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In a recent article, Lars E. O. Svensson (1997) shows that state-contingent inflation
targeting induces an independent and “conservative” (in the sense of Kenneth Rogoff, 1985)
central bank to follow the optimal monetary policy rule when employment is persistent.!
In this comment we argue that the state-contingent nature of the delegation scheme may
undermine its credibility. Subsequently we show that it nevertheless is possible to attain
the optimal rule in Svensson’s model through state-independent delegation.

In his forceful critique, Bennett T. McCallum (1995) argues that the literature on mon-
etary policy delegation does not address the basic credibility problem underlying monetary
policy, but that delegation merely relocates the problem from the central bank to its po-
litical principal, for example, the government. This is because the principal always has
the incentive to change the delegation arrangement once inflation expectations have been
formed. McCallum’s critique may be particularly relevant for state-contingent delegation
mechanisms, because if it is possible to adjust, for example, an inflation target before
inflation expectations are formed (as is the case in Svensson’s model), it should also be
possible to change the target when expectations have already been determined.

Credibility of a delegation arrangement typically relies upon some costs that the prin-
cipal incurs when the arrangement is altered (this is often implicitly assumed in the lit-
erature, as noted by Stanley Fischer, 1995; see Susanne Lohmann, 1992, on the nature
of such costs). Hence, a state-contingent delegation mechanism is paradozical, because on
the one hand its credibility requires that altering the arrangement be sufficiently costly,
while on the other hand such costs may preclude adjustment of the arrangement when
actually justified by a change in the state of the economy. Moreover, one way of making
these costs sufficiently large would be to include the arrangement in the central bank’s
charter. But as noted by Torsten Persson and Guido Tabellini (1993), it may only be
possible to write simple, i.e. state-independent, arrangements in the charter.? Hence, only
state-independent delegation may be credible and feasible.

As mentioned, we show that it is possible to achieve the optimal monetary policy rule in
Svensson’s model through state-independent delegation. More specifically, the central bank
is required to make an appropriate trade-off between achieving a constant nominal income
growth target and attaining the socially optimal (constant) target values of output and
inflation.> Such an arrangement should be more robust to McCallum’s critique, because

one could specify the constant target values in the central bank’s charter.

!Similarly, Ben Lockwood (1997) finds that the optimal linear inflation contract under output persis-
tence is state-contingent.

2Svensson himself does acknowledge that “In practice, only constant targets may be feasible” (p. 110).

$Nominal income (growth) targeting is the subject of an ongoing debate among policymakers and
researchers (see Robert E. Hall and N. Gregory Mankiw, 1994, and the references therein). Although
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Even if state-contingent inflation targeting is possible, our arrangement may be prefer-
able in other respects. For example, adjusting the inflation target to reflect new economic
realities would require negotiations and compromises among the various parties that are
involved. Such a process runs the risk of political pressure or interference.*® Furthermore,
our arrangement may be relatively more acceptable to the public, because Svensson’s re-
quires that, in order to provide the right incentives for the central bank, the inflation target
needs to be set lower when unemployment is higher. Such an arrangement might be hard
to sell to the public.’ In contrast, our arrangement keeps targets constant, irrespective of
whether employment is low or high. Finally, under our arrangement there is no need to
impose target values for the primary policy variables (inflation and output) which differ
from their socially optimal values. This contrasts with Svensson’s arrangement where the
inflation target is on average below the socially optimal inflation rate, which could cause
problems with the public’s understanding of the arrangement (as is also argued by Persson
and Tabellini, 1998).

The remainder of this comment is organized as follows. Section I presents the model
and shows that by imposing a constant nominal income growth target on the central bank,
the optimal monetary policy rule is achieved. Section I concludes with a discussion of the

robustness of our results. The appendix contains the technical details.
I. State-Independent Delegation and Optimal Monetary Policy

The model and the notation follow Svensson (1997). However, because we will focus
on nominal income growth as an intermediate target, we will present the model (as in
Svensson, 1995) in terms of output rather than employment. It is formulated over an
infinite horizon. There is a private sector, a government and a central bank. Each period,

inflation expectations 7§ are formed first. They are assumed to be rational, i.e., 7f =

explicit nominal income growth targeting is rarely adopted by central banks, their policies may implicitly
be guided by nominal income growth, because data on nominal income are often more precise and more
readily available than real income and inflation data. This comment, however, addresses nominal income
growth targeting from a normative perspective.

4 A case in point is the fact that the New Zealand Reserve Bank Act of 1989 leaves open the possibility of
resetting the inflation target (range) under some circumstances. In 1996 this caused heated public debates
which lead some observers to conclude that the country was “back to politicized monetary policy.” See
Frederic S. Mishkin and Adam S. Posen (1997).

5A detailed analysis of the political economy of delegation under output persistence is beyond the
scope of this comment. See Gunnar Jonsson (1997) for an explicit analysis of political processes within
the current framework.

6There is casual evidence that incentive schemes which promote low inflation in times of high unem-
ployment are considered provocative to the public. For example, a proposal to induce low inflation through
pecuniary rewards to the central banker was not included in the New Zealand Reserve Bank Act of 1989.
See Charles Goodhart and José Vinals (1994).



E; 1[m], where E; 1 [.] is the expectations operator conditional on all information available
in period ¢t — 1. Then, a supply shock &; hits the economy. Next, the policymaker selects
the inflation rate, m; (over which it has perfect control). Finally, output is determined.

