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1 Introduction

A number of papers documented that fiscal policy is extremely effective to increase
demand at the ZLB. In particular the classic government spending multiplier is greater
than one, while under normal circumstances it is not, for then monetary policy can
do the job via interest rate cuts. Examples include Eggertsson (2011), Christiano,
Eichenbaum and Rebelo (2009), Woodford (2011). The literature also uncovered pe-
culiar paradoxes, such as the paradox of toil (Eggertsson (2010)) and the paradox of
flexibility (see Bhattarai, Eggertsson and Schoenle (2014) for an overview of this liter-
ature and some general results). These results could be interpreted either as a serious
challenge to the conventional wisdom or reflect some fundamental flaws of the New
Keynesian framework. These results were, however, derived under the assumption
that prices are sticky, as in Calvo (1983).

It has long been recognized that the Calvo model of price setting has many pe-
culiar features. This led researchers to explore alternatives, such as information fric-
tions. One of the most prominent proposal to replace the New Keynesian Phillips
curve based upon Calvo prices is the assumption of sticky information, proposed
by Mankiw and Reis (2001). According to their hypothesis, firms adjust their prices
slowly because they do not continously update their information set. Mankiw and
Reis argued that this alternative assumption helps explain the data better along cer-
tain dimensions. A very natural question, in the light of the radical findings docu-
mented in the Calvo model at the ZLB, is if these results carry over to a setting where
information rigidities are assumed instead of sticky prices. The main conclusion of
this paper is that the answer is yes.

In an important and intriguing recent paper, Kiley (2016), documents experiments
in which the fiscal policy results of the Calvo model are overturned upon assuming
informational frictions as in Mankiw and Reis. The thought experiment Kiley con-
ducts is as follows: Suppose the Central Bank follows an interest rate peg for 100
periods. What happens if the government increases spending for 1, 2, ... upto 25
periods? What happens if taxes are increased for 1 to 25 periods? Kiley documents
that while under Calvo prices the predictions are in line with the existing literature at
the ZLB, the predictions are different under informational frictions. In particular, the
government spending multiplier is small, tax multiplier is negative and the paradox
of flexibility disappears. Kiley’s experiment is referred to in this paper as an interest
rate peg experiment (PEG-EX). Kiley interprets these findings as suggesting that the
sticky-information model is free from policy paradoxes, and thus to be favored over
the Calvo model. Here, instead, we argue that these findings are an artifact of the
thought experiment considered. The paradoxes in the sticky information framework
in fact get even stronger in policy experiments that correspond more closely to those
considered in the existing literature.

This paper compares sticky prices and sticky information doing a different ex-
periment. This experiment is identical to the one conducted in Eggertsson (2011),
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Christiano, Eichenbaum and Rebelo (2009), Eggertsson (2010), Woodford (2011). The
ZLB is binding due to exogenous fundamental shocks. Once the shocks are over, the
policy is given by a simple inflation target (which is missed for the duration of the
shocks, due to the ZLB). This experiment is referred to as ZLB experiment (ZLB-EX).
This paper documents that the results derived in the literature under sticky prices
in the ZLB-EX are even more extreme if sticky prices are replaced with sticky infor-
mation, which is the opposite of Kiley’s result. The government spending multiplier
becomes larger, and the paradox of toil and flexibility become more pronounced.

While this may seem to contradict Kiley’s findings, it does not. Instead it clarifies
that Kiley’s PEG-EX is a fundamentally different experiment than done in the existing
literature. What is particularly subtle — and interesting — about the comparison, and
likely to trigger confusion, is that under sticky prices the ZLB-EX and PEG-EX lead
to exactly the same result. It is only when assuming sticky information that the
results of the ZLB-EX and the PEG-EX are different. This does not have anything to
do with the nature of the nominal frictions. Instead, it is a consequence of the fact
that the sticky-information model has infinite number of endogenous state variables.
Meanwhile the Calvo model is purely forward looking. The presence of endogenous
state variables in the sticky-information model implies that comparing the reaction
of an economy assuming an exogenous interest rate peg, versus the reaction of the
economy if the central bank’s policy is bounded by zero due to fundamental shocks,
leads to very different results. The same does not apply for perfectly forward looking
systems like the Calvo model of price stickiness.

This paper first shows analytical examples that clarify the intuition behind these
tindings. It then moves to numerical examples that replicate Kiley’s results. These
examples confirm that Kiley’s results are driven by the difference in experiments
being conducted rather than anything fundamental about the assumption of price
stickiness.

Arguably, the ZLB-EX is more economically relevant than PEG-EX. It seems of
more limited economic interest — at least in the context of the crisis that started in
2008 — to explore the behavior of New Keynesian models if the short-term interest
rate is temporarily pegged for no apparent reasons. Instead, the most economically
interesting experiment appears to be when the interest rate is pegged due to the fact
that the ZLB is binding on account of a fundamental recessionary shock that prevents
the central bank from achieving its objective of stabilizing inflation and output. !

!We contemplate another experiment (Coordinated PEG-EX) in which the duration of the peg is co-

ordinated with the duration of fiscal policy (details in Appendix D). The results of this experiment are
qualitatively similar to that of the ZLB-EX. These coordinated pegs have been used by other papers ana-
lyzing the effects of fiscal policy as well (see Carlstrom, Fuerst and Paustian (2014)). Exogenous interest
rate pegs have been used in McKay, Nakamura and Steinsson (2016), Carlstrom, Fuerst and Paustian (2012)
to analyze the forward guidance puzzle, but only in the context of forward-looking models. As we note,
in perfectly forward-looking sticky-price models, it does not matter whether one assumes a passive mon-
etary policy due to an exogenous peg or binding ZLB resulting from a fundamental shock. However, it
is important to distinguish between Kiley’s proposed PEG-EX and Coordinated PEG-EX in the context of
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The following table summarizes the numerical results for the two models, cali-
brated to produce a 10% drop in output and 2% annual deflation on impact. It is
clear that in the ZLB-EX, government spending is more expansionary at zero interest
rate than at positive interest rate and that tax cuts are contractionary at the ZLB, in
both the models of nominal stickiness. Moreover, these paradoxes are starker under
sticky information.

