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Abstract

We examine “Forward Guidance Contracts”, which make central bankers’ utility
contingent on the precision of interest-rate forecasts. We integrate those con-
tracts into the New Keynesian Framework and study how they can be used to
overcome a liquidity trap. We establish the properties of simple renewable For-
ward Guidance Contracts and characterize the contracts that the government
wants to offer repeatedly. These contracts create favorable tradeoffs between the
efficacy of forward guidance at the zero bound and the reduced flexibility in re-
acting to future events, and dominate long-term contracts for moderate negative
natural real interest-rate shocks. We discuss which type of Forward Guidance
Contracts can be used when there is uncertainty about natural real interest-rate
shocks, a situation which typically calls for moderate incentive intensity. Finally
we explore alternative contractual environments.

Keywords: forward guidance, zero lower bound, central banks, incentive con-
tracts, transparency

JEL: E31, E49, E52, E58.



1 Introduction

1.1 Motivation

Announcing the future stance of monetary policy has become a common component
in the toolbox of central banks. The Bank of England and the Federal Reserve, for
instance, have started to make public statements about their future actions. In par-
ticular, they have been pledging since 2012 and 2013, respectively, to refrain from

increasing the short-term interest rates until the economic situation has improved.!

A broad academic and political debate has emerged on the potential and limits of
such forward guidance. One challenging phenomenon has attracted particular atten-
tion: If an economy is hit by adverse shocks—e.g. by a negative shock to financial
intermediation—and the central bank’s reaction is constrained by the zero bound on
nominal interest rates, such a downturn will cause excessively high costs. Figuring out
how the central bank can reduce the economic costs of this downturn and can provide
appropriate stimulus for the economy is a major challenge for monetary policy—and

the subject of ongoing debate.

Several solutions to this problem have been proposed in the academic literature. Krug-
man| (1998)), Eggertsson and Woodford (2003)), and recently Werning| (2011) have in-
vestigated how commitments to keeping the nominal interest rate at zero for several
periods—even beyond the duration in the discretionary solution—can generate favor-
able tradeoffs between current downturns and a future boom and can lower the in-

tertemporal costs of adverse shocks.

1.2 Approach and results

As pointed out in|Thornton! (2012), central banks’ verbal guidance of “lower for longer”
tends to have little impact on the efficacy of forward guidance at the zero lower bound

due to a lack of credibility since central banks do not incur losses when they deviate

!The initial pledges in December 2012 and August 2013, respectively, were conditioned on unem-
ployment rates. Since then a variety of other approaches have been used (see |Economist| (2014)).



from their announcements®. In this paper, we consider a general approach to make
forward guidance effective at the zero lower bound by introducing Forward Guidance
Contracts (henceforth FGCs) as an alternative and flexible commitment device. In
particular, we combine the standard New Keynesian Framework with FGCs to examine
the zero-bound problem®. These contracts work as follows: Central bankers announce
their policy rate for a particular time frame. The central bankers’ intertemporal utility
is made dependent on the accuracy of this forecast. For instance, their pay, pension or
the length of their term could monotonically decrease with the size of the deviation of
the actual interest-rate choice from the forecast. Utility losses could also occur when
scrupulous bankers are appointed who are intrinsically reluctant to deviate from their

own forecasts and thus suffer utility losses when they do indeed deviate.

The gist of our model is that FGCs create partial commitment. Central bankers will
try to stick to the forecast but still deviate to some extent if future developments make
such a commitment too costly. We show that repeated short-term FGCs can yield
favorable tradeoffs between the efficacy of forward guidance in helping to jump-start

the economy and a reduction of flexibility in responding to future developments.

At a more specific level, our results are as follows: First, we integrate simple renewable
FGCs offered by the government into the New Keynesian Framework and provide
a microfoundation of these contracts. Second, we characterize and analyze optimal
FGCs when the government commits to using such contracts in downturns. Under
these contracts, the central banker sets interest rates in a downturn at zero and sets
interest rates immediately after the downturn at levels lower than the ones he would set
under discretion. The induced higher levels of inflation and output at the beginning
of the future boom feed back into higher current output and inflation. Third, we
characterize the contracts that the government chooses when it decides in each period
whether to offer FGCs or not. Two insights are central. On the one hand, short-term
renewable FGCs can achieve a large fraction of the possible welfare gains and long-term

contracts are typically undesirable. If, however, the natural real interest-rate shock is

20ne example is the Bank of Japan. After lowering its policy rate to 0.15%, the Bank of Japan
announced in April 1999 that the rate would be maintained at this level “until deflationary concerns
are dispelled”. However, the rate was soon raised against the backdrop of a weak economy (inflation
at around —0.5% and the output gap still in the negative territory). See Shirai (2013]).

3See [Eggertsson and Woodford| (2003) and [Eggertsson| (2003)).



extremely severe, renewable longer-term contracts can further improve welfare. On
the other hand, the government may not be able to commit to repeatedly using FGCs.
However, in the numerical specification the inability of governments to commit to using

short-term contracts has no welfare costs.

Fourth, we characterize FGCs that yield welfare gains for an entire range of negative
natural real interest-rate shocks when the contract parameters have to be chosen under
a veil of uncertainty about such shocks. Typically, the optimal intensity of central
bankers’ incentives to stick to their forecasts is moderate in such circumstances. Fifth,
we consider an alternative contractual environment in which FGCs are signed at the
beginning of a given period t, become effective immediately, last two periods, and do
not constrain the interest-rate forecast in the contract. Such contracts can achieve
welfare gains similar to one-period contracts. In addition, they can easily be extended
to longer-term contracts, which can further improve welfare if the natural real interest-

rate shock is extremely severe.

1.3 Literature

FGCs are a new type of contract for central bankers. They are related to earlier and
recent literature. Walsh| (1995)* proposes incentive contracts for central bankers and
shows that such contracts can eliminate the inflation bias and can induce socially desir-
able shock stabilization when central bankers face a classic time-inconsistency problem.
Gersbach and Hahn| (2014)) show that making deviations from inflation forecast costly
for central bankers can improve welfare in a standard New Keynesian Framework with

a time-inconsistency problem due to the so-called stabilization bias.

In the present paper we examine FGCs in which the central bankers’ utility is con-
tingent on the accuracy of their own forecast regarding their future policy choices.
Our contribution to the literature on contracts for central bankers is twofold. First,
we examine FGCs in the New Keynesian Framework with the zero lower bound. The
credibility problem is unrelated to the inflation bias or the stabilization bias but a

consequence of the possibility of a liquidity trap (see |[Eggertsson (2006)). Second, we

4The theory of incentive contracts was further developed in the influential papers by [Persson and
Tabellini (1993, Beetsma and Jensen| (1998), [Beetsma and Jensen| (1999)), |[Jensen| (1997)), Lockwood
(1997), and |Svensson| (1997)).



provide a microfoundation of such contracts and analytical solutions for optimal re-
newable, short-term FGCs. We illustrate that such type of contracts can harvest a
large fraction of the possible welfare gains. For moderate shocks optimal renewable,
short-term FGCs are preferable over long-term contracts. Repeated short-term FGCs
can create favorable tradeoffs between the commitment to zero interest rates when the
economy is hit by a negative natural real interest-rate shock and the desired flexibility
in increasing interest rates when the economy returns to normal levels. However, when
the negative natural real interest-rate shock is extreme, longer-term contracts generate

large welfare gains.

The present paper belongs to a recent strand of the literature on the benefits and
costs of forward guidance and the optimal way of implementing it. Woodford| (2012]),
Campbell (2008) and (Gersbach and Hahnl (2011) stress the social value of publishing
central bank interest rate projections, and |Campbell et al.| (2012) and |Gurkaynak et al.
(2005) find that policy inclinations about the forward path of interest rates reveal
information and can affect market expectations.® Bodenstein et al. (2012) show that,
with imperfect credibility captured by a probability of discarding promises, central
banks could achieve considerable welfare gains. However, the credibility of the U.S.
Federal Reserve and the Swedish Riksbank has been low in the aftermath of 2008 crisis.
Lim and Goodhart| (2011) are critical of forward guidance, arguing that it may have
little impact on expectations. We add to this literature by proposing to implement
forward guidance in the form of FGCs because these contracts make forward guidance
credible and therefore effective in influencing expectations. In addition, we discuss

which type of FGCs may help in jump-starting an economy.