The (log of) output is given by a Phillips-curve relationship:
w=pp1ta(m—7n)+e, a>0 0<p<l, (1)

where ¢; is an i.i.d. mean-zero shock with finite variance. Output is persistent with
the degree of persistence given by p. The long-run natural output level, limg .o E; 1 [y,
is normalized to zero. Society’s (and the government’s) preferences are represented by
Eo [>5°, B L], where 0 < 8 < 1is a discount factor and L, = 3 [(m; — ™) + Ay — y*)?

is the per-period loss function. Here, 7*

is the socially optimal inflation rate and y* > 0
is the socially optimal output level. The latter is assumed to exceed the long-run natural
output level, which may be too low, for example, because of distortions in the labor market.
Parameter A > 0 is the relative weight attached to output versus inflation stabilization.

The socially optimal inflation rule is (see Svensson, 1997)

Ao -
14+ Aa? — [p?

Ty =T — 8&, S=

0, (2)

which shows that inflation should on average match its socially optimal rate and that the
degree of output stabilization in response to supply shocks is increasing in A (because
society cares relatively more about output), in p (because current shocks have a stronger
effect on future output) and in § (as the effect on future output is considered to be more
important now).

In reality, commitment to an inflation rule is usually not feasible. In the following,
we will therefore consider the delegation of monetary policy to a central bank acting in a
discretionary fashion. Delegation involves the assignment of an objective function to the
central bank, which is then free to select the inflation rate. Specifically, the central bank
minimizes Eq [} 0, 8* ' L?] where L, the per-period loss function assigned to the central
bank, is given by

Li=c[(1+f) (m =)+ My — y")* + (9 — 9)°] (3)

N —

where

gt =T + Y — Y1, (4)

is the nominal income growth rate. Hence, the central bank shares society’s preferences,



but is assigned a constant nominal income growth target equal to g. Parameter ¢ captures
the relative weight attached to this target. In addition, the central bank may be required to
attach relatively more (f > 0) or less (f < 0) emphasis than society on stabilizing inflation
around its social optimum. Such an objective function could be imposed by including the
policy targets in the central bank’s charter and imposing an appropriate “system of rewards
and punishments” (cf. Rogoff, 1985) based on deviations of realized policy variables from
their targets.” Following Persson and Tabellini (1993, 1998) or Carl E. Walsh (1995) one
could also broadly interpret such a system as a “performance contract.”

To derive the central bank’s policy, let V? (y; ;) be the discounted sum of the central
bank’s per-period loss functions from period ¢ and onwards under delegation. Then, the

Bellman equation associated with its decision problem is given by
.1 x x
V2 (1) = Beamin {3 [0 £) (= 70 Mo =9 00— 0] + 0V )} )

where the minimization is performed subject to (1) and (4), taking 7§ as given. For later

use we state the relevant first-order condition:

(1+f) (m — ) + Ay — y*) + (1 + @) (g: — 9) + BaV]) (y:) =0, (6)

where Vyb denotes the first-order derivative of V. It turns out that the central bank selects

an inflation rate of the following form:
T =a—bey — ey 1, (7)

where a, b and ¢ are functions of the parameters of the model and of the delegation
parameters.® If f = ¢ = 0, then L® = L;, which corresponds to the case in which
monetary policy is under direct control of the government. For this purely discretionary
case, the expressions for a (with y* replacing ¢*), b and ¢ are given in equations (20)
and (21) in Svensson (1997). One has that a > 7*, ¢ > 0 and b > s which compared

with the socially optimal inflation rule, (2), reveals three biases. First, a > 7* reflects a

"Such a system could, for example, involve making the reappointment of the central banker dependent
upon the deviations of policy variables from targets. Also, the arrangement could require the central bank
to justify in public, through official reports or before parliament, any deviations from the nominal income
growth target. The parameter 1) could then be interpreted as quantifying the extent to which deviations
are tolerated, e.g., it could be a proxy for the width of a target band for nominal income growth.

8The solution methodology parallels that in Svensson (1997). In particular, one conjectures V? to be
linear-quadratic, whereby (6) yields policy as a function of the unknown parameters of V°. By inserting the
policy function and the implied expression for expected inflation back into (5), the conjecture is verified.
The unknown parameters — and thus the policy function — can subsequently be identified.



constant average inflation bias. It arises because the output target y* is above the long-
run natural rate. This creates a permanent incentive for monetary expansion which in a
rational expectations equilibrium only leads to higher inflation. Secondly, ¢ > 0 implies a
state-contingent inflation bias which arises because the incentive for monetary expansion
depends on past period’s output due to output persistence (see Lockwood and Apostolis
Philippopoulos, 1994). Finally, because b > s, there is a stabilization bias (see Lockwood,
1997, and Svensson, 1997). The source of this bias is the anticipation of a state-contingent
inflation bias in the future, which provides an additional incentive to stabilize current
output against supply-shocks. As a result, inflation will be too variable.

For (7) to reproduce (2), the delegation parameters thus need to be selected in such a
way that a = 7%, ¢ = 0 and b = s. The following proposition, which is proven in Appendix

A, shows that this is indeed possible:

PROPOSITION. The optimal inflation rule (2) is attained by setting (¥, f,g9) = (¢¥*, f*, g%)
where V%, f*, and g* are constants given by, respectively, (8), (9) and (10) below.