Table 1: Fiscal multipliers in the sticky-price model

Government spending Tax cut
Positive interest rate 0.42 0.36
Zero interest rate 1.63 -0.4

Table 2: Fiscal multipliers in the sticky-information model

Government spending Tax cut
Positive interest rate 0.42 0.36
Zero interest rate 4.77 241

2 Alternative models of nominal rigidities

The most commonly used model of nominal rigidities is based on stickiness of prices
(see for example,Woodford (2003)). An alternative model of nominal rigidities is
based on stickiness of information (Mankiw and Reis (2001)). In the former model,
only a fraction of the firms get to reset their prices every period, while in the latter
model, all firms get to reset their prices every period but only a fraction of them get
to update their information sets in any given period. Both models can be described
by a system of 3 equations common in the monetary economics literature - IS curve,
AS curve and a policy rule.

In the Calvo model, firms account for the possibility of not being able to reset
prices in future periods. Hence, their optimal price decision depends on their current
marginal cost as well as current expectation of future marginal costs. On the other
hand, in the Mankiw and Reis model, each firm gets to reset its price in every period,
but firms that do not get the information update base their price decision on past
expectations of current marginal cost. This introduces infinite lags into the model as
firms set prices based on different vintages of information.

All of the results in this paper depend on the presence of these lagged variables
in the sticky-information framework. But there is nothing special about sticky "in-
formation" versus sticky "prices". In fact, the SI model could be interpreted as an
overlapping Taylor contract model. Similarly, Calvo originally interpreted the Calvo

sticky-information models as we will see.



probability as an information friction rather than referring to sticky prices. The mod-
els are entirely standard, accordingly, we only report them in their log-linear form,
but define all composite parameters, in terms of the underlying deep parameters in
Appendix C. Let us denote every variable x in deviation from its steady state as %,
then we get the following equilibria in the two models:

2.1 Sticky-price approximate equilibrium

A sticky-price approximate equilibrium, which is accurate up to a first order, is a
collection of stochastic process for output, inflation and the short-term interest rate,
{91, 71, ft}, that solve equations (1) and (2) given (i) a path for taxes and government
spending, {1, §:}, determined by fiscal policy, (ii) exogenous shocks corresponding
to the efficient rate of interest {#¢}, and (iii) a specification of monetary policy.2

9t = Bl — 0 1 (i — Betpsn — 75) + (& — Eirn) 1)

7ty = BEi M1 + Ky P — kg8t + Ko Ty 2)

Here, 0, xy, k¢, > 0,0 < p < 1and x, > xq.

2.2 Sticky-information approximate equilibrium

A sticky-information approximate equilibrium, which is accurate up to a first order,
is a collection of stochastic process for {7, 7, ft} that solve equations (3) and (4) given
(i) a path for {1, ¢;} determined by fiscal policy, (ii) exogenous shocks {#{}, and (iii)
specification of monetary policy.

9t = By — 0" (i — Bytypr — ) + (§ — Eiera) 3
At = f (kyﬁt - kggt + kr’ft)
=TT
FAZZ 0 (1= AV Epqj (R + [Ry (9 — Je-1) — Rg (§¢ — §1-1) + Re (7 — T-1)])
(4)

Here, 7, &y, K¢, 8z > 0,0 < g <1and &, > &,.

3 Analytical example

This section compares the predictions of sticky-price and sticky-information models
under the two different experiments described in the introduction - ZLB-EX versus
PEG-EX. The results are first summarized and then explained further using simple
graphs.

2Implicitly it is assumed here that there are lump-sum taxes that adjust to clear the government budget
constraint, so that fiscal policy is "Ricardian", see Eggertsson (2011) for further discussion.
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3.1 ZLB Experiment (ZLB-EX)

The ZLB experiment makes the following assumptions:
AL(Shock): # <0, fj =5k, #=0fort>1
A2.(Fiscal policy): ($1,%1) = (85, %), ($2,%2) = (0,0)
A3.(Monetary policy): 7; =0fort > 1

Ad.(Perfect foresight®): Eifi11 = 0rr1, BEiftpq = Ry Wt

Proposition 1. (ZLB-EX) Under the assumptions of ZLB-EX, the sticky price and sticky

information models have the following solutions:

Sticky-price model:

- )
S
fp=7fr=10=0
Gr=m=0=0 Vt>2
Sticky-information model:
A \ A Nl I
1 =mé +rt+(2-A)5! [1—}—1_—“,%}
o bty A2 = A)iyo ! 7 e
7= 7381 T 741 Y i Th
. —i
YTt
N o A . 1 N
=781 +1ti+(1-A)F 1 [1 A—rﬁ} ©
=0
I = (93— 92)
AZIS (1 =AY
~ ~ 7=0
Ye=Y-1 | — vVt >2
oy TAZ G (1A
=0 Vt>2

Iy = T(Jr+1— ) VE>2

3In the sticky information model, perfect foresight is assumed only for those agents who update their
information set in any given period. Also, this assumption is only for illustration purposes, and is relaxed

later in the numerical results section.



where, y1, Y2, Y3, Ya,v5 > 0 are defined as follows:

T = [—(24);&%(1—)\)@}, T2 = {(1%)127}/ Y3 = [Mf:f)} (Ry —Rg), va = [A(lzj)f‘)} Rz,

— _ kiy _kg
5= (1-2) ( Ky )
Proof. The full details of the proof are provided in Appendix A, which essentially

just involves solving the models backwards using Al-A4 and keeping track of all
terms. ]

These equations can be used to solve for the fiscal multipliers. As is well known in
the New Keynesian literature, policy paradoxes in the Calvo model with a one-period
deterministic fundamental shock take a weaker form. Tax cuts have no effect on out-
put and government spending increases output one-for-one. However, as shown in
the following results, even in this one-period shock setting, the sticky-information
model exhibits the policy paradoxes. This emphasizes that there is nothing funda-
mental in the Calvo price stickiness assumption that drives the policy paradoxes.