While we focus on FGCs with a microfoundation on how variation of payments, pension
or the length of the term of central banks can be used to motivate central bankers to
commit partially, other proposals have been made that work through the central bank
balance sheet. Krippner and Thornton| (2012)) suggest that large-scale purchases of
interest-rate-derivative contracts could significantly raise the credibility (and ultimately
the efficacy) of central bank’s guidance, as central bank would incur great capital loss

from breaking its early promise. |[Levin et al. (2010) have suggested that large-scale

SMirkov and Natvik| (2013)) find that central banks may be unwilling to deviate from previous
interest-rate projections.



asset purchase programs may increase the commitment power of forward guidance. As
long as those measures affect the utility of central bankers, our framework could be

applied for such proposals.

1.4 Organization of paper

The paper is organized as follows: In the next section we present the model. To
assess the potential of and challenges to FGCs, the standard discretionary solution
without FGCs is presented as a benchmark in Section [3] In Section [4] we establish the
properties and the welfare implications of optimal FGCs. In Section [5[ we investigate
an alternative environment for FGCs. A discussion and our conclusions are presented

in Section [G

2 Model
2.1 A general framework

Our model combines FGCs with the standard New Keynesian Framework to examine
the zero-bound problem. To model the zero-bound problem, we follow Eggertsson and
Woodford| (2003) and Eggertsson| (2003)). Time is discrete and indexed by t = 0,1, 2, ....
The IS Curve is described by

xp = Ey[xpq] — %(it — Ey[mea] — 1), (1)

where x; denotes the (log) output gap in period ¢ and E;[m;; ] denotes the inflation
rate in t + 1 expected in t. Parameter o satisfies o > 0, 7; is the nominal interest rate,

and r; the natural real interest rate.

Following Eggertsson| (2003)), we consider two possible realizations of r;, that correspond
to two different states s € {L, H}. With a slight abuse of notation, we write 7, and
ry for these realizations. We assume ry > 0 and r;, < 0, which ensures that the zero
lower bound typically binds in state L but not in state H. In the following, we will say
that the economy is in a “downturn” if the state is L. Similarly, we will use the term

“normal times” to describe an economy in state H.



Like [Eggertsson (2003), we consider a situation where the economy is initially in a
downturn, i.e. s = L. In each period t = 1,2, ..., the state will change to s = H with
constant probability 1 — 4 (0 < 6 < 1) and then remain in this state forever. With

probability §, the economy remains in the downturn. The Phillips Curve is
T = K2y + BE[m4a], (2)

with K > 0 and 5 (0 < 8 < 1) as the common discount factor.

The instantaneous social loss function is

(wf + )\:L‘f) , (3)

lt:

N | —

where A > 0. Future losses are discounted by the factor 5.

As explained in more detail in Appendix [H] we assume that the central banker shares
the private agents’ objectives and thus faces the loss function in each period. In
addition, he may face an FGC characterized by parameter b, which implies that the
central banker incurs utility losses b(i; — il )2 when the interest rate he has chosen, i,
differs from the level stipulated in the contract, ztf . We assume in the following that
the level of interest rates stipulated in the contract® is zero, i.e. z{ = (0. First, this
is broadly in line with current forward guidance practices of central banks in different

countries. Second, it is straightforward to show that zero is the optimal non-negative

level for interest-rate forecasts when the economy is in the downturn.

In Appendix [H we provide a foundation of the central banker’s utility function when
the government offers him a wage contract composed of a fixed wage and a variable
component increasing with the accuracy of the interest-rate forecast and hence decreas-
ing with (i, — z{ )2. The parameter b—chosen by the government acting as contract

designer—measures the intensity of incentives provided by the FGC.”

6In Section [5| we analyze FGCs in which the forecast is not part of the contract and is chosen by
the central banker himself.

"For the framework of |[Krippner and Thornton| (2012)), the parameter b could be related to the
number of overnight indexed swap (OIS) contracts purchased by central bank, as the capital losses
the central bank would incur if the interest rate is raised before OIS contracts expire are linear in the
number of contracts.



2.2 Forward Guidance Contracts

For the moment we will focus on simple renewable FGCs that may be chosen by the
government and affect the central banker’s incentives in the subsequent period. In
particular, we will consider two scenarios. In the first scenario, we will examine the
implications of FGCs under the assumption that the low realization of the natural real
interest rate, rr, is known when contract parameter b is determined. Later, we will

also examine a second scenario where r;, is unknown when b is selected.

More precisely, we assume in the first scenario that the government chooses b at an ex-
ante stage. In all periods, it can only offer contracts with this parameter. In a particular
period t = 0,1,2, ..., the sequence is as follows: First, the current state s € {H, L} is
realized and becomes common knowledge. Second, the government decides whether to
sign a new FGC with given parameter b (henceforth FGC(b)), which will be effective
in period t + 1. Third, the private sector forms its expectations about inflation and
output in period t + 1. Also, the central banker selects the nominal interest rate i,
to minimize his losses, subject to and . The central banker’s loss function in
period t is influenced by a possible FGC signed in period ¢t — 1. More precisely, it is

1
167 = (77 + A7) + ébzf

DN | —

if an FGC was signed in period ¢ — 1 and

IOF = 2 (x2 4 Aa)

N | —

otherwise. We assume that in the initial period ¢t = 0, an FGC is effective.® Figure

shows the sequence of events.

In Section {4.3] we consider the second scenario. In particular, we study FGCs in a
situation with uncertainty about parameter r;, when contracts are designed. The only
difference with the first scenario is that b is chosen before the exact value of r;, becomes

known.

8This assumption is immaterial to our findings.



Shock occurs:

_ Realization of r; Realization of 7,
To =1 l
| v > |

Government offers Government offers Government offers
FGC(b) FGC(b) if =1, FGC(b) if rp=7,
Central bank sets Central bank sets
interest rate interest rate
Public forms expectations Public forms expectations

Inflation and output gap

Inflation and output gap are realized

are realized

Figure 1: The sequence of events.

3 Discretion without Forward Guidance Contracts

To have a benchmark for assessing the potential and the limitations of FGCs, we briefly
summarize in this section the standard discretionary solution in the absence of FGCs.
In the following we focus on Markov equilibria, i.e. all economic variables depend only

on the current state of the economy s € {H, L}.

In each period, the central bank discretionarily chooses the nominal interest rate as its
policy instrument, taking both its own future behavior and the public’s expectations
as given. In a Markov equilibrium there are only two possible realizations for inflation,

the output gap, and the nominal interest rate. We use 72, zP . i? for the corresponding

values in a downturn and 75, 28, and ¥ for normal times, where the superscript D

stands for “discretionary”.

It is easy to compute the values of inflation and the output gap in normal times. When
the natural real interest rate has returned to the positive value ry, i.e. in period ¢ when
s = H, optimal policy involves i5) = ry. Therefore we obtain zf) = 0 and 75 = 0.

Computing the equilibrium in the downturn is somewhat more involved. During the



downturn, the zero lower bound is binding because of r;, < 0. Hence, in periods when
s = L, we obtain P = 0. We note that Ei[mq] = d72 + (1 — §)7f = 7P in a
downturn, where we have used 75 = 0, and we also note that the probability of the

state remaining at s = L is §. Analogously, we observe E;[z;1] = dzP.

Inserting these expressions into and and solving for 72 and z? yields

K

= o(1—0)(1—Bo) —on & )
D _ 1—p6
T ST = o)1 Bo) — ok ¥ ®)

Henceforth we assume that ¢ is sufficiently small for the denominator in the above

equations to be strictly positive.

Assumption 1
Parameter ¢ satisfies

o(1—=0)(1—pd)—9dk>0. (6)

Assumption [I] imposes an upper bound on §, i.e. the probability of remaining in
a downturn cannot be too large. For the parameter values in Table [I| below, this
assumption is fulfilled for all 6 < 0.68.2 Together with 7, < 0, this assumption ensures
that 72 and 22 are negative in a downturn.'® Throughout the paper we illustrate the

properties of the economy using the following set of parameters:!

Table 1: Parameter values.

5 =0.99
A=0.03
k=0.3
o=2

9Henceforth, we adopt § = 0.5 for the numerical examples.

10For a discussion of sign reversals in the initial responses of inflation and output when the duration
of an interest-rate peg is extended, see |Carlstrom et al.| (2012]).

HThe values 8 = 0.99, A = 0.03, and x = 0.3 are taken from Gersbach and Hahn| (2014)). The
values 0 = 2 and ry = 0.02 are taken from |Eggertsson| (2006]).