The remainder of this section explains this result.
It is convenient to consider the elimination of the state-contingent inflation bias first,

so that ¢ = 0. This is done by setting 1 equal to:

Aap

VAT =R Ta(= 5

> 0. (8)

To offset the incentive for higher inflation if ¢, 1 is below the long-run natural level [see
(7)], ¥ should be positive. To gain some intuition for expression (8), suppose first that the
central bank were to act as if the future carries no weight. That is, as if 3 = 0. Consider
a one-unit reduction in g, ;, which lowers y; by p units. This raises the marginal benefit
of inflation by Aap, cf. the first-order condition (6). In addition, nominal income growth
is increased by 1 — p, which increases the marginal cost of inflation by ¢ (1 + «) (1 — p).
At ¢p = " the changes in the marginal benefit and cost of inflation should be equal,
hence Aap = " (14 «) (1 — p), which gives (8) for # = 0. However, because the central
bank does care about the future, i.e., 5 > 0, the incentive for higher inflation if y;_
is lower is even stronger. The reason is that an inflation surprise will reduce the state-
contingent inflation bias in future periods also, because of the persistence in output. As
a result, deviations from the nominal income growth target should be punished more
severely. Indeed, (8) shows that ™ is increasing in 3. Moreover, 1" is increasing in A,

because a stronger concern for output raises the marginal benefit of inflation if y,_; is



reduced. Correspondingly, the marginal cost of inflation needs to be raised. A higher p
implies that a reduction in y,_; has a larger effect on current output, thereby raising both
the current and future marginal benefit of inflation. Hence, ¢* also depends positively
on p. Finally, ¥* is increasing in «, because a higher o makes inflation more effective at
raising output.

Given that ¢ = 9", the stabilization bias is eliminated (i.e., b = s) if f equals:

1+ a) (1 - Bp® — Aap)

-1
Aap

f*

(G

9)

AIV
o

Although the stabilization bias arises from the presence of a state-contingent inflation bias,
removing the latter does not ensure efficient shock stabilization. Introducing a nominal
income growth target distorts stabilization such that the socially optimal balance between
output and inflation variability will in general not be attained. To restore this balance,
the central bank generally has to attach a different relative weight to inflation stabilization
than society, as (9) shows. For example, as we saw from (2), higher values of \, 3 or p
require a more active stabilization policy from a social perspective. Therefore, f* needs to
be reduced. In fact, f* may even be negative, implying that the central bank should pay
relatively more attention than society to output rather than inflation stabilization. Hence,
in contrast to Svensson’s state-contingent inflation targeting arrangement, our arrangement
does not provide an unambiguous case for central bank conservatism.”

Finally, the average inflation bias is eliminated (i.e., a = 7*) if the central bank targets
nominal income growth at a constant rate of:
Aay*

e 1o

The nominal income growth target should be lower than the socially optimal inflation
rate. To see this, note first that if y* = 0, the average inflation bias is absent. The optimal
nominal income growth target would then simply be given by 7*, cf. (10). However, if
y* > 0, the nominal income growth target should be set below 7* in order to offset the, in
equilibrium futile, incentive to raise output above its long-run natural level. Given 1)*, this
incentive is stronger if A, o, 3 and p are higher, which requires a corresponding reduction

in g*.

YConservatism is needed under Svensson’s arrangement because the state-contingent inflation target
introduces additional inflation variability. This is corrected by having the central banker attach a higher
relative weight to inflation stabilization.



I1. Discussion

Above we have analyzed constant nominal income growth targeting as a way to attain the
socially optimal inflation rule in Svensson’s (1997) model. In order to induce the central
bank to perform policy according to this rule, the state-contingent inflation bias has to be
eliminated. Because both the state-contingent inflation bias and nominal income growth
depend on lagged output, introducing a nominal income growth target eliminates the effect
of lagged output on inflation if the target is given an appropriate relative weight. Not sur-
prisingly, this relative weight is increasing in the parameters that in the absence of nominal
income growth targeting would worsen the state-contingent inflation bias. However, the
introduction of a nominal income growth target distorts the balance between inflation and
output variability, which requires that the central bank be made more or less conservative.
Finally, with an appropriate choice of the rate at which nominal income growth is targeted,
the average inflation bias is eliminated.

The result that our arrangement can induce the central bank to choose the optimal
inflation rule depends on the specific Phillips-curve that we employ. For more elaborate
specifications of the Phillips-curve, involving more state variables, our result will not hold
in general. In such cases, state-contingent arrangements would be needed to induce the
central bank to follow a policy according to the optimal inflation rule. However, as we
argued above, such arrangements may not be credible, and it is therefore of interest to
compare the performance of our arrangement with state-independent inflation targeting.
As an example, consider an extension of the model in which the private sector receives some
signal 6;_1 about the period-t supply shock prior to the formation of period-t expectations
(as in Berthold Herrendorf and Lockwood, 1997). In the current context, the (log) of
output then becomes:

Y= pY1 +a(m —75) + 0,1 + ey, (11)

where #;_; is an i.i.d. mean-zero, finite-variance shock, which is independent of ¢, for any
7. Hence, 0;_; introduces an additional state variable which creates a new and indepen-
dent source of variation in the inflation bias. Even though our constant nominal income
growth targeting arrangement is no longer able to reproduce the optimal inflation rule
when (11) applies, we show in Appendix B that it outperforms the constant inflation tar-
geting arrangement discussed in Svensson (1997, Section I1.C). The reason is that nominal
income growth targeting is superior in terms of addressing the state-contingent inflation
bias associated with output persistence because nominal income growth depends on lagged

output, as explained above.