The following two results follow directly from solving the equations in Proposition
1.

Result 1 (Government spending multipliers). In the ZLB-EX, government spending mul-
tiplier at the ZLB is larger in the sticky-information model than in the sticky-price model.

<dgl>51 _ MRy - (=R
dgAl K -

Ky
<dy> g
dg:

Result 2 (Paradox of toil). In the ZLB-EX, tax cuts at the ZLB are contractionary in the
sticky-information model but have no effect in the sticky-price model.

dg \* _ (1= Mre
d’fl K -

Ky
N SP
()"
d’l’l

The reason that the paradoxes are more extreme in the sticky information model is
the persistence in the effects of the shock. Equation (5) shows that under sticky prices,
output, inflation and interest rate return to their steady state values immediately after
the fundamental shock is over in period 2. However, under sticky information the
recession continues even after the shock is over in period 2 (see equation (6)). This
persistence is due to the presence of lagged endogenous variables in the model. The
fact that the paradoxes are starker under sticky information can be understood further
by contemplating 7; and 7t; graphically, which is done in the next section, before we
turn to clarifying Kiley’s result, which leads to the opposite conclusion.
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3.1.1 Discussion

K

To simplify the analysis, consider the special case where A = The system of

T+
equations becomes:
AS: {1 = xyh — kgd + ket SE,SI
( T
=2+ 0 o+ g+ o | 4 7] ,SP, SI
fio =0 ,SP, SI @)
AD:
R 0 ,SP
=9 ) TR
Ysgi+mt+ (1-A)e [+ 7] st

The AS curves across the two models are the same. The AD curves, conditional on
expectation of future output, are also the same. This means that the only difference
between the multipliers in the two models stems from differences in the expectation
of future output. While this expectation is zero in the sticky price (SP) model, it
depends on lagged variables in the sticky information (SI) model.

In the (71, 1) space, the initial equilibrium for both the models is given by the
intersection of the aggregate demand (AD) and aggregate supply (AS) curves at point
E as shown in figure 1. The AD curves are vertical because demand does not depend
on current inflation, only expectation of future inflation, i.e. inflation in period 2.
Output is completely demand determined and pinned down by the shocks 7 and ¢,
and expectation of future output 7. To the extent that a tax shock does not affect 7,
it does not matter for current output. For a given level of output, then, inflation is
determined where the AD curve intersects the AS curve. Now, consider the effects
of two different policy interventions in this framework: an increase in government
spending and a tax cut. The final effect of policy on output depends on: a) the direct
effect of the policy on aggregate demand (#j;), b) the direct effect of the policy on
aggregate supply (711), ¢) the indirect effect of the policy on aggregate demand via its
effect on the expectation of future output (7).

The effect of government spending increase is illustrated in figure (1a). There is a
direct effect on the AS curves in both the models. Government spending takes away
resources from private consumption, so people want to work more to make up for the
lost consumption, shifting out labor supply and reducing real wages. The lower real
wages mean that the firms can produce more at any given rate of inflation, shifting
the AS curve out to the right. There is also a direct effect on AD in both the models
as government spending increases "autonomous" spending in the economy. In the SP
model, an increase in government spending does not interact with inflation expecta-
tions, and hence , the real interest rate remains unchanged. This causes consumption
to remain unchanged, and all of the increase in government spending shows up one-
for-one in output expansion. In the SI model, there is an additional indirect effect
of government spending on output, because current government spending becomes
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an endogenous state variable in the model, that produces expectations of a higher
future output. The net effect is that there is a rightward shift in AD curves in both
the models, but the shift is larger for the SI model. The new equilibria are given by
points A’ and B’ for the SP and SI models, respectively. At these points, output is
higher than the initial equilibrium for both SI and SP, but the increase is larger under
SIL.

The effect of tax cut is illustrated in figure (1b). There is a direct effect on the AS
curves in both the models. People want to work more, as they get more money in
their pocket for every hour worked. This reduces real wages, the benefits of which get
passed onto the consumers, producing deflation in the economy. There is no direct
effect on the AD curves in either model. In the purely forward-looking Calvo model,
expectation of future output is independent of current fiscal policy. In the SI model,
however, there is an indirect effect of tax cut on current output, as current tax cut
becomes an endogenous state variable, that produces expectations of a lower future
output. This in turn lowers output today. The net effect is that there is no change in
AD in the Calvo model, but a leftward shift in AD in the SI model. The new equilibria
are given by points A” and B” for the SP and SI models, respectively. At these points,
output is lower in the SI model but remains unchanged in the SP model.

Hence we have just seen analytically and graphically why in the ZLB-EX the policy
paradoxes are actually stronger under sticky information than sticky prices. We now
turn to how one can obtain the opposite result by considering an alternative thought
experiment.

AD  AD'(SP) AD'(SI) Ty AD'(SI) AD

Ys

(a) Effect of increasing government spending (b) Effect of cutting taxes

Figure 1: Policy predictions of ZLB-EX



3.2 [Exogenous Interest Rate Peg Experiment (PEG-EX)

The Exogenous-PEG experiment makes the following assumptions:
B1.(Shock): # =0 Vt, iy =1 =0
B2.(Fiscal policy): ($1,%1) = (¢s, %), ($2,%2) = (0,0)
B3.(Monetary policy): 7; =0 fort > 2
B4.(Perfect foresight): ;11 = Jr+1, Eiftpr1 = 1 Vit

This alternative experiment is different from the ZLB-EX in two main regards.
One, there is no fundamental shock to the economy. Two, the peg lasts for two
periods while the fiscal policy is active for only one period, which means that in the
second period, inflation is not at its target level assuming sticky information while it
remains at zero under sticky prices. This difference generates the difference between

the two experiments.