10



4 Forward Guidance Contracts

In this section we analyze how the possibility of signing FGCs affects the equilibrium.
We assume that both the government and the central bank act under discretion. More
specifically, upon observing the current state s, the government decides whether to
sign a new contract, taking as given the central bank’s decisions both in the current
period and in all future periods, together with the possible existence of a contract for
the current period. Then the central bank chooses its instrument subject to a possible
FGC, taking its own future decisions and the government’s future behavior as given.
We consider a Markov equilibrium, i.e. an equilibrium where the decision-makers’
choices depend solely on payoff-relevant state variables, i.e. on s € {H, L} and the

possibility that a contract was signed in the previous period.

For the moment we assume that the government will always choose an FGC in a
downturn and no contract in normal times. Later we will see that this behavior is indeed
optimal for the government. We need to consider 2 x 2 = 4 different constellations
because there are two different states s € {H, L} and there may be either an active
contract (C') or no active contract (N). The corresponding levels of inflation will be
denoted as 75, 7%, 7N, and 7¥. Analogous notation will be used for the different

possible values of the output gap.

In normal times and in the absence of an FGC, it is obvious that & = z& = 0

holds. Next we turn to the constellation where s = H and a contract was signed in
the previous period. Given the fact that in the next period, the output gap will be %y
and inflation will amount to 7, 7% and z% can be determined with the help of

and as follows:

c _ N C
Ty = By + KXy,
1
C -C N N

Using 7y = 2% = 0, these equations simplify to

Ty = KTy, (7)

o =~ - ra) ®)

11



Minimizing § (77 + Az7) + £bif subject to (7)) and (8) yields

bo
c _
7.‘-I{ - )\ + /‘322 + b0_2 Rrg = /{f(b>’ (9)
bo
c _
xH - )\ + ,%2 + bO_QTH - f(b)’ (10)
/\ 2
iG = (1)

\+ K2 + baQTH’

where we have introduced

bo
b) = —— .
1) At 2+ bo? 1

We note that f(b) is a monotonically increasing function with f(0) = 0 and

limy_y00 f(b) =1y /0.

(12)

Equations @ and are useful in understanding why FGCs are potentially welfare-
improving. With the help of , we observe that the nominal interest rate in the first
period after the downturn is a decreasing function of b and that it is lower than the level
that would prevail in the absence of an FGC, ry. Hence FGCs enable the central bank
to commit to expansionary monetary policy once the economy has left the downturn.
Note that inflation will be higher if an FGC is present in state H, which is shown by
the fact that & is an increasing function of .1 Figure [2| shows how, under an FGC,
the nominal interest rate in state H decreases when the incentive intensity b increases.
In turn, the inflation and output gap increase with b in state H. This is plausible
because increases in b raise the relative importance of achieving small interest rates
compared to the other objectives in the central bank’s loss function, namely inflation

and output stabilization.

Finally, we examine inflation and output in a downturn. Because there is a constant

probability ¢ of remaining in state L, expectations of inflation and output are

Eilmipa] = onf + (1 - &)y, (13)

We are now in a position to compute inflation and the output gap in the downturn.

For the moment we assume that the zero lower bound is binding in the downturn, i.e.

12We observe that for b =0, @— entail the values of inflation, the output gap, and the nominal
interest rate from the standard discretionary solution examined in Section @

12
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Figure 2: Inflation, output gap, and interest rate as a function of the value of b in
state H with an active contract.

i¢ = 0. Later we will identify the range of values of b for which this is actually the case.

Further, we will show that the government’s optimal choice of b always lies within this

range.
Using , , @I), , —, and zg = 0 yields
¢ = Af(b) + P, (15)
vy = Bf(b)+af, (16)
where

R =0) (o014 81— 8)) + r)

A= T a0 o (1)
 (1=0)(e(1 = pBo) + k)

Bo= i o —ps) —on (18)

and 72 and 2P are defined in () and (5)). Recall that, in line with Assumption [1] the
values 72 and 2P, which would prevail without FGCs, are strictly negative. Moreover,
Assumption (1| entails A > 0 and B > 0. Together with f'(b) > 0 Vb > 0, this
implies that 7¢ and 2§ strictly increase with b. Hence, for small b, FGCs can cushion

the harmful consequences of a downturn on the output gap and also mitigate the

13
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Figure 3: Inflation (dashed curves) and output gap (solid curves) as a function of the
value of b for different shock sizes.

ensuing deflation. These beneficial effects are possible because FGCs enable the central
bank to commit to loose monetary policy after the downturn (see @D-) This
commitment to expansionary policy after the downturn raises inflation expectations
during the downturn (see ) and thereby enables the central bank to implement
a lower real interest rate i, — B[ 1] = —E;[m 1] when the nominal interest rate is
constrained by the zero lower bound. Figure|3|illustrates how, in state L, inflation and

the output gap increase with incentive intensity b under an FGC.

Finally, we need to examine the circumstances in which our assumption that the zero
lower bound is binding in a downturn is fulfilled under FGCs. The following lemma,
which is proved in Appendix [A] establishes a sufficient condition for the zero lower

bound to be binding:

Lemma 1

If
K2+ A1 — B9)
J0) = k(kA+ \B)

then the zero lower bound is binding in a downturn with FGCs.

m =/, (19)

14
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Figure 4: The function f(b) and three horizontal curves representing the right-hand
side of for different shock sizes.

As (i) f(b) monotonically increases with b, (ii) f(0) = 0, and (iii) the right-hand side
of the condition in the lemma is positive and does not depend on b, the lemma defines
a critical value of b, henceforth denoted by b, such that the zero lower bound is binding

in state L for all values of b below this critical value. Note that this value will be

infinite if the right-hand side of is at least as large as limy o, f(b) =1y /0.
We thus obtain the following corollary:
Corollary 1

The zero lower bound is binding regardless of the value of b when r;, < 7, where

PO (kA + AB)[o(1 —=6)(1 — Bd) — Ik] .

o[k + (1 — B9)]

We note that when the shock is severe, i.e. r;, < 7y, the inflationary expectation
induced by the FGC is not large enough to lift the optimal nominal interest rate above

zero, even if the value of b is set at an extremely high level.

Figure {4| depicts the left-hand side and the right-hand side of from Lemma (1| for
different values of r;. In the case rp, = —0.01, a large value for b induces positive

inflation and output gap, as already shown in Figure |3, Hence, is only satisfied

15



for low values of b. In the case r;, = —0.02, inflation and output gap in downturns are
negative regardless of the value of b, as shown in Figure [3| Correspondingly, (19) is
always satisfied. Thus, in such a case, the zero lower bound is binding for all values
of b.

In the following we restrict our attention to values of b that satisfy the condition in the
lemma. The justification for this assumption is that the government would never find
it optimal to select a value of b that would violate , which will be demonstrated in

the next section.

4.1 Optimal contracts with commitment to contracting

In this section we derive optimal FGCs and thus determine the socially optimal value
of b. In doing so, we continue to assume that the government always offers an FGC
in downturns and no contract in normal times. Later we will consider FGCs in the

absence of such commitments.

First we observe that in equilibrium per-period social losses can take only three different

values:
19 = L)+ oA (D) = 5 (AF0) +7P) 4 A (B D) (20)
15 = 39+ P E9) = 502+ N (05)’ = S+ N UWFL @
= ) EN) =0 (2)

where we have used that 7 = z& = 0, @, , , and . Social losses expected

in period 0 are given by

VL( ) Zﬁtétlc—i_Zﬁtét 1 )lC (23>

=0
where the subscript L stands for the current state of the economy and C' stands for
the fact that a (C)ontract was signed in the previous period. In (23]) we have utilized
1Y = 0 as well as the fact that (a) the probability of the economy being in a downturn

is ¢' in all periods ¢ with ¢ > 0 and (b) the probability that the economy has just
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left the downturn and hence an FGC is still effective is 6*!(1 — d) in all periods ¢
with ¢ > 1. It is straightforward to rewrite as

Vi (C) = T3 (15 +B(1—68)lF] . (24)

Together with and , can be used to explain the tradeoff involved with
FGCs. First, [§ is an increasing function of b, which is a consequence of the facts
that 75 = kf(b) (see (9)), 25 = f(b) (see (10)), f(0) = 0, and f'(b) > 0 Vb > 0.
The interpretation of this observation is that FGCs induce expansionary policy for
one period once the downturn has ended. This is socially costly ex post. Second,
[€ is a monotonically decreasing function for small b. Hence FGCs induce welfare
gains in the downturn. This follows from the observation that the commitment to
expansionary policy after the downturn increases inflation expectations during the
downturn and thereby enables the central bank to implement lower real interest rates

when the economy is stuck at the zero lower bound.
The socially optimal value of b balances these costs and benefits. In Appendix [B| we
prove the following lemma:

Lemma 2
Suppose the government always offers an FGC in state L and never offers a contract

in state H. Then the optimal value of b, b*, can be determined in the following way:

1. Ifrg/o > f*, b* is given by f(b*) = f*, where

* A_I_)\Bl_/fts D
L v T T pere LA (25)

At the optimal value of b, the zero lower bound is binding in equilibrium.