Appendix
A. Proof of the proposition

In proving the proposition, we first have to find the solution to the central banker’s min-
imization problem as given by equation (5). Then, we demonstrate that ¢ = ¢*, f = f*
and g = g* secures that a = 7*, b = s, and ¢ = 0, i.e., that the socially optimal inflation
rule is attained.

Given the linear-quadratic structure of the model, V* will be quadratic,

1
VP (y) =49 + 7y + 572y2, (A1)

with the coefficients v, 7, and 7, to be determined below. Substituting Vyb(yt) =y, + YUYt

into the necessary (and sufficient) first-order condition [equation (6)] yields

(L+)me—7") + A (ye —y*) + ¢ (L + ) (g — g) + Ba(vq +72u:) = 0. (A.2)

Substituting y; = py:—1 + o (7 — 7¢) + & and g, = 7 + y¢ — Y1 into (A.2), and applying
that expectations are formed rationally, it is straightforward to derive the inflation rate,

given the parameters of the value function:
= a — bey — ey,

[equation (7)] where

1+ f)m* + day* +¢ (1 +a)g — Bay,

— 9 (A.3)
_ a()‘+ﬁ72)+¢(1+a) (A4)
042(/\+572>+1+f+1/1(1+04)2’ .
_ap(A+By) ¢ (A +a)(l-p)
c= Q : (A.5)
and where
Q=1+f+¢v(1+a). (A.6)

The remaining step in solving for inflation as a function of the parameters of the model,
is the identification of v, and +, (the parameter -, is not of interest, as it does not affect
a, b or ¢; cf. above). To do this, note that by definition of the Bellman equation and

the conjectured form of the value function, (A.1), the following recursion must hold in



equilibrium:

Y 1 . .
70+71yt—1+72y§71 = Et—1{§ [+ ) (e =72+ A (ye — ") + 9 (g — 9)°]

+6 [% + 71y + %y?] } : (A7)

Now substitute (7), y; = pyr 1+« (7 — 7¢) + ¢ and g, = 7 + y: — y¢1 into (A.7), which
can then be written as

1+ f
2

Yot T + 2yt = By {

5 l[a—bey —cyp 1 — w*]Q (A.8)

A
+5 1+ (1= ab)e, — )

+% a+(1=(+a)b)e—(c+1=p)yer—g

+03 l% + 791 (pye-1 + (1 —ab) &) + %’72 (pys—1 + (1 — ab) 5t)2] }

We write out each of the terms on the right-hand side of (A.8) separately:

1+ f
2
1+ f

1+
— [a? + V202 + (7)? — 2am*] + (1 + f) e (7" — a) o1 + chzy?v

Ei [Cl —bey —cyp1 — 71'*]2 =

)\ %k >\ * *
EEtfl lpye1+ (1 —ab)e,—y ]2 D) [102%2—1 +(1— ab)Q o+ (y )2 = 2pY11Y ] ’

Eth la+(1—1+a)b)e—(c+1—p)yy—g]

2
= %[ 2+g(g—2a)+ (1 - (1+a)b)’o?]
+¢(C+1—p)(g—a)ytfﬁy(cﬂ—0)23/371,

2

1
BE; [70 71 (pye-1 + (L= ab)ee) + 572 (pyr-1 + (1 — abd) &)21

1 1
= f l% + 572 (1- O‘b>2 o7 +y1py—1 + 572P2?J::211 )

where 02 = E;_; [¢7] is the variance of &;. Collecting terms on the right-hand sides of these



four equations, we can write the right-hand side of (A.8) as

(1 ab?o? + ()] + T

% [a® + b2 + 7" (7 — 2a)]

+ %[a +9(g —2a>+(1—(1+a)b)203}+/370+%ﬂvg(1—ab)203
+[ Apy"+ 1+ fle(@ —a)+ ¢ (c+1—p)(9—a)+ 1oy
_I_

2+ (L4 1) E+ 0 (c+1—p)? + Brap®] v2 1.

This verifies the conjectured form of the value function. Equating the coefficients of y2 |
and y;_1 in this expression to the corresponding coefficients on the left-hand side of (A.8)

yields two Riccati equations in, respectively, v, and ~;:

Yo = M+ A+ +P(ct1—p)+ By’ (A.9)
Y= Ayt + A+ fle(m —a)+ ¢ (c+1-p)(g—a)+ Byp, (A.10)

where a, given by (A.3), depends on ~,, while ¢, given by (A.5), depends only on ~,.
Hence, the system (A.9) and (A.10) is recursive. Equation (A.9) determines v,, which
can be substituted into (A.10) to determine ~,. However, it is convenient to solve (A.9)
directly in terms of c. For this purpose, use (A.5) to express 7, as a function of ¢, which,

inserted back into (A.9), results in the following equation for c:

0 = Bap(l+f+v)?—[Q(1—Fp*) —2Bapy (1 —p)] e
+dap =P (1—p) [1 = Bp* +a(l—Bp)]. (A.11)

The existence of real solutions for ¢ (and ~,) requires that
2
[ (1= 8p*) —2Bapi (1 - p)]

—4Bap(1+ f+ ) [dap—v (1 —p) (1 = Bp* + (1 — Bp))] > 0. (A.12)

If the left-hand side of (A.12) is positive, then (A.11) has two solutions. This implies the
existence of two inflation equilibria, as in Lockwood and Philippopoulos (1994). However,
the literature on monetary delegation has argued that only the equilibrium associated with
the smaller root of (A.11) is relevant; see, for example, Svensson (1997). The solution for

c is therefore given by
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Q1 = Bp*) = 2Bapp (1 - p)