Proposition 2. (PEG-EX) Under the assumptions of exogenous PEG-EX, the sticky price
and sticky information models have the following solutions:

Sticky-price model:
h=2%&
i1 = (g —Kg)§1 + KTy
i =0 (8)
=7y =1=0
Gr=f=14=0 Vt>2
Sticky-information model:
=018 + 0ot
Mty = (38s + Qas
i1=0
=0 ©)

yt:ﬁt:ft:O Vt>2
where, (1,(3,C4 > 0and (2,(5,(s < 0 are defined as follows:

Proof. The details of the proof are shown in Appendix B. Again, it simply involves
9



solving the model backwards, using B1-B4. The key point in the derivation is that
we show that under sticky information in PEG-EX, 7, = 0 while 71, may be different
from zero, which is in contrast with our previous example. ]

The following two results follow directly from solving the equations in Proposition
2.

Result 3 (Standard government spending multipliers). In the PEG-EX, the government
spending multiplier in the sticky-information model is smaller than that in the sticky-price
model and is bounded above by 1.

=)

<1

<d91>“: 1+ (125) &
dg 1+ (125)

A

y

Result 4 (No paradox of toil). In the PEG-EX, tax cuts are expansionary in the sticky-
information model but have no effect in the sticky-price model.

3.2.1 Discussion

To simplify the analysis, consider again the special case where A = ;1. The system

of equations becomes:
AS: {1 = xydh — kgd + ket SESI
=0+ M+ ,SP, 81
,SP, SI (10)
0 ,SP
C58s + Cets Sl

<

AD: {77

o =

The AS curves across the two models are the same. The AD curves, conditional on
expectation of future inflation, are also the same. This means that the only difference
between the multipliers in the two models stems from differences in the expectation of
future inflation. Contrast this to our previous experiment, where the only difference
in AD was difference in expectation about output in deviation from steady state in
period 2 which is in this experiment zero. Meanwhile, the inflation expectation is zero
in the sticky-price model, but depends on lagged variables in the sticky-information
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model. The final effect of policy on output depends on: a) the direct effect of the
policy on aggregate demand (1), b) the direct effect of the policy on aggregate supply
(7t1), ) the indirect effect of the policy on aggregate demand via its effect on the
expectation of future inflation (77,).

As shown in figure (2a), an increase in government spending has a direct on the
AS curves in that it produces inflation in both the models, as under ZLB-EX. It also
has a direct positive effect on AD in both the models as it increases "autonomous"
spending in the economy. There is an additional indirect effect of government spend-
ing on output in the SI model: government spending today becomes an endogenous
state variable in the model - it acts like a cost push shock that produces deflationary
expectation in the economy. This tends to reduces output today. The net effect is that
there is a rightward shift in AD curves in both the models, but the shift is smaller for
the SI model. The new equilibria are given by points A" and B’ for the sticky-price
and sticky-information models, respectively. At these points, output is higher than
the initial equilibrium for both SI and SP, but the increase is larger under SP.

As shown in figure (2b), a tax cut has a direct effect on AS in that it acts like a
negative cost push shock and produces deflation in both the models, as under ZLB-
EX. It has no direct effect on AD in either models. There is an indirect effect on AD
in the SI model, which is absent in the Calvo model. This effect in the SI model
occurs because a tax cut today becomes an endogenous state variable in the model -
it acts like a cost push shock that produces inflationary expectations, which inreases
output today. The net effect is that there is no change in AD in the Calvo model,
but a rightward shift in AD in the SI model. The new equilibria are given by points
A” and B” for the sticky-price and sticky-information models, respectively. At these
points, output is higher in the sticky-information model but remains unchanged in
the sticky-price model.
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(a) Effect of increasing government spending (b) Effect of cutting taxes

Figure 2: Policy predictions of PEG-EX

In summary, in ZLB-EX, the policy paradoxes are present in both sticky-price and
sticky-information models, whereas in PEG-EX, the policy paradoxes are absent in
the sticky-information model. This difference is a consequence of the fact that the SI
model has an infinite number of endogenous state variables while the SP model is
purely forward looking. The endogenous state variables become important once one
artificially pegs the nominal interest rate independently of the fundamental shocks.
This insight will now be carried over to a more dynamic setting, that replicates Kiley’s
quantitative experiment.

4 Numerical results: Sticky-price vs sticky-information under
ZLB-EX

This section provides the results of ZLB-EX under a parameter calibration that is
common in the literature (details in Appendix C). The aim is to provide a relevant
magnitude of the fiscal multipliers and discuss the paradox of flexibility. An AR(1)
process is chosen for the natural real interest rate shock and a deterministic transition
path is contemplated. The duration of the binding ZLB is endogenously determined.
The persistence and magnitude of the real interest rate shock are chosen to produce a
10% recession and 2% annual deflation on impact in the sticky-price model. The same
shock process is then fed into the the sticky-information model and the information
rigidity parameter is chosen to match the 10% recession and 2% annual deflation.*

This is reminiscent of the exercise in Eggertsson (2011) but the value of the multipliers
is different due to a different assumption about the stochastic process — he assumes a

“Codes for this exercise are available online on our webpage.
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two state markov process rather than an AR(1).

Overexpansionary government spending

Table 3: Government spending multipliers

Sticky-price Sticky-information
Positive interest rate 0.42 0.42
Zero interest rate 1.63 4.77

At positive interest rates, government spending crowds out private consumption, and
hence its effect on output is small (multiplier less than one) in both sticky price and
sticky information models. At zero interest rates, however, government spending is
over-expansionary in both the models, with the expansionary effect being higher in
the sticky-information model.