2. If ry/o < f*, social losses decrease strictly with b ¥b > 0. In this case the zero

lower bound is binding Vb > 0.

It is instructive to conduct comparative statics with respect to |rp|. For this purpose,
observe that f* is a monotonically increasing function of |ry| because |7P] is a mono-
tonically increasing function of |ry| (see (). As a result, the optimal value of b, b*,
which is given by f(0*) = f* for ry/o > f*, increases with |rz|. This is plausible, as a

higher value of |ry| corresponds to a larger shock and thus calls for stronger incentives.
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For |rp| — 0, the optimal value of b converges to zero. By comparing f* (equation
(25)) and f (equation ) and rearranging terms, it turns out that f* < f, where f
is the critical value, given in Lemma [T} below which the zero lower bound is binding.

Thus, the zero lower bound is binding with an optimal FGC(b*).

Lemma also defines a critical value of 7§ below which it is optimal to apply extremely
harsh FGCs.

Corollary 2

The optimal value of b is infinite when r;, < r{, where

L A ABR 4 B0 =)+ #A)[o (1 — 6)(1 — B0) — oK)
g = o[nA T AB(L— 39)] TH'

4.2 Optimal contracts without commitment to contracting

Up to now we have simply assumed that the government will behave in a certain way.
It remains to show that this behavior is indeed optimal when the government decides
in each period whether to offer the FGC or not. The next lemma, which is proved in

Appendix [C] identifies a respective condition.

Lemma 3
The assumed behavior of the government, i.e. always signing an FGC with b = b* in a
downturn and refraining from signing a contract in normal times, is optimal if f* < 2 f ,

where

P A-P+ANB-QH2 b
fi= A2 — P24 AB? — \Q? + B(1 _5)</€2+)\)‘7TL" (26)

P and @ are constants and given in Appendix Figure [5| shows that f* < 2f is
fulfilled in the range of § that satisfies Assumption [I] at parameter values specified in
Table [1

The lemma reveals that it is conceivable that for the optimal value of b, b* identified
in Lemma [2] the government would not find it optimal to offer the contract. This may
occur because the government takes its own future behavior and the behavior of private
agents as given. This distinguishes the government’s decision problem in a particular
period from the problem in the ex-ante stage, where the government can choose b for

all future periods.
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Figure 5: The values of f* and 2f, scaled by |7P|, for the range of § satisfying As-
sumption [T}

More specifically, when weighing up the costs and benefits of signing an FGC in a
particular period, the government will fully take the costs into account that would ma-
terialize in the next period, provided that the state were H. However, the government
only considers a fraction of the benefits. This can be seen when we look at the well-
known representation of the New Keynesian Phillips Curve, where current inflation is

proportional to the expected discounted sum of all future output gaps

iﬁixt_HI ) (27)

=0

Ty = KEt

which directly follows from iterating . When the government signs an FGC in
period ¢, it only takes into account the effect this contract has for E;[z,,;]. Because
the government takes its own future behavior as given, it does not consider those
benefits of FGCs that result from the contracts’ influence on output gaps farther away

in the future, i.e. Ei[xy] Vi > 2.

Despite the difficulty that a contract with b* may not be offered in equilibrium by
the government, it is straightforward to determine the optimal value of b for the case
where the government optimally decides in each period whether to sign a contract for

the next period or not.
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Figure 6: Discounted social losses with optimal FGC(b*), in the discretionary case
(right axis), and the ratio of these two discounted social losses (left axis), as functions
of r;, (dashed curve represents r = r¢).

Proposition 1
Suppose the government only offers an FGC' in each period if this is profitable. Then

the optimal level of b, b**, can be determined in the following way:
1. For 2f > f* and f* < rg/o, the optimal level of b is given by f(b*) = f*.
2. For 2f < f* and 2f < ry /o, the optimal level of b is given by f(b*) = 2f.

3. For 2f >ry/o and f* > ry/o, we obtain b** = oo.

To close this section, we present in Figure [6] the discounted social losses with the use
of an FGC expected in period 0 (see ) The expected social loss with an optimal
FGC(b*) stays below the one in the discretionary case for all values of r;. When we
compare the ratio of social losses under FGC with the social losses under discretion, we
observe that a considerable welfare gain can be achieved with such contracts, as this
ratio attains nearly 0.03 for r, € (r¢,0) and is still around 0.25 for a large negative
natural real interest-rate shock. Hence we obtain quite favorable tradeoffs between

the efficacy of FGCs at the zero lower bound and the reduced flexibility in reacting to
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future events. Figure [6] also shows that the social loss with FGC(b* = oco) starts to

increase considerably when 7, < r¢.!3

4.3 Forward Guidance Contracts under uncertainty

In this section we analyze the second scenario outlined in Section [2.2] asking whether
FGCs would also be desirable if r;, were unknown at the point in time when the value
of b is chosen. For this purpose, we assume that r; is randomly distributed with
commonly-known prior distribution. A further assumption we make is that the value

of r;, becomes known in the period when the downturn occurs.

First we observe that the possibility of FGCs can never lead to lower expected levels
of welfare—provided that b is chosen optimally ex ante—because it would always be
possible to select FGCs with b = 0, which would result in a scenario equivalent to the

benchmark case without FGCs.

Second, we show that FGCs actually lead to strict increases in welfare. In particular,
we show that b can be chosen in such a way that FGCs will improve welfare for all

possible realizations of ry,.

Proposition 2

Suppose that r;, is randomly distributed with a maximum possible realization 7, < 0.
Then it is possible to select a value of b such that (i) for each realization of ry, the
government offers the contract, and (ii) welfare conditional on this value of ry, is strictly

higher than in the benchmark case.

As the proposition implies that for all realizations of r welfare is higher under FGCs,
the welfare level expected before the realization of r; becomes known is also higher

under FGCs than in the benchmark case without FGCs.

In Figure [7] the blue and red curves represent the discounted social losses in the
benchmark case and with an optimal FGC for each realization of r, respectively.
The green curve represents the discounted social loss with 7, = —0.0042 and the

corresponding optimal b = 0.01. The brown curve represents the discounted social loss

13In such circumstances, welfare could be further improved by longer-term FGCs, which we discuss

in Section @
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Figure 7: Discounted social losses under FGC, as a function of r, for different values
of b.

with 7, = —0.0129 and the corresponding optimal b = 0.1. Intuitively, all of these
curves representing the discounted social losses with a fixed value of b are tangent to
the red curve representing the discounted social loss with the optimal b. This figure
also demonstrates that choosing the value of b that is optimal for 7, improves social
welfare for all r;, < 7. However, as the value of b chosen ex ante is not the optimal one
for the realization of r; below the upper bound 7y, the social loss can be unnecessarily

high when ry, is significantly lower than 7.

When the maximum possible realization of the negative natural real interest rate is
r, = 0, one can still construct FGCs that will improve welfare for a wide range of
natural real interest-rate shocks.! Let us choose a value b which is the optimal value
of b for some value r;, = 7. Asis demonstrated in Proposition [2] it is socially desirable

to sign FGC(b) for all the realizations r;, < 7. Henceforth, we focus on the remaining

range rp, € (7r,0).

In Appendix [E] we prove the following lemma:

I we assumed a particular distribution of natural real interest-rate shocks, we could, of course,
calculate the optimal FGC that improves welfare in expectation. For instance, suppose that rp is
distributed uniformly in [r},0]. Then there exists an optimal value of b > 0 that minimizes expected
welfare. Typically, the intensity of incentives for such exercises is moderate as long as r; is not
extremely low.
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Lemma 4

Given some value b selected in period —1, the zero lower bound is binding, and it is
socially desirable to offer the FGC(b) when r;, < afy, where a € (0,1) is given in @
in the proof.