2Bap (1+ f+ )
1901 8p2) = 25apy (1= p))* — 4Bap (1 + f + 1) @ s
2Bap (1 + f +1)) ’ '
where
@ =Xap—P(1—p)[1l-Bp*+a(l-Fp)]. (A.14)

Because we now have a solution for ¢ in terms of the parameters of the model, it suffices
to solve a and b in terms of ¢. First we solve for a. We rewrite (A.3) to express vy, in terms

of a:
A+ )T+ Ayt +p (14 a) g —aQd

Y1 = ﬁa
Then rewrite (A.10) as

(A.15)

Y1 (1= Bp) = =Apy" + (1 + fle(m" —a) + ¢ (c+1—-p) (g —a), (A.16)

and substitute (A.15) into (A.16) and multiply both sides by Sa to give:

1+ )7 (1=5p)+ (1= Pp) day™+ (1= Fp)Y (14 a) g — a2 (1 — Bp)
= —Parpy” + ol + fle(r* —a) + Bay (c+1—p) (g —a).

This yields the explicit solution for a:

ooy + (A4 L= Blptag]m +¢[l - Flp+ac)+all-Flg

Q(1—0Bp)— 1+ f)afc—vpaf(c+1—p) (A.17)

Note this solution for a is unbounded if Q (1 — 8p) — (1 + f)afc — Yaf(c+1—p) =0
(and so is the solution for 7,). Therefore, the value function fails to exist for this particular
parameter configuration and the equilibrium exhibits a discontinuity. To rule this out, the
following restriction on the parameters must be imposed (Svensson, 1997, makes a similar
assumption):

Q1 —=p6p)— (14 f)afc—vaf(c+1—p) > 0. (A.18)
Finally, to find b, we first rewrite (A.5) as

a()\+572)+¢(1+a):CQ+¢;1+Q), (A.19)
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hence,

2
a%A+ﬁh%Hl+ﬁ+wﬂ+ﬂf:fm9+a¢u+aﬂl_m;(khﬂp+wﬂ+a){

which [using the definition of €2, (A.6)] can be written as:

(ac+p)Q+v(1+a)a
P

AN+ By)+ L+ +v(l+a) = (A.20)

Substitute (A.19) for the numerator of (A.4) and (A.20) for the denominator of (A.4).

This yields the solution for b as a function of c:

B Q+Y(1+a)
b= (ac+p) Q2+ (1+a)a (A.21)

To sum up, the central bank conducts policy according to (7), with a, b and ¢, respec-
tively, given by (A.17), (A.21) and (A.13). Now we consider how to choose the delegation
parameters 1, f, and g so as to obtain a = 7*, b = s, and ¢ = 0.

From (A.13), ¢ = 0 requires that ® = 0. From the definition of ®, (A.6), it follows that
® = 0 if we set ¥ equal to

Aap
(I=p)[L=Bp*+a(l—Bp)

w*

which is indeed the expression for 1" in equation (8).

Given that ¢ = 9", hence that ® = ¢ = 0, expression (A.21) reduces to

(1 +a)

bh—
P+ (1+a)a

, where Q" =1+ f+¢" (1+ ).

Hence, in order to secure b = s, we must have [using the definition of s, see equation (2)]:

V" (14 a) B pYe!
P+t (1 +a)a 1+ a2 — Bp*

By the definition of Q* this requires us to set f equal to

L(1+a)(1—Bp* —Aap)

/ Aap

(8

_1’

which is indeed the expression for f* in equation (9).!Y

10 As mentioned in the main text, f* can be negative. This yields a proper solution, because the second-
order condition for a minimum is satisfied. To see this, differentiate (A.2) with respect to 7, which yields
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Finally, to ensure that a = 7*, we see from (A.17) that the following condition must

hold:
day' + (14 ) (L= o)+ 1= Pp+a(l-Pllg _
Q= (1= Bp) — ¢ aB (1 - p) ’

where Q* =1+ f* + 9" (1 + o) and where we use that ¢ = 0 if ¢ = ¢*. This condition

requires that g be set equal to

*

Aoy
V1= Bp+a(l-p)]

g =1 —

which is indeed the expression for g* in equation (10).

This completes the proof that by setting ¢ = ¢*, f = f* and g = ¢* one has that
a=m" b=s,and c =0 as required. It may be interesting to note that in contrast to the
state-contingent inflation targeting approach, our approach does not require restrictions
on the parameter space when the delegation parameters are set optimally. To see this,
substitute ¢* into (A.12) which reveals that the existence condition is always fulfilled.!?
Moreover, the continuity condition, (A.18), turns out to be irrelevant. This is seen by
substituting a = 7*, ¢ = 0 and g = ¢* into (A.10), which reveals that the solution for ~,

is always finite.

B. Proof that constant nominal income growth targeting outperforms constant

inflation targeting when output is given by (11)

First, note that if equation (11) applies, the socially-optimal inflation rule is again given
by equation (2). It is easy to see this, because inflation expectations are formed after the
relevant #-shock has materialized. Hence, output cannot be stabilized in the face of these
shocks and, therefore, it is optimal for society not to have inflation react to the #-shock.
We prove our claim as follows. First, we introduce another targeting regime (hybrid
targeting), of which constant inflation targeting is a special case. We show that there
exists a constant nominal income growth targeting arrangement which produces exactly
the same inflation rule as hybrid targeting. Then, we show that it is suboptimal to restrict

the hybrid targeting regime to the special case of constant inflation targeting.

a2 (A + Byy) + (1+ f) + ¢ (1 + a)® [where we have used equations (1) and (4)]. Use ¢ = 0 in (A.5) to
substitute ¥ (1 + «) (1 — p)/p for a (A + B75). Then, substituting (9) for f and using that ¢ > 0 by (8),
it is clear that the second-order derivative is positive.