Paradox of toil

Table 4: Tax cut multipliers

Sticky-price Sticky-information
Positive interest rate 0.36 0.36
Zero interest rate -04 -241

At positive interest rates, tax cuts promote consumption spending and create an out-
put expansion in both sticky-price and sticky-information models. At zero interest
rates, however, tax cuts are contractionary. This contractionary effect is more sharply
evident in the sticky-information model.

Paradox of flexibility

In the numerical solution, as prices become more flexible, the output contraction in
response to a negative real interest rate shock becomes worse in both sticky-price
and sticky-information models. Infact, the paradox of flexibility is starker under
sticky-information than under sticky-prices. This is because increasing information
flexibility makes inflation more responsive to the output gap. Therefore, in response
to the shock, not only current deflation but also expected deflation is bigger. This
expected deflation feeds into the current output and contracts it further.

13
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Figure 3: Effect of increasing flexibility at zero interest rates

It is well-known what is happening in the sticky-price model, but a brief com-
ment upon this paradox in the sticky-information model is in order, given that it is
more subtle due its dependence on the combination of information flexibility (A) and
shock persistence (o;,). In a model where the shock persists for the first two periods
and goes back to the steady state in the third period, there is a range of A for which
the paradox of flexibility holds. This can be shown analytically, but it is rather cum-
bersome. Similar results can be derived for variations where the shock persists for
more than two periods, but it gets progressively harder to get closed form solutions.
Accordingly, the finding is presented as a computational result.

Result 5 (Information threshold). Let A* be the threshold level of information-flexibility,

beyond which the paradox of flexibility holds. That is, for A > A¥, Z—K < 0. And, let pyy

be the persistence of the natural interest rate shock. Then, the threshold level of information-

flexibility is a decreasing function of the persistence of the shock. That is, % <0.

Table 5: Paradox of flexibility and shock persistence

Prmn | A

0.1 1

0.2 1

0.3 | 0.76
0.4 | 0.66
0.5 | 0.62
0.6 | 048
0.7 | 0.38
0.8 | 0.26
0.9 | 0.18

For any given probability of information updating A, paradox of flexibility becomes

14



more likely as persistence of the shock increases. This is because, for a given A, a
negative shock to the natural real interest has a direct effect on current output and
inflation — output and inflation fall. There is an additional indirect effect on current
output through changes in the expectations of future output. The expectation of
future output for every period in which the shock is present will be negative. It
is only once the ZLB is no longer binding, that the inflation-targeting central bank
will pursue expansionary monetary policy which would increase output. Hence, the
final effect on current output depends on the relative magnitude of the cumulative
negative output gap in the shock-on periods versus the positive output gap in the
shock-off period. The higher the persistence of the shock, the higher is the magnitude
of the cumulative negative output gap. This means that as the shock persistence
increases, the expansionary effect once the shock is over, is less able to outweigh the
contractionary effect while the shock is on. This is true also for the original threshold
A. Hence, the new threshold A is lower if the persistence of the shock is higher. In the
baseline calibration, p;;, = 0.88 and the corresponding threshold A* = 0.16.

5 Replicating Kiley’s results

Table 6: Calibration parameters (from Kiley (2016))

Parameters Value

A 0.25
B 1

o 1

K 0.033
g 0.0165
Ry 0.1
Rg 0.05
P 1.5
by 0.125

The PEG-EX is different from the ZLB-EX in two respects. The first is absence of a
fundamental shock that drives the economy into the ZLB environment. The second is
lack of policy coordination, that is, the duration of the peg is different from the dura-
tion of fiscal policy. It is important to understand which of these differences explains
the difference in the policy results. Accordingly, we contemplate yet another exper-
iment, which lies somewhere in between the ZLB-EX and the PEG-EX. We call this
the Coordinated PEG-EX (CPEG-EX). Under this experiment, there is no fundamental
shock to the economy but the duration of policy is coordinated with the duration of
the peg.

This section compares the numerical results for multipliers under PEG-EX versus
CPEG-EX. Both models are calibrated as per table 6 to replicate the policy results of
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Figure 4: Government spending multiplier

Kiley (2016). The only difference is in the specification of fiscal policy. In particular,
under PEG-EX, duration of the fiscal policy intervention is varied period 1 to period
25, while the interest rate is pegged to its steady state value for 100 periods. Under
CPEG-EX, the interest rate peg lasts for as long as the fiscal policy shock is on.

As we will see, the paradox results for the CPEG-EX are qualitatively similar to
that of the ZLB-EX. This underlines the importance of policy coordination in this
class of models. Quantitatively, the paradoxes are even starker under CPEG-EX than
ZLB-EX.

The key result under PEG-EX is that the policy paradoxes depend on the assumptions
regarding the nature of price adjustment — sticky prices versus sticky information.
Kiley interprets this to mean that changes in assumptions regarding price dynamics
can overturn the key policy paradoxes at the ZLB. Figure 4 (a) is a replication of Figure
2 of Kiley’s paper. The graph shows that in the sticky-price model, the government
expenditure multiplier — that is, the average increase in output over the period of
higher government expenditure — is strictly greater than one and increasing in the
duration (T) of the fiscal expansion. In the sticky-information model, the government
expenditure multiplier is strictly less than one and decreasing in the duration (T) of
the fiscal expansion. However, as illustrated in the preceding section, the absence
of the over-expansionary effect of government spending under sticky-information
here is an artifact of the exogenous interest rate peg. Under CPEG-EX, government
spending is over-expansionary even under the assumption of sticky-information, as
depicted in Figure 4 (b). Infact, the multiplier is higher under sticky-information than
under stick-prices.