Given the value b that is optimal for 77, the central bank would still set the nominal
interest rate at zero when ry, € (71, ary). Intuitively, it is still socially desirable to offer
the FGC(B), as the induced inflation expectation is not unnecessarily large. If the size
of the shock is small, i.e. r; > a7, the induced inflation expectation in downturns that

stems from FGC(b) is unduly large. Then the central bank will set a positive interest

rate to suppress the inflation boom in downturns.

We obtain the following proposition, proved in Appendix [F}

Proposition 3
Given some value b selected in period —1, there exists an 7§ such that F GC(b) improves

social welfare for all r;, < 7§, where 7¢ > ar, and 7§ Is given in the proof.

Figure [§ shows how the threshold value 7§, below which the government offers the

FGC(Z)), decreases as b increases. Hence, if the government wants to ensure welfare
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Figure 9: Discounted social losses with an FGC with b = b = 0.1, under discretion and
when b is tailored to the realization of the shock.

gains for a very large range of realizations of negative natural real interest-rate shocks,
b has to be set at moderate levels. As an example, consider b =01 In Figure @,
we show social losses under such a contract (dark line), under discretion (blue line)
and when the parameter b can be tailored to the precise realization of shocks as in
Proposition [1] (beige line). The critical threshold is 7§ ~ —0.004, and FGCs lead to
lower social losses for all values below that. For natural real interest rates above 7¢,
FGCs involve higher losses than under discretion. In these cases, the value of b = 0.1
is too high, given the comparably small size of the shock, and thereby induces a too

expansionary monetary policy in the future.
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5 Alternative contractual environments and
longer-term contracts

5.1 Two-period contracts

So far, we have focused on simple renewable FGCs signed in one period and becoming
effective in the next. In this section, we explore a simple alternative: contracts that

become effective immediately after signing and remain effective for one more period.

First, however, we need to stress that both types of contract studied in Section |4 and
in this section are the shortest (and simplest) contracts under which forward guidance
can have an impact.!'® Consider a simpler contract, i.e. one that only applies to the
period in which it is written. Such a contract would never be signed in normal times.
In the downturn, the central banker would also set zero interest rate in the absence of

an FGC. Hence, such a contract would only replicate the discretionary solution.

We use F/(YJ(I)) to denote FGCs that are signed at the beginning of a period ¢ and
provide incentives for central banks to stick to their forecast in periods ¢ and ¢t + 1. As
before, these contracts are renewed and repeatedly applied as long as the economy is in
the downturn. While FGC(b) and F@(b) can achieve similar welfare gains'®, F/@(b)
differs from FGC(b) in two important respects. First, the interest-rate forecast is not
part of the contract and is chosen by the central banker after the contract is signed.
Second, F/Gr\C(b) allows the construction of analytically tractable, longer-term contracts
that might be needed when the natural real interest-rate shock is extremely severe. We
focus on a situation in which a negative shock to the natural real interest rate happens
at the beginning of period 0 and the F/G\C(b) is signed immediately. We assume for the
! f

moment that the interest-rate forecast by the central bank is zero, i.e. 77 =i;,, = 0.

We will later argue that this is indeed the optimal choice.

The detailed sequence of events is shown in Figure[10] In period 0, after the realization
of r, the government signs an F/G\C(b) that makes the central banker’s remuneration

contingent on the precision of his forecast. Then the central banker forecasts interest

I5Renewable short-term contracts are attractive as they can reap most—or even all—possible welfare
gains from FGCs for small and moderate negative natural real interest-rate shocks. They constrain
the central bank as little as possible and thus involve the lowest risk in case of unforeseen events.

16Details on this comparison are available on request.
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Figure 10: The sequence of events.

rates in periods 0 and 1. After that, the interest rate in period 0, i%,, is set, and the

realized inflation and output gap are 7%, and z%,.

In period t = 1, the central banker sets % if the economy has recovered and the
corresponding inflation and output gap are 7% and z%. If the economy is still in a
downturn, the central banker sets i¢,, and the corresponding inflation and output gap

are 7%, and z¢,.

In period 2, the economy has either recovered and the central bank chooses the dis-
cretionary solution leading to zero inflation and zero output gap, or the natural real
interest rate is still negative. In the latter case, the F/G\C(b) is re-signed and thus the

central banker continues to select interest rates under FGCs.'”

As in Section [4 we derive the economic outcomes in periods 0 and 1.

o = Aof(b) + 7L, (28)

"Tn this section, we only explore the F/Gr\C(b) when the government commits to contracting. A
similar exercise as in Subsection can also be performed for this type of contract.
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w50 = Bof(0) + 7, (29)

mf = Aif(b) + mp, (30)

afy = Bif(b) +af, (31)
where Ay, A1, By, and By are given in Appendix [G]

The expected discounted intertemporal social loss is

1S+ Bl(1 = 6)IF + 61%,]

VLA<C) = 1 — 3252 ’

(32)

where lgo = 0'5[(7750)2 + )‘(-Igo)Q]a lgl = 0'5[(77&)2 + )‘(mgl)Q]a and lg = 0-5[(7Tf1)2 +
A(x5)?-

5.2 Optimal two-period contracts

We next establish that the zero interest rate is still a binding constraint when F/@(b)
is used.'®
Proposition 4
1. There exists a threshold value 714 < 0 such that the central bank will set i%, =
i¥, = 0 for any value of b in an P{G\C’(b) if r, < 7ra. Tra < 0 Is given in

Appendix .19

2. For § < 0.54, the central bank sets i¥, = i, = 0 under an optimal @(b} for

any rr, < 0.

The intuition for Proposition [is straightforward. If the natural real interest-rate shock
is sufficiently severe, the zero bound will bind for any F/G\C(b) No boom or inflation
that can be generated by an F/G\C(b) after the shock has died out will suffice to lift the
economy in the downturn to the level at which the central bank will optimally start
to move away from the zero interest rate. By contrast, if the natural real interest-rate
shock is moderate or small, optimal levels of b are set at a sufficiently low level, such

that the induced boom and inflation after the return to normal times do not cause

18The proof is available upon request.
9For small values of 6, 7,4 is small (e.g. 714 = —0.029 for § = 0.1). For large feasible values of &,
71,4 becomes larger (e.g. 7,4 = —0.009 for § = 0.5).
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the central bank to start moderating the economy in the downturn already. Too high

values of b would cause inefficiently large booms and inflation.

Finally, we derive the optimal value of b in F/G\C(b)

Proposition 5

There exists a unique optimal P/‘G\C(b) characterized by

M2 7 . c

00, ifrp <rf,

where r{ 4, < 0 is a critical value of the natural real interest-rate shock given in Ap-
pendix [GL2°

Proposition |5 shows that it is optimal to use P{G\C(b) with small values of b if the shock

is small and large values if the shock is large.?!

5.3 Longer-term contracts

We have limited ourselves to simple renewable FGCs. In certain circumstances—when
negative natural real interest-rate shocks are severe and recovery probability is low—

one could employ renewable FCQCs with longer durations.

In Figure |11, we show the optimal value of b*, depending on the size of shock, for
FGCs with different lengths. Dashed vertical curves represent the critical values below
which b* = oo for 2-; 3-, 4-period FGCs (from the right to the left, the same for
Figure . The optimal value of b* increases with the size of shock which indicates
that the intensity of incentives should go hand in hand with the severity of the recession.
A large deflation and output collapse, caused by a large natural real interest-rate shock,
can be mitigated by a large expected inflation and output boom created by either a
contract of longer-term or a short-term contract with larger values of b. Thus, compared

to long-term F/G\Cs, short-term FGCs require larger value of b*.

20 Again, for small values of §, 7¢ , is small (e.g. r¢ , = —0.037 for 6 = 0.1). For large feasible values
of 4, r¢ 4, becomes larger (e.g. 7§, = —0.009 for § = 0.5).

21We have assumed that the central bank makes zero interest-rate forecasts in downturns. However,
given the choices of b described in Proposition [5| making positive interest-rate forecasts in downturns
would only add to losses for central bankers, since ¢, = ¢, = 0 is optimal. In turn, by the same
logic as in Proposition [} setting b at levels that would induce positive interest-rate forecasts cannot
be optimal.
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Figure 11: The optimal value of b* for FGCs with different durations.
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Figure 12: The expected social losses for FGCs with different durations, as functions
of rp, (rp € [-0.01,0]).
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Figure 13: The expected social losses for FGCs with different durations, as functions
of rp, (rp € [-0.05,0]).