1 The reason why existence may fail under inflation targeting (cf. Svensson, 1997, Appendix B) is that
the optimal state-contingent inflation target is a function of ¢, implying that the state-contingent incentive
for surprise inflation is offset. Thereby, the term cy; 1 does not appear in the equilibrium inflation rule.
The target, however, is only well-defined if ¢ is a real number. Our approach, on the other hand, involves
an arrangement which sets ¢ equal to zero for all parameter combinations.
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The hybrid arrangement (HYAR) involves assigning the following per-period loss to
the central bank:

L=< |(L+ ) (m — 7"+ Xy — y")* + ¥g? |- (B.1)

N —

Hence, under HYAR inflation is targeted at the constant rate 7 and nominal income growth
is targeted at a rate of zero. Parameters {b and f are the other delegation parameters.
Constant inflation targeting as considered by Svensson (1997, Section II.C) corresponds
to the special case with ¢ = 0.

The proof now proceeds in two steps. In Step I we show that there exists a map-
ping between the delegation parameters (f,1, g) under constant nominal income growth
targeting and ( f , {b, 7) under HYAR which ensures that constant nominal income growth
targeting can produce exactly the same inflation rule as HYAR whenever ¢ # 0. In Step 2,
we then show that a HYAR with {b = 0 cannot be optimal. Combining this with the result
of Step 1 we have that constant nominal income growth targeting outperforms constant

inflation targeting.
Step 1:

First we solve the model for the constant nominal income growth targeting arrangement.

The relevant Bellman equation is given by:
V? (4e-1) = Eioy min {% [+ £) (re = 7)° + Mo — v + (g — 9)°] + BV (yt)} ,
where the minimization is performed subject to
Yo = pye 1 +a(m— 7)) + 01 + &, (B.2)

lequation (11)] and g, = m +y, — w1, taking 7§ as given. The relevant first-order condition
is:
(L+f) (me =) + Xy — y*) + (1 + @)(g — 9) + BaE [V (ye) | I] =0,
where I; is the information set that includes all variables dated t and earlier, except for
0;. Hence, I; is the information set that is available at the moment that 7, is selected.
Conjecture that the value function is the following quadratic function:

1 1
VO (ye) = v + 11y + Evzyf + Y50 + 5749? + ¥50: ;.
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Hence, the first-order condition can be written as:

I+ f)me—7")+ A (ye —y") + ¢ (L +a) (g — g) + Ba(vq +72u:) = 0.

Substituting y; = pyr 1 + a (7 — 7¢) + 04 1 + ¢ and g = 7 + y; — Y1 into this equation
and applying that expectations are formed rationally, it is straightforward to derive the

inflation rate, given the parameters of the value function:

T =a — by — cyp_q — db;_q, (B.3)
where
:(1+f)7r*+)\ay*+¢(1+a)g—ﬁa”yl (BA)
Q ’ '
— a()\+ﬁ")/2)—|—¢(1+04) (B5)
042(/\+572>+1+f+1/1(1+04)2’ .
C:CYP()\“‘ﬁ")/Q)_g(l“‘a)(l_P), (BG)
_a(A+By) tyv (1 +a)
d= 1+f+9(1+a) (B7)
Further,
Yy = pyr—1 + (1 — ab)ey + 04, (B.8)
g=a+[1—(1+a)le,—(c+1—=p)yi1+ (1 —d)b,_1. (B.9)

The following recursion must hold in equilibrium:

1 1
Yo + V1Yt—1 + 572%2_1 + 301 + 5749?_1 + V50111

~ B, {% (L4 ) (me =72+ Mye — y) + 9 (9 — 9)°]

1 1
+ {70 + Y1+ 572%2 + v30: + 5749? + 759tyt} } :

Substituting (B.3), (B.8) and (B.9) into the right-hand side of this expression, yields:
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1 1
Yo +V1Yi—1 + =VoUiq + Vb1 + 57493_1 + V50191 (B.10)

2
1+ .
= E;,; { 5 / [a —bey —cyp1 —dby_y — 7 ]2
A 12
+3 [pye-1 4+ (1 — ab) e + 01 — y']
(U

+5 la+ 1= (1 +a)ble — (c+1—plys + (1= )y — oI

1 1
+03 {% + Y1y + 5723/? + 30 + 5749? + ’75‘9%4 } -

We write out each of the terms on the right-hand side of (B.10) separately:

1+
5 fEt—l [CL —bey — cyp—1 — dbi— — 7T*]2 =
1+ 1+
Tf [a® + b2 + (m*)? — 2] + (1 + f)e(m* — a) y_1 + 5 fCQthfl

1
(14 A —a) ey + %fcﬁef_l L+ f) edByrys,

A
EEt_l oy + (1 —ab)e; + 0,1 — y*]Q

A * *
= Sl + (- ab)? o? + (y)* — 2pp-1y”]