Similarly, Figure 5 shows the effect a tax increase under the assumption of sticky-price
and sticky-information under PEG-EX versus CPEG-EX. In the sticky-price model,
tax increase creates output expansion under both experiments. However, the effect of
tax increase on output in the sticky-information model depends on the experiment
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being performed. Under PEG-EX in Figure 5 (a), tax increase has no effect on output,
whereas under CPEG-EX in Figure 5 (b), tax increase is expansionary. Infact, the
expansionary effect under CPEG-EX is higher in the sticky-information model than
in the sticky-price model.
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Figure 5: Tax multiplier

These graphs illustrate that keeping the interest rate pegged after the policy interven-
tion is over (PEG-EX) reduces the expansionary power of government spending and
makes the paradox of toil disappear in the sticky-information model. This is because,
in the absence of the peg, the Central Bank would want to lower the interest rate from
second period onwards, in order to stimulate the economy. Constraining the Cen-
tral Bank’s ability to do so through a peg, mechanically engineers a contractionary
monetary policy in the model and prevents output from expanding. The subtlety
lies in the fact that the interest rate peg produces no such contradiction, relative to
ZLB-EX/CPEG-EX, in the sticky-price framework. The sticky-price model is purely
forward looking, and as soon as the shock is over, output, inflation and interest rate
go back to their respective steady states. Hence, holding the interest rate constant is
inconsequential in that model.

6 Conclusion

This paper demonstrates that the key policy predictions of the New Keynesian model
at the ZLB are independent of the assumption about the nature of price dynamics —
sticky prices or sticky information. This contradicts the recent findings of Kiley (2016)
that the policy paradoxes of the sticky-price model are fragile and disappear under
the alternative sticky-information assumption of Mankiw and Reis (2001). Kiley’s
findings are driven by the nature of the experiment he performs, rather than anything
fundamental about sticky information. He assumes an arbitrary interest rate peg
independent of any fundamental shock or policy intervention (PEG-EX in the paper).
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This is very different from the policy experiment common in the ZLB literature, where
the ZLB is binding due to a fundamental shock and policy is explicitly in response to
it (ZLB-EX in the paper). It is even different from much of the literature on interest
rate pegs, where it is typically assumed that fiscal intervention lasts as long as the
interest rate peg (CPEG-EX).

Analytical examples and numerical simulations are used to illustrate and explain
this result. In the ZLB-EX, government spending multiplier is larger and paradox of
toil is starker under sticky-information than under sticky-prices. This is because in
the purely forward looking sticky-price model, current policy leaves expectations of
future variables unchanged. Hence, there is only a "direct" effect of current policy on
current output. In the backward looking sticky-information model, however, current
policy has an additional "indirect" effect on current output, which comes from its
effect on the expectations of future variables.

In the alternative experiment, PEG-EX, government spending multiplier is smaller
than one and paradox of toil disappears under sticky-information. This is because an
arbitrary interest rate peg is equivalent to engineering a contractionary monetary
policy in that framework. In the absence of the peg, an inflation-targeting central
bank would lower interest rate in order to stimulate output and inflation. The peg
puts a constraint on the central bank’s ability to do so. The subtle feature of this
experiment is that it doesn’t affect the predictions of the sticky-price model. This is
because the sticky-price model is purely forward looking, and all variables revert to
their steady state once the temporary fiscal policy shocks are over. Hence, pegging the
interest rate to its steady state value (even after the shock is over) is inconsequential
in that model.

We further contemplate an experiment, which is a hybrid of the ZLB-EX and PEG-
EX, called CPEG-EX. Under CPEG-EX, while the interest rate peg is arbitrary to the
extent that there is no fundamental shock causing it, policy duration is coordinated
with the peg duration. The results for the multipliers under CPEG-EX are qualita-
tively similar to that of the ZLB-EX. This underscores the importance of coordinating
fiscal policy with the duration of monetary policy passiveness in this class of experi-
ments.

Finally, this paper illustrates numerically that the paradox of flexibility is also
starker under sticky-information. This result is harder to intuit from an analyti-
cal example, because the response of output to increased flexibility in the sticky-
information model depends on the persistence of the underlying fundamental rate
shock.

Overall, the paradoxical results for fiscal policy multiplier at the ZLB could be
interpreted as reflecting a weakness of the Calvo model. This paper, however, clarifies
that these paradoxes are not a product of the Calvo assumption, but rather are a
fundamental feature of models with nominal rigidities, irrespective of its source, be
it sticky prices or sticky information.
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Appendix
A Proof of Proposition 1

Sticky-price model
9t = Eifp1 — 0 (I — Eyftpg — %) + (8 — Erdra1)
" X N R . 11
7t = BEi 1 + Kkl — kot + KT
Assumptions (A1)-(A4) imply that:
For t=1:
o1
=D+ —+0 "N +&
N=TI ! (12)
i1 = Kyl — K¢81 + KT
For t=2: s
]{2 =Y3 j v 2 (13)
7ty = KyY2
For t=3: -
AR (14
73 = KyY3
For any t>2:
yo e (15)
T = Kyyt
Applying (A3) to period 2 Phillips curve (eqn 13) allows us to solve for #j, as follows:
7°(2 = Ky]?z
0 = xyi2 (16)
— yz =0
Substituting #, into period 1 IS curve (eqn 12) gives:
=0 +o71% + 8 17)
o1 P
Substituting 7, in period 1 Phillips curve (eqn 12) gives:
Kyﬁ_lf e .
=ty 0 P+ KT (18)

i1 = (xy —xg) &1 + 1471

Output for every period ¢+ > 2 can be solved from that period’s Phillips curve using

assumption (A3). We get that for t>2, §; = 7; = 0.
Sticky-information model

9t = Eifr1 — 0" (it — Eeftrn — ) + (8¢ — Eigre1)
(19)

A

Ryfe — Re&r + Re'th)
Gt —8i-1) + e (T — 1))

A=
1A
HATZ o (1= A) Epoaj (A + [Ry (9 — Gr-1) — &g (

Assumptions (A1)-(A4) imply that:
Al



~717

For t=1
A~ o 1 ~—T1nre A
1=Y2+ = +0 1 +8
(20)