Figure shows that for small and moderate sizes of shock, 2-period FGC is more
desirable as the inflationary expectation raised by 2-period FCC with a finite value of b*
is sufficient to compensate the deflation and output collapse caused by the natural real
interest-rate shock r, while 3- and 4-period FGCs constrain the central bank for a long
period which is excessive. However, as displayed in Figure 13| when the size of shock
is severe, longer-term FGCs could lower social losses further compared to short-term
contracts. Severe natural real interest-rate shocks require large incentive intensities
with long durations to mitigate the deflation and output collapse in downturns. While
those contracts can yield even lower social losses in such circumstances, they also
constrain the central bank for a long time and may thus be problematic, as unforeseen

events requiring greater flexibility may occur in the interim.

6 Discussion and conclusion
Forward guidance aims at influencing the public’s expectations, an objective that has

a long tradition in monetary policy. Today the reliance on forward guidance has be-

come a central aspect of monetary policy, often associated with the belief that forward
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guidance can provide a stimulus when economies are mired in longer downturns. We
have explored a simple contractual tool that makes forward guidance more effective

when the economy is at the zero bound.

Such FGCs strike a balance between Odyssian policy commitments and the need to
react to new developments. We have confined ourselves to very simple contracts,
written either after a downturn or in normal times. Numerous extensions of our research
could be pursued. For instance, one could take into account the fact that it takes time
to learn the magnitude of the shock, so the government necessarily has to sign such
contracts under a veil of ignorance, which, in turn, may call for moderate intensity of

incentives.

Also, one could allow for more complex contracts such as State-contingent FGCs. In
such contracts, the central bankers’ remuneration loss, which occurs if they deviate
from the forecasts, would itself depend on macroeconomic variables such as the output
gap. While such contracts could be investigated, the corresponding macroeconomic
variables are difficult to verify. Thus their usability for complex FGCs appears to have

little potential over and above the simple contracts examined in this paper.
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A Proof of Lemma 1l

In this appendix we examine the circumstances under which our previous assumption
holds that the central bank will select an interest rate of zero in a downturn. For this
purpose, we use and to replace m; and z; in the central bank’s instantaneous
loss function in period ¢ in the presence of a contract. The derivative of the resulting
expression with respect to i, has to be weakly positive at i¥ = 0. Otherwise, it would

be profitable to raise interest rates. Formally, this condition can be stated as
KT 4 Ar§ < 0. (34)

As a next step, we evaluate at 7% and z¢, where the latter two variables are

specified in and :
K [Af(b) + 77 ] + X [Bf(b) +27] <O0.

Solving for f(b) yields

kP + x2P K24+ N1 - B8), p
- = 7L |-

) = KA+ \B k(KA + AB)

B Proof of Lemma 2

To prove the lemma, we proceed in several steps. First, we determine the value of b
that minimizes the social losses represented by , assuming that the resulting value
of b satisfies , i.e. is small enough to ensure that the zero lower bound is binding
in the downturn. Second, we show that, for this value of b, is actually satisfied.
Third, we examine optimal central bank policy if condition fails to hold, i.e. in
the case where b is such that the zero lower bound is not binding. Fourth, we show

that the government would never find it optimal to select such a value for b.
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Step #1 Inserting and into and computing the derivative with respect
to b reveals that this derivative is proportional to f(b) — f*, where f* has been defined

in . We note that f* is positive because 7P < 0, 2P <0, A > 0, and B > 0.

Recall that f(b) is a strictly monotonically increasing function with f(0) = 0. Hence
for limy o f(b) = T /o > f*, there is a unique value of b, b*, that satisfies f(b) = f*.
This value minimizes expected social losses. By contrast, for lim, ., f(b) = ry/o < f*,
social losses are a strictly monotonically decreasing function of b Vb > 0. Loosely
speaking, the optimal value of b is infinitely high in this case. For the remainder of
the proof we focus on the case where values of b exist for which the zero lower bound

would not bind in equilibrium under optimal central bank policy, i.e. we focus on

limy_y0o f(b) =1 /0 > f*.

Step #2 It is unclear as yet whether for the value of b, b*, identified in the previous
step, the zero lower bound is actually binding in equilibrium. To show this, we prove
that with respect to 7;, the derivative of the central bank’s loss function, with the
Phillips Curve and the IS Curve used to substitute for inflation and output, is weakly
positive at i; = 0 in a downturn. Formally, this condition can be stated as

oICB
01y

> 0. (35)

iC
17 =0

Since

107 =17 = S (70)" 4 A ()] + %bz‘f

l\DI»—

with i; = i¢ and

o @w 895 1

can be rewritten as
k¢ + Ax§ <0. (36)

Using 7¢ = Af(b*) + 72 and 2§ = Bf(b*) + aP, replacing f(b*) by f*, and using
the definition of f* in , it is straightforward, though tedious, to show that is
satisfied for b = b*.
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Step #3 So far, we have determined the optimal choice of b from all values for
which the zero lower bound binds in equilibrium. However, it is conceivable that the
government would select a value of b such that this would not be the case, i.e. a value
for which is violated. Hence, we consider the equilibrium for this range of b in this
step. In the fourth step, we demonstrate that the government would never select such

a value for b*.
If the zero lower bound does not bind, the following first-order condition holds in
state L under an FGC, as can easily be shown:

k¢ 4+ A2¢ — boi€ = 0. (37)

The Phillips Curve , 7¢ = B (677 + (1 = §)n;) + wi¢, the IS Curve (1), 27 =
—o 1 [if — (675 + (1 = 0)75) —ri] + (625 + (1 — 0)2%;), @, , and can be

used to compute

k(1 —=06) (BA+bo(k+0 (14 B(1—-4))))

& = z(b) T T bo? ro + z(b)kry, (38)
1—6)(—Br>+b 1—036
o = UL T U= PO,y oy, (39)
where
bo

(40)

b) = .
O = T T = 30) + bo (o (1 = 0)(1 = B9)) — om)
We observe that z(b) is a monotonically increasing function of b (recall our previous

assumption o(1 — §)(1 — 36) — ék > 0).

Step #4 Suppose that b is sufficiently high for the zero lower bound not to be binding
(b> l;) Then and can be used to write per-period losses in a downturn as

Iy = (79)" + A (3)"

(/@(1 —0)(BA+bo(k+o(1+B(1—0))))
K2+ A+ bo?

2
= z(b)? TH+ HTL)

(41)

(1= 8) (=K% +bo (5 + o (1 — 55)))
+A< 2 A+ bo?

rag + (1 — 55)@) 2] :
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: - —of(b
Using f(b) = 78555270 and s’ = THKQ—?;() (see ), we can restate as

follows:
[ = 2(b)? [(m ) (ﬂ;—j_ﬁ(b)m +f(b) (s +0(1+B(1— 5)))) + m>

TH —Uf<b) 2 ?
+ A ((1 —9) <_—/<¢2 5 Br*+ f(b) (k+0(1— 55))) + (1 - 65)71) ] )
(42)

We will now explain that is a monotonically increasing function of b for b > b,
where b is implicitly defined by . This follows from two observations. First, we have
already noted that z(b) monotonically increases with b Vb > 0. Second, the term in
brackets in is a quadratic function of f(b). It is straightforward, though tedious, to
show that the minimum of this term, interpreted as a function of f(b), is at f(b) = f(b),
where f (Z)) is given by the right-hand side of . Hence 1) monotonically increases
with b for b > b.

Because at b = b, ¢ = ZE holds?? and (¢, evaluated at b, has to be larger than at b = b*
as b* is the value of b minimizing [¢, we can conclude that the government would not

choose a value of b with b > b.

C Proof of Lemma 3
C.1 Preliminary steps

We need to define the strategy of the government in the candidate equilibrium precisely.
We assume that the government will always sign a new contract for the next period in
state L, independently of whether a contract has been signed for the current period.
Moreover, we consider the case where the government never signs a contract for the
next period if the economy is in state H, irrespective of whether a contract exists for

the current period.

22Tt is not difficult to verify that, for b = b, ¢ = 7¢ = —K3+g(1+5(1_gg:gim+ﬁ(l_55) and
C _ Br*ry

Ty = j:g = eI o N(A=F9) which implies the continuity of social losses, interpreted as

a function of b, at b = b.
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Next we examine whether, for the government, profitable deviations exist in a particular
period, when the government takes its own future behavior, the behaviors of the central
bank and of the private sector as given. There are four potential deviations. First,
in a situation where a contract is present in the current period and where the current
economic state is L, the government chooses not to sign a contract for the next period.
Second, the government refuses to offer a contract in state L, given that no contract
is present in the current period. Third, in state H the government offers a contract
for the next period if a contract is active in the current period. Fourth, in state H
without a contract in the current period, the government introduces a contract for the

next period.

