+k,q — B2 Z o’
k=0 s=0

s=0 k=0

=V(g) —28°Z+B'V(g—1)

where V() is given by (B.10) and

B 0o q 0o qg—1
Z=F (Z a’ Z 5k50€ts+kq> <Z a’ Z 5k505ts+kq+1>]
L k=0 k=0

s=0 s=0
B 0o 00 g—1
=F (Z oﬁﬁoatsq> (Z o’ Z 5k505ts+kq+1> +6V(g—1)
| \s=0 s=0 k=0
a 11— (ad)? , , O 52 2 S j
= _1) = 1
1—a?2 1—ad 00" +oVig—1) 1— oﬂﬁoa Z<&5) +oVlg )

=0
Then Vary(m) can be written as

a 11— (ad)? 2 2

Var(m) = V(g) - 28* =000 gt 4 (84 = 28%0)V (g — 1)
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C Solution method for rational expectations models with
news shocks under optimal unrestricted monetary pol-
icy

The hybrid New Keynesian model under optimal unrestricted monetary policy given by equa-

tions (A.1) and (A.6) can be written in matrix form

q)StJrl = \I[St + g1 (Cl)
~ ~ ~ ~ 0 1 -1 . ~
where sy, = (ﬁt(i)uﬂ?tﬂaﬂtﬂaEtfctﬂ’EﬂTHl)" TIt(% = (?7§+)1, 77E+)1a e aﬁt(il ), ﬁt(i)ﬂ' with 7, =

Ty_1, T = M1, nij) =¢e_;Vj=0,...,qand g = (1,0,...,0), and

Ioys Oax(g43)

b = (C.2)
0(q+3)><2 %
- Vi1 Ogt1)xs (©3)
Oaxg W
with O, xm as (n X m)-dimensional zero matrix, I,, as n-dimensional identity matrix, and
A62¢W 0
Dyy = " (C4)
0 5(1 - gbﬂ)
0
\Illl — txa (C5)
Iq
0 0 0 1 0
0 0 0 0 1
Pyy = (C.6)
0 —(1-9¢)2 0 2 1
1 0 By —k 1
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Let wyq = (ﬁt(i)l,ftﬂ, Tir1)" contain the backward-looking variables. The variance-covariance

matrix Cov(w;) = X, in vectorized form is given by
vece(Sy) = (Ligrap — M @ M) 'vec(gg')o” (C.7)

where M = 7,15 T11 Z;*.** According to Séderlind (1999), Z11, Si1, and T, follow from the
Generalized Schur decomposition ® = @,57 and ¥ = @/T? with
S Si2 Ty Tio Zu Lo

S = . T = . Z= (C.8)
0 522 0 T22 Z21 ZQQ

@ and Z are the complex-conjugates of @ and Z, respectively. The (g + 3 x g+ 3)-dimensional

submatrices S1; and T3 contain the stable eigenvalues of the system (C.1).

24Note that Sp;' and Z;;' exist if the conditions of Blanchard and Kahn (1980) hold.
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