Y 1+1i
T = i\ (Ryj1 — Rg81 + Rety)
=TT
For t=2: .
D =19—0 '
. A . P . (21)
= 75 Fyf2 + A (o + [Ry (92 — 1) + K1 — Rer])
For t =3: .
P3=104—0""13
R A o (22)
iy = T Fyfs + A+ AL = A)] (s + &y (55 — 52))
For t = 4:
fa=105—0 ‘i
A 5 . o (23)
fu = o Ryda+ [+ A= 2) + A1 = A (7a+ Ry (54— 95))
For t>2: X
=011 —0 1t
(24)

+ AZE;(Z) (1 =AY (A + Ry (9 = 91-1))

Period 2 Phillips curve (eqn 21) along with assumption (A3) can be used to solve for §, as

follows: N
Ao = Ry + A (R + [Ry (92— 91) + Redy — Reti])
0= "5 Ryf2 + A (0+ [Ry (92 — 1) + Red1 — Rrtr]) 25)
Jr = 1-4 4 Ng A Rt .
e (2—/\) { RS kyTl]

Substituting ¥, into period 1 IS curve (eqn 20) gives f;:

=AMy, — (1= A)kg (1—A)kr L
= 4 |—— L 4+ (- A)——
n [ %, &1+ . T+ ( A)1+i o
Substituting #/; into period 1 Phillips curve (eqn 20) gives 71:

Ky

) A2 —A) g, RTH
] = (1_/\ ) l(;cyxg)gl + ety + R0+ 157 27)
To write #j, in terms of exogenous parameters, substitute the solution for #; (eqn 26) into 7, (eqn 25):
~ ~—17
(=M (28)

Ky — K K
p=01-M) (L2 )a+0-1) () a+0-A)——
2= (=) (B ) g =) (5 ) mr -0
Further, we can solve for the transition dynamics of output in each period using the Phillips curve for
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that period along with assumption (A3). For t>2, we get:

A B o
0= 1-A (Kyyf) +AZ§:(2) (1-AY (0+Ky 7 _]/tfl))
A - 1P — il o~ A
0= L Y + /\Z;:% (1- /\)]] KyYt — [AZ§:§ (1- /\)]] yYi-1
; AT (1-4) ;
t= - | Y1
2 +AZ(1-2)

B Proof of Proposition 4
Sticky-price model

9t = Efip1 — 0 (i — Betpyr — %) + (& — Eidin)
7t = BE 11 + Kyt — kgt + KTt
Assumptions (B1)-(B4) imply that:

For t=1 .
G1=1+0 M+g1
i1 = By + Ky?l — Kggl + xct
For t=2:
Y2=13
ﬁ.’z = Kyﬁz
For t=3: 1s
J3=104—0 13
ﬁ3 = Kyyg
For t>2:

~

" N ~—1
Ye=Yiy1 —0 1t
= Ky]?t

Period 3 Phillips curve along with assumption (B3) allows us to solve for #j3 as follows:

i3 = KyiJ3
0=rxyJs
- ]23 =0

Substituting i3 into period 2 IS curve (eqn 32) implies:
2=93=0
Substituting 7, into period 1 IS curve (eqn 31) gives #;:
h==&
Finally, substituting #; into period 1 Phillips curve (eqn 31) gives:

7%1 = (Ky — Kg)gl + KT

(29)

(30)

(D)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

Further, we can solve for output in each period t > 2 using the Phillips curve for that period along

with assumption (B3). For t>2, we get §j; = 0 as 7t; = 0.
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Sticky-information model
9t = Btfrr — 0 (it — Eeftern — ) + (8¢ — Erdrin)

. A A
=171 (Ry§r — Kot + Re') (39)
+ALZy(1- M E_1j (e + [Ry (9 — 9r-1) — Rg (& — §1—1) + Re (8 — £1)])
Assumptions (B1)-(B4) imply that:
For t=1 .
T1=0+0 T+
LA 9 — Folhs + o) (40)
Mm=71_2x (Ryth — Re1 + Rty
For t=2:
V=13
X A S (41)
iy =Ryt A (T + [Ry (2 — 1) + &e$1 — Reta])
For t=3: "
J3=04—0 13
. A . A R (42)
s = T Ryfs + A+ A= A)] (a2 + &y (55 — 52))
For t=4: "
Ja=0s—0 4
. A P, (43)
fu= T o Ryt [A+A(1 “A) HA(L=A) } (A4 + Ry (92 — 93))
For t>2: -
D=Yr1—0 1
(44)

FAZIZ (1= AY (14 Ry (9~ 911)
Period 3 Phillips curve (eqn 42) along with assumption (B3) allows us to solve for 3 as follows:

. Ao fa R (00 — O s + &y (3 — 9
3 = Kol + A (R + Ry (92— 92)) + A1 = A) (7 + &y (95— 72))
Ryfs + ABi—1 (04 Ry (92— 92)) + A(1 = A) (0+ &y (95 — 92)) (45)

A
11—

A+A1=A)
2 FA+A1I-A)

U3 =12
Substituting i3 into period 2 IS curve (eqn 41) gives the following equation for #:

A)\+A(1f/\) a5
A A+ A(1-A)

T2=12

Since A > 0, the only solution to this equation is 7, = 0.
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Substituting , = 0 into period 1 IS curve and period 2 Phillips curve gives

~—1a A
=0 "fip+
1 2T 81 47)

=A (ﬁz + [—kyyAl + Rggl — 1?7’?1])

'Sb <

Solving these simultaneously gives 7j; and 77,:
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Substituting 77 into period 1 Phillips curve (eqn 40) gives 71:

o= () s (R 2 P () ]
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Further, from period 4 Phillips curve along with assumption (B3), and solution 73 = 0 we get