It is comparably straightforward to show that the third and fourth deviation cannot
be profitable. Showing that the other deviations are undesirable for the government is

more cumbersome and requires a few preliminary steps and some additional notation.

Let V(C') be the discounted future social losses for optimal central-bank and private-
sector behaviors, given the current state s € {L, H}, the fact that the government
pursues the strategy described above, and that a contract has been signed for the
current period. Vi(N) is the analogous expression for the case where no contract is
present in the current period. Moreover, let XY with s € {H, L} and X,Y € {C, N} be
the per-period losses in state s if currently there is a contract (X = C) or no contract
(X = N) and if in the current period a contract is signed for the next period (Y = C)
or not (Y = N).

We obtain the following equations:

Vi(C) = 19+ B VL) + (1 =) Vu(D)), (43)
Va(C) = 15" + BVu(N), (44)
Vi(N) = 179+ B8(6Ve(C) + (1 - 8)Vu(C)), (45)
Va(N) = 1" + BVa(N). (46)

We note that [NV = 0, (Y = [¥V and I1§¢ = [¥C, where the latter two conditions
follow from the observation that the zero lower bound always binds in state s = L,
irrespective of whether a contract was signed in the previous period. This observation

will be shown formally later.
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As a result, we obtain

1 1—96
Vi(C) = 1_&ng+—51(_65)ng, (47)
Vu(C) = 15", (48)
1 1—96
VL(N) = 1_—5(55€C+61(_—ﬂ5)lg]v7 (49)
Vu(N) = 0. (50)

C.2 Deviation in state L when a contract was signed in the
previous period

We are now in a position to specify the condition that ensures that the government
does not find it optimal to refuse to offer a contract for the next period, given that the

current state is L and that a contract was signed in the previous period:
N+ BOVLN) + (1= 0)Vu(N)) > Vi(O). (51)

The right-hand side of the inequality states the losses incurred if the government does
not deviate. The expression on the left-hand side represents social losses if the gov-
ernment does not offer a contract in the period under consideration but pursues its
equilibrium strategy in all future periods. With the help of —, can be
simplified to

SN >15C + p(1 — 0)I5N. (52)

This condition will be analyzed in more detail later.

C.3 Deviation in state L when a contract was not signed in
the previous period

In state L, the government will find it optimal to offer a contract for the next period,

provided that no contract was signed in the previous period, if
N+ B OVLIN) + (1= 6)Va(N)) = Vi(N), (53)

Because [YY = [N and VL,(N) = VL(C), this condition is equivalent to and thus
o ().
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C.4 Evaluating condition

To evaluate condition (52)), we have to determine (¢, 1C and I$V. For this purpose,
we observe that [$¢ and [§V are per-period losses that also occur in the candidate
equilibrium. Hence, we obtain
cc Cy2 C\2
" = 0.5[(m)” + A7), (54)
5N = 0.5[(r5)? + A5, (55)
To determine [$V, we have to compute inflation and the output gap, 7¢~ and 2¢¥, for
the case where the government does not offer a contract in state L for the next period
but reverts to its putative equilibrium strategy in all future periods, i.e. it will offer
a contract in state L and no contract in state H. In such a situation, expectations of
inflation and the output gap are
Eifmin] = om0+ (1 —d0)mp™ = ome, (56)
Eifzi1] = 627+ (1 —68)ay™N = 6af. (57)
It is tedious but straightforward to show that inserting these two expressions into ([1)
and , evaluated at ¢, = 0, yields

N = Pf(b)+np, (58)
2N = Qf(b) +a?, (59)

where 72, 2P, and f(b) have been introduced in (5), (12), and (4) respectively, and P
and @) are given by

K
P = 5[<5+5>A+/€B}, (60)
A
Recall that A and B have been defined in and .

C.5 Verifying that the zero lower bound binds for the devia-
tions

It remains to be verified that the zero lower bound is also binding for the deviations
analyzed above if is satisfied, which ensures that it is binding in state L in equi-

librium when a contract is present in the current period. We note that this is the case

38



for

rrSN + AN <0, (62)

Using , , , and 2P = %Wf ., which follows from and , and re-

arranging results in the condition yields

kP + Q)
— =< 1. 63
KA+ AB — (63)

It is straightforward to show A — P = 20=0xtel+8) & g and B—Q = % > 0,

o

which, together with P > 0 and ) > 0, implies .

C.6 Simplifying condition (52

Finally, we simplify condition to identify the set of parameter values for which no

profitable deviation for the government exists. The condition can be written as
0 () A ()~ (1) - A (1) = 51 =) (1) — B~ A (1)
= — (A= P24+ 2B = \Q% + B(1 = 8) (K2 + V) (f(b)°
—9 (A —P+AB-Q) _f‘s) f(b)rP.

AsP <0, 2= P24 AB2-AQ*+B(1-6)(k*+)) > 0,and (A — P+ A(B — Q)=2) > 0
(due to A > P and B > (@)), we can conclude that this expression is weakly positive
for all values of f(b) with f(b) > 0 that are smaller than or equal to 2f, where

3 A—P+\B-Q)x2

_ D
= A2 = P24 AB2 —AQ% + (1 —0) (k2 + \) AP (64)

Hence no profitable deviation exists for the government if f* < 2f, where

A+ \BE2 -
A4 AB 1 B(L—0)(A+r2)

Im= (65)
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D Proof of Proposition

Suppose that the value of b corresponded to the optimal value b** for the realization
rp = 7r. Clearly, for this particular realization of rp, social welfare would be higher
than in the benchmark case. In the following we show that this value of b also leads to
welfare improvements for all other realizations of r;. For this purpose, we note that
b** is a monotonically increasing function of |r.|, as both f and f* are increasing linear
functions of |7P|, which, in turn, monotonically increases with |ry|. As social losses
interpreted as a function of f(b) are monotonically decreasing for all f(b) < f*, we can
conclude that the value of b optimal for 7, would also increase welfare for all other

realizations of ry,.

E Proof of Lemma (4

With a given b, inserting and into yields

() = (kA + AB)[o(1 — 8)(1 — B8) — k] £(b) + [k2 + A(1 — B8)]rL "
L - bolo(1 —6)(1 — B0) — dk| + k2 + A(1 — (39) ,

where f(b) is given? in in Lemma .

Equation implies that i¢ > 0 if and only if r;, > aFy, where

o (kA + AB)[kA+ AB(1 — 6)] (67)
T K24 A1 = BO)[A2 + AB2 + B(1 = 8) (A + k2)]

Therefore, the zero lower bound is binding when r;, < arp.

We next prove that it is socially desirable to offer the FGC(b) when r < ary.

We can write the discounted social loss under discretion as in :

1
VL(D) = 1_—55557 (68)

where (P = 0.5[(7P)? + \(zP)?].

23Recall that b is the optimal value of b when r; = 7.
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The government would offer the contract when r;, < ary if and only if the discounted

social loss with FGC(E) were lower than the one in the benchmark case:

VL(C) < VL(D). (69)

Solving yields

rr < 0.97.

In our calibration?*, a = 0.95 > 0.5. Therefore, for all r; < a7y, is satisfied and it

is socially desirable to offer the FGC in these circumstances.

F Proof of Proposition

We have derived and , assuming the zero lower bound is binding. In a similar

vein, we now derive the inflation and output gap in downturn with a given FGC(b),

without assuming that the zero lower bound is binding. We obtain

KR

ni = AIO) + ey e e ) (70)
and
2§ = Bf(b) + 1 po (rp, — %) (71)
L o(1—06)(1—p8) —or = F

The government would offer the FGC if and only if applied.
Inserting , , and into yields
r, < T z,

where

a1as + Aagas — +/(a1as + Magas)? + (a5 — af — Aa3)[a3 + Aaf + B(1 — §)(A + #?)]
as — a3 — \a3

e =

F(b),

KO'B

olo(1 = 6)(1 — B8) — 0k]b + k2 + A(1 — B6)’

ay ‘=

24Numerical result shows that for all § that satisfy Assumption |1, a > 0.5 is fulfilled.
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ocAlo(1—6)(1— B6) — 0k]b+ A\(1 — B6)A — AsB
olo(1 — 6)(1 — B8) — 0k]b + k2 + A(1 — 56)
(1— B6)ob

olo(1 = 6)(1 — B8) — 0k]b + k2 + A(1 — B6)’

_ 0B[o(1-6)(1— B80) — k)b + k2B — k(1 — B6) A

 olo(1—6)(1 = B8) — 6K]b + K2+ A(1 — B6)
K2+ A1 — B5)?