1
— Ay 01 + 5)\9?,1 + Ap0_1ye-1,

EE,f_1 a+(1—(1+a)b)e—(c+1—p) gy + (1 —d)bi_y — g

2
— %[a2+g(g—2a)+(1—(1+oz)b)202}
(et 1—p)(g—a) g+ et 1-p)Pe2,

2
+(a—g)(1 —d)b, 1+ %w(l —d)?0? | —Y(c+1—p)A —d)b_1y_1,

1 1
BE; 4 l’)’o + 71y + 5723/? + 730 + 57493 + 7591:%]
B 7o + 372 (1—ab) o + 574%% + Bpyaye-1 + §5P V2Yi-1

1
+B7,0,-1 + 56729571 + Bpvabe 1Y,
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where 03 = E; 4 [9?} is the variance of 6,. Collecting terms on the right-hand sides of

these four equations, we can write the right-hand side of (B.10) as:

1+ f

% [(1—ab)*o? + (y)] + — [a® 4+ b%0? + 7 (7 — 2a)]
+% [a*+g(9—2a)+ (1 - (1+a)b)20§]

+570 + %ﬂvg (1—ab)*o? + %ﬂmaﬁ

+[=Aoy" + (1 + fe(m™ —a) +(c+1—p) (g —a)+ By1p] Y1
% Ao*+ (L+ )&+ (c+1—p)° + Brop’] wis

+ =M+ (L + £ d(m" —a) +¢la—g)(1 —d) + By1] Ors

+% AN+ (L4 f)d® + (1 —d)* + By, 67,

+Ao+ A+ fled=¢(1 —d)(c+ 1= p)+ Bpro) 0191

This confirms the conjectured form of the value function. To obtain the outcomes for 7,
v and g; we only need to solve for v, and ;. The relevant Riccati equations are therefore
given by (A.9) and (A.10) just as in the case when output is given by equation (1).

Now, we solve the model for HYAR. The Bellman equation is:

V" (1) = By min {% [(1 4 ) (=) 4 Ay — 07) + qug?} + V" (yt)} .

Proceeding in the same way as under constant nominal income growth targeting, we find

that inflation is given by:

To=a—be, — Yy 1 — dby 1, (B.11)
where ;
(1 + f) T+ day* — Bay,
a= 5 , (B.12)
i e+ +d(1+a) y (B.13)
APAN+0%)+1+ f+9(1+a)
6204/)(/\—}_65/2)_{%(1—*_0‘)(1_/))7 (B14)
g oz()\—i-ﬂ%)ﬁ—i-{b(l—l—oz), (B.15)
with



and where we have conjectured that the value function is of the following format:
h ~ ~ 1 ~ 9 ~ 1 ~ 2 ~
V2 (ye) = Fo + 1Y + 57240 + Vabe + 57407 + Vst
In equilibrium the following recursion must hold

Yo + V1Yt-1 + %72%2—1 + Y301 + %%9?—1 + V501-1Yi—1 (B-16)

T+fr. - . . RE
= Et—l{ f[a_bgt_cyt—l_det—l_ﬂ']

A
2

+% [& + 1= (1+a)bles — (641 —p)y_s + (1 — CZWt—l]Q
5

- - 1. B 1. -
l% + Y1y + 572%2 + Y30; + 57491:2 + 7501‘%1 }

We write out each of the terms on the right-hand side of (B.16) separately:

1 . . 2
il fEtfl [5& —bey — cyp1 — dbi— — 77'] =

1+ f ~ . 1+ f

%f [&2 B0 47— 2&%} + (1 + f) E(F—a)y .+ ; Taye

+ (1 + f) d(7—a)6,_, + 1%];(220?_1 + (1 + f) edfy_1ys—1,

A 5 2

EEt—l [Pyt—l + (1 - ab) e+ 01 — y*]

A 2 92 2\ 2 2 %\ 2 *

= 5| Yt (1 - ab) o+ (Y")" = 2pyi1y
1

=AYy 01 + 5/\0371 + Ap0i_1Yi—1,

2

E, [a+ (1 —(1+a) 5) e— (41— )yt +(1—d)b,

SRS RS

{a% <1—(1+a)l~)>202} —@&(EH—p)yt_1+%(é+1—p)2y?_1

+ipa(1 — d)f_y + %{p(l —d)20*, —YE+1—p)(1 —d)br_1y_1,
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~ _ 1. ~ 1. .
BE;_1 l% + V1Y + 572%2 +730; + 57403 + 75@%]

B 1._ ~\ 2 1._ B 1 B
= f {W’o + 572 <1 - ab) ol + 57403] + BV 1Ye—1 + §5P272?Jt2—1
. 1 . -
+B710i-1 + 55729271 + BpYa0i—1Yi—1.

Collecting terms on the right-hand sides of these four equations, we can write the right-
hand side of (B.16) as:

% [(1 —a5>203+ (y*)Q] L

‘\z

o |

. [(a A4 B%E} +

N\ 2
{&2 + (1 —(1+a) b) af}
1 N2
+B70 + 559, (1 ab) o2 + B.0}
+ [—/\py* + <1+f> é¢(m—a) —z}(é+1—p)&+ﬂpﬂ Yi—1
% M2t (14 F) @+ 0 E+1-p)* + 8™ v
+ :—/\y* + (1 + f) d (7 —a)+da(l —d) + ml} 6,
b A+ (L ) @400 -7+ 53] 62
+ 2o+ (14 ) ad = b1 = d)e+1- p) + B 0.