R T Lt

0=7=3
. A+AT=A)+A(1—A)? .
— = | A-A)+AA=A7 |, (50)
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=0
Similarly, we can solve for the transition dynamics of output in each period t > 2 using the Phillips

curve for that period along with the assumption (B3). For t>2, we get

A _ o
(Ky9¢) +AZIZG (1 =AY 0+ (9 — §1-1))

OZl—A K
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C Calibration parameters

Table 7: Calibration parameters

Common parameters Description Value
B Discount factor 0.9970
o Risk aversion parameter 1.032
n Frisch elasticity of labor supply 1.7415
w Probability of price non-adjustment 0.66
A Probability of updating information 0.15
0 CES parameter 13.6012
P Reaction to inflation 100000
Py Reaction to output gap 0
P Steady state government spending to output ratio 0.2
T Steady state tax rate 0.1
e Generates 10% drop in output, 2% deflation -0.0225
Orn Makes ZLB bind for around 16 quarters 0.88
Sticky-price parameter Value
K 0.0841
Ky 0.0103
Ko 0.0044
Kt 0.0038
g 1.29
Sticky-information parameter Value
Ky 0.1228
Ko 0.0523
e 0.0450
g 1.29
Parameter details:
=15, ¢= S, k= 7(17“’)87&’), Ky =x(T+1), Kg=K7, *r=g,
Ry =T K= f= mmenmy 0= v &= 9%
h=1-1T M=p—p, h=17, H=&-{un= i
D Coordinated Interest Rate Peg Experiment (CPEG-EX)
The Coordinated-PEG experiment makes the following assumptions:
C1.(Shock): 7{ =0 Vt, i3 =0
C2.(Fiscal policy): (41,%1) = (s, %),  ($2, %) = (0,0)
C3.(Monetary policy): 7y =0fort > 1
C4.(Perfect foresight): E(J;11 = Jr41, Eiftyq = g VE
Sticky-price model
9t = Eifp1 — 0 (1 — Eyftpy — %) + (8¢ — Erdrs1) (52)

7t = BBty 1 + kylr — Kot + KT
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(53)

Assumptions (C1)-(C4) imply that
For t=1
n=n+s&
i1 = Ky — Kg81 + KTy
For t=2: .
e (54)
7ty = KyY2
For t=3: .
pon e 55)
73 = Kyyg,
For t>2: .
AR (56)
T = KyYi
Applying (C3) to period 2 Phillips curve (eqn 54) allows us to solve for 7, as follows
ﬁ’z = Ky]b
0= xyi (57)
— ]}2 =0
(58)

Substituting i, into period 1 IS curve (eqn 53) gives:
h==%

(59)

Substituting #/; in period 1 Phillips curve (eqn 53) gives:
1= (ky —Kg) &1+ xey

Output for every period ¢ > 2 can be solved from that period’s Phillips curve using assumption (C3).

We get that for t>2, iy = 7, = 0.

Sticky-information model
9t = Eefer — 0" (i — Eeftern — ) + (8 — Ergryn)
. A .
= 1 (Rl — Rl + 72 )
+ /\Z}?‘;O (1- /\)f Efq1- (7 + [Ry (9r — Pr—1) — Rg (8¢ — §e—1) + &Ko (7 — T—1)])
Assumptions (C1)-(C4) imply that:
For t=1
h=n+&
4= (Ryih — Re$1 + Retr) €D
= 1A yY1 &1 T
For t=2: .
p=9y3-0 i
R A N (62)
T 1_)\Kyy2+)\(n2+ [Ky (y27y1)+Kg81*KTT1])
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(63)

For t=3: 17
PB3=04—0 13
fta = T Ryls + A+ AL = A)] (72 + &y (93— 92))
For t=4: 1
Ja=95—-0"ia
A B o (64)
fa = 2o Ry A A= A) A= V2] (R + Ry (35— §5))
For t>2: .
9t = P11 — 00t
(65)

. A
oA

+ ARG (1= A) (e + Ry (9 — 1))

Period 2 Phillips curve (eqn 62) along with assumption (C3) can be used to solve for fj, as follows:

Kyyz +A (f(z + [ky (?2 — ?1) + Kggl — Kf’f’l])

=1
O0=g—f2+tA (0+ [Ry (92 — 1) + Re§1 — Reta]) (66)
1= AN [, Re. el
= (2 - /\> {yl 7 " kyﬁ}
Substituting 1, into period 1 IS curve (eqn 61) gives ;:
(67)

X 2— ARy — (1—A)Re] . 1-MNie] .
I LS LY PN GRS T
Ky Ky
Proposition 3 (Government spending multipliers). In the CPEG-EX, the government spending multiplier in the

sticky-information model is bounded below by 1 while it is equal to 1 in the sticky-price model.

>51: Q-Mfy - (1 -Mfg
Ky o

dg
(dy) T

g

Proposition 4 (Paradox of toil). In the CPEG-EX, tax cuts are contractionary in the sticky-information model but

(d?l

have no effect in the sticky-price model.
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Numerical results: ZLB-EX vs CPEG-EX

Table 8: Fiscal multipliers under sticky-prices

Government spending Tax cut
ZLB-EX  1.63 -0.4
CPEG-EX 1.04 -0.03

Table 9: Fiscal multipliers under sticky-information

Government spending Tax cut
ZLB-EX 477 -2.41
CPEG-EX 5.14 -2.64

A9



	Introduction
	Alternative models of nominal rigidities
	Sticky-price approximate equilibrium
	Sticky-information approximate equilibrium

	Analytical example
	ZLB Experiment (ZLB-EX)
	Discussion

	Exogenous Interest Rate Peg Experiment (PEG-EX)
	Discussion


	Numerical results: Sticky-price vs sticky-information under ZLB-EX
	Replicating Kiley's results
	Conclusion
	References
	Appendices
	Proof of Proposition 1
	Proof of Proposition 4
	Calibration parameters
	Coordinated Interest Rate Peg Experiment (CPEG-EX)