[o(1—0)(1 —B6) — 0r]*

a9 =

ag ‘=

a5 ‘=

Parameters for Section 5

ko(k+o+0oB)(1—9)

o= [0(1 —6)(1 — B0) — 6k][o(1 + 6)(1 + BS) + Ik]
B o(k+ o0 —cB??%)(1 —9)

* T o= 8)(1 — B8) — or][o (1 + 0)(1 + B0) + o]
A . KO =0)[(k +0)* + 0B + 2k0 + 0* (1 = 8%)]

" o1 —0)(1 — B0) — ox][o(L+ 6)(1 + B3) + or]
B 5(1 —=98)[(k+ 0)? + ko B — 02257

" fo(1—0)(1 — 8) — o]lo(1 + 8)(1+ B0) + o]
o (=Bt K +0) + Mrto— )]
AT TR AT = B0l (1 + 0) (1 + BO) +0k]
c Ay
ra =

T oA o(L+0)(1 + B0) +or] !
Ay =0k (0B + K+ 0)+ oAk + 0o —oB%0°%) (1 — BI)

+ B°K*[(0B + K + 0)* — Bo*(1 + 367)]
+ BAG*(1 — B0)[ko B + (k + 0)® — 0?3267
Ay = 0*(1 = K> (0B + K+ )2 + o?A(1 — 8)(k + 0 — 0 425%)?
+ B6*(1 = 0)K*[(0B + Kk + 0)* — Ba(1 + 36%))?
+ BAP(1 = 0)[koB + (k + 0)* — 02 326%)
+ B(K* 4+ N)[o(1 = 8)(1 — B6) — 0k)*[o(1 + 6)(1 + BS) + 6k)?
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H Microfoundation of the central banker’s objec-
tive function

In this section we consider only the objective function of the central bank, as the
foundations of the other elements of our model are well-known from the literature (see
Eggertsson| (2005)). We assume, as is standard, that the economy is populated by a
continuum of identical infinitely-lived households. In addition, there is an individual
central banker. Hence, the central banker’s individual consumption choices have no

consequences for aggregate output and consumption.

We derive the central banker’s intertemporal social losses with FGCs. The central
banker aims at achieving a high individual utility. Moreover, he is altruistic and is
also interested in furthering the well-being of the other agents. More precisely, the
central banker faces one of two wage schemes. If no FGC is in effect, he receives
a fixed wage w > 0. By contrast, if an FGC was signed, the central banker is paid
according to the deviation of his actual choice of nominal interest rate from the forecast
wEP = ((iy) > 0, where wS? is the real wage paid to the central banker and i, = i, — if
is the deviation of the interest-rate choice from the forecast made at the time when
the contract is signed. We focus on functions ¢(-) with a global maximum, w®?

iy = 0, which satisfy ¢’(0) = 0, ¢’(iy > 0) < 0 and ¢”(0) < 0. Hence, the central

, at

banker faces wage reductions increasing with the size of the deviation from his earlier
announcements. The central banker’s wage is financed through a lump-sum tax. We
note that payment to the central banker is negligible at the aggregate level, so the
lump-sum tax necessary to finance his wage does not affect the households’ budget

constraints.

We make the assumption that the central banker is excluded from trading in financial

markets. The main motivation for this assumption is that the central banker should

be prevented from hedging against the variations of his income.?”

25This is in line with actual practices, as central bankers have to adhere to procedures for the
management of their personal assets that avoid a conflict of interest (see|Swiss National Bank, Bankrat
(2012) and |[European Central Bank, Banking Supervision| (2014))). With FGCs, prohibiting the use of
hedging instruments would be particularly important.
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For simplicity, we assume that the central banker is infinitely-lived and has the same
individual utility from consumption and discount factor S as the households. The

central banker’s utility from consumption is
CCByl-o _ | “\l—o __ 1
U(CtCB) _ (") _ C(ir) '

l1—0 1—0

We evaluate this expression in the steady state with 7 equal to 0. Thus the second-order

Taylor approximation delivers

¢0)=7 -1

l1—0

OO+ 2D (G ) e

CB) ~
/U/( t ) 28Zt

Since ¢'(0) = 0, we can rewrite the approximation as

Ol —1 1 ~
WL oo

CBY

u(Cy”) =

The first term is constant. The constant utility term can be neglected when we compute
the behavior of central bankers. However, the constant utility term and thus the fixed

CB are important to satisfy participation constraints of central bankers. Wage

wage w
w“P has to be set at levels at which central bankers are at least as well off as in other
occupations—e.g. being a household. We assume that w®? is set at levels at which

the participation constraint is fulfilled.

As mentioned earlier, the central banker is also altruistic towards households. Specifi-

cally, the overall loss of the central banker in period ¢ is

O =1 ) 7¢0)-,
N D ()

aly — u(CEP) = %(Wf + Az? — 2

with a being the weight of altruism. We scale the overall loss of the central banker
by i and deduct the constant term. The resulting loss function is denoted by (“? and
given by

¢(0)77¢"(0) =,

1
1€8 = §(w§ + A\xf — th). (86)

We set?6 b = —w and obtain

1 ~
1€ = §(n§ + Az} + bi}). (87)

We note that the sensitivity of the wage scheme with regard to the precision of forecasts,
¢"(0), enters weight b of the deviation of the interest-rate forecast from actual policy

choice in the loss function of the central banker.

26We note that the extreme case b = oo implies ¢”(0) = —cc.
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I List of variables and notations

Table 2: List of variables and notations (1)

Variables Description

Ty Ty, Uy inflation, output gap, nominal interest rate in period ¢

6] households’ discount factor

K coefficient in Phillips Curve

o relative risk-aversion coefficient of consumption

0 the probability of the economy being trapped in the downturn in each period

A relative weight of output-gap objective with respect to inflation objective

zf central banker’s forecast of interest rate in period ¢

b intensity of incentives provided by FGCs

se L,H low and high states

T TH,TL natural real interest rate in period ¢, in states H and L

C,N an active contract exists, no active contract exists

7T£ ) x? , if inflation, output gap, and interest rate in state s in discretion

Wf, .CESC, zsc inflation, output gap, and interest rate in state s with an active contract

7T£V , xév , ziv inflation, output gap, and interest rate in state s without active contract
N alN iV are equivalent to 7P, 2D P

I, 1€ social loss function and the central banker’s loss function

€1y social loss functions with and without an active contract in state s

* >k kok
1.6
L
r

f
A’ B7 P7 Q
rL

7~ e
b7 rL,Tp,a

expected discounted intertemporal social losses in state s with and without contract

a function of b

threshold values below which the zero lower bound is binding
optimal designs of the contract

threshold value below which the zero lower bound is binding regardless of the value of b

threshold value below which the optimal value of b is infinitely large

threshold value regarding the government’s behavior
constants
the maximum possible realization of ry in uncertainty scenario

values in uncertainty scenario
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Table 3: List of variables and notations (2)

Variables

Description

AlternativeSetup

c ..C :C
Tros Tros Lo

c .C :C
Tr1y To1s o1

AOa B07 Ah Bl
Via(C)

c jC
lLO? lLl

rrA

C
TLa
Proof

~C ~C 7C
L, 21, U}

X, YeC N

XY
TS,

a; — as, Al,Az
z(b)

XY XY
A

Microfoundation
w

’lUtCB, U_}CB

i

¢(r)
ceB
u(CEP)
(0%

inflation, output gap, and interest rate in state L

with an active contract in period 0

inflation, output gap, and interest rate in state L

with an active contract in period 1

constants

expected discounted intertemporal social loss with an FGC
social loss function with an active contract in state L

in periods 0 and 1, respectively

threshold value below which the zero lower bound is binding
regardless of the value of b

threshold value below which the optimal value of b is infinite

inflation, output gap, and loss function in state L with an active contract,

assuming the zero lower bound is not binding

X represents whether a contract was signed in previous period
Y represents whether a contract is signed in the current period
inflation, output gap, and social loss function in state s
constants

function of b

fixed wage the central banker receives when no FGC is in effect
wage the central banker receives when FGC is in effect

and its global maximum

the deviation of the interest-rate choice from the forecast

a function of 7,

central banker’s consumption

central banker’s utility from consumption

the weight of central banker’s altruism towards households
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