Hence, the relevant Riccati equations are given by:

Gy = M+ (14 F) @D E+1- ) + B, (B.17)
Y= Ayt (L NE(® —a) =4 (E+1-p)a+ fip. (B.18)

Now we demonstrate that there exists a mapping of delegation parameters which in-
duces the same inflation rule under constant nominal income growth targeting and under
HYAR, i.e., such that a = @, b = b, ¢ = ¢, and d = d. First note that parameters b, ¢, d and
7, are determined by the system (B.5), (B.6), (B.7) and (A.9). Then note that parameters
b, d and 7, are determined by the system (B.13), (B.14), (B.15) and (B.17). But if we
set f = f and ¢ = 1}, these two systems, and hence their solutions, are exactly the same.

To achieve a = a, first note that the explicit solution for a can, along the same lines as

in the proof of the proposition, be found as

Doy + (L4 H1=Bp+ad]r + (1= B(p+ad)+all-G)g

Q1 —-p8p)—(1+f)afc—yaf(c+1—p) ; (B.19)

which in fact is identical to (A.17). Furthermore, note that we can rewrite (B.12) in terms
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of 4, as
<1+f>7?+)\ay*—&§~2

N = B.2
’yl Oéﬁ ) ( 0)
and rewrite (B.18) as
T (1= Bp) = =dpy* + (1+ f)e(7 —a) =i (c+1 - p)a. (B.21)
Substitute (B.20) into (B.21) and multiply both sides by af to give:
<1+f>ﬁ(1—ﬁp)+kay*(1—ﬁp) —aQ (1 - fp)
= —afdpy"+ap(l+ e (7 —a) —app(E+1-p)a,
from which we obtain the explicit solution of a:
Ny + (14 f) [1 = B(p+ad)] 7
i = (B.22)

G(1—Bp) - (1+ ) ape—vaB(@+1-p)

Comparing (B.19) with (B.22), it then follows — assuming again that continuity condition
(A.18) holds — that a = a if g is set such that

A+ fL=Bp+a](®—n) =¢[l = B(p+ac)+a(l- [Py, (B.23)

where we have used f = f and ¢ = QZ (and, hence, that Q = Q and ¢ = ¢). Clearly,
this is feasible (note that ¢ does not depend on g) if ¢ # 0 and 1 — 3 (p + ac) > 0. The
latter is just the continuity condition under inflation targeting as shown by Svensson [1997,
equation (A9) in Appendix A], which, of course, must also be satisfied here.

Hence, if 1} # 0, choosing f = f, Y = @and g so as to satisfy (B.23), ensures that

constant nominal income growth targeting produces the same inflation rule as HYAR.
Step 2:

Denote the optimal combination of delegation parameters ( f, v, 7) under constant inflation
targeting by ( f*, 0,7*) (remember that constant inflation targeting is the special case of
HYAR in which {p = 0). Furthermore, denote the parameters of the inflation rule under

optimal constant inflation targeting by (a*,b*, ¢, d*).
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First, note that {b* = 0 implies that ¢* # 0.2 We now show that it is possible to
choose a combination (f ,1},7?) under HYAR with ¢ # 0 which produces ¢ = 0, while
keeping a, b and d at their values under optimal constant inflation targeting, a*, b* and d*,
respectively. In other words, we can eliminate the state-contingent inflation bias associated
with output persistence, without changing the other coefficients of the solution for inflation
under constant inflation targeting. Clearly, this reduces society’s equilibrium welfare loss.
Hence, the optimal arrangement under HYAR is characterized by 1]} # 0.

Because the solution for ¢ is given by expression (A.13) with f and 4 replaced by f

and 1), respectively, we can set ¢ = 0 by setting

a (A + 87,)

YTaEau- g (B2

Note that, in fact, ¥ = ¢* # 0 as given by (8), because the system (A.5) and (A.9)
determining ¢ and 7, is the same as the system (B.14) and (B.17) that determines ¢ and
74, if we replace f by f and ¢ by .
Substitute (B.24) into the expression (B.13) for b, which then becomes:
b= (A + %) (B.25)

a(a+p) A+ B7) + (1= p) (1+ f)

We can now choose f so as to make sure that b = b*. Denote this value of f by f <5*> A3
Then notice from (B.13) and (B.15) that, irrespective of the specific choice of the delegation
parameters, the following relation applies:

b

d= .
1—ab

Hence, if we set f at f <l~)*>, we not only ensure that b = b* but also that d = d*.
Finally, through an appropriate choice of 7 in (B.22), after having substituted ¢ = 0,
=1 and f (5*), we can ensure that a equals a*.

We have thus shown that the optimal constant inflation targeting arrangement (¢ = 0)

is outperformed by some HYAR with 1) # 0. By the arguments of Step 1 it is therefore

12Remember that the solution for ¢ is given by expression (A.13) with f and 1 replaced by f and {b,
respectively. With constant inflation targeting (17; = 0) we always have that ¢ # 0: imposing 17) = 0, the
only possibility to have ¢ = 0 would be if f — —1. However, the denominator of the expression for ¢ goes
to zero at a faster rate than its numerator. Hence, ¢ = 0 is ruled out if 171 =0.

L Note in solving for f(b*) that 4, does not depend on f [this follows from setting & = 0 in (B.17)]. %
only depends on the basic model parameters and 171 = )", which itself is a function of the basic model
parameters.
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also outperformed by some appropriately chosen constant nominal income growth targeting
arrangement. Note that the arguments of this proof stress that having the central bank
focus on nominal income growth, i.e., {b # 0, makes it possible to address the state-
contingent inflation bias associated with output persistence in a way that is superior to

constant inflation targeting (as claimed in Section II).
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