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1 Introduction

Aggressive central bank actions during the early parts of the 2008 financial crisis led many devel-

oped economies into liquidity traps where the zero lower bound (ZLB) on nominal interest rates

constrained conventional monetary policies. In the searchfor alternative stabilization tools, some

analysts aired strong views about the appropriate design offiscal interventions in a liquidity trap.

Romer and Bernstein’s (2009) analysis of the American Recovery and Reinvestment Act questioned

the effectiveness of tax cuts but argued that the governmentspending multiplier is likely to be large

given the Fed’s policy of near zero interest rates. Similarly, the IMF’s 2012 World Economic Out-

look partially blamed ongoing fiscal consolidations for theunexpectedly poor growth performance

of many European countries, citing the ZLB as a key reason forwhy it underestimated spending

multipliers. In this paper we question these views and show that the impact and relative effective-

ness of spending and tax policies in a liquidity trap depend importantly on the underlying reasons

for the crisis.

Our analysis builds on a dynamic rational expectations model with nominal rigidities in which

monetary policy follows an interest rate rule that prescribes an aggressive response to deviations

of inflation from a target. Such Taylor rules are widely viewed as empirically plausible descriptions

of central bank policies in many countries over the last couple of decades. Taylor rules are also

theoretically appealing because they eliminate many typesof inefficient business cycle fluctuations.

However, these rules do not prevent recessions caused by large economic shocks that force the ZLB

to bind. These not only include large shocks to fundamentalsbut, because the ZLB constraint gen-

erates multiple equilibria, also non-fundamental shocks to expectations. We show that fundamental

and expectations driven liquidity trap equilibria have very different implications for the design of

fiscal policies meant to stimulate aggregate activity.
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A fundamental liquidity traps may occur when a large economic shock causes sufficient deflation

such that the ZLB on the short term nominal interest rate becomes binding. One example of such a

deflationary shock is a taste shock affecting households preferences for current vs. future consump-

tion. When a taste shock leads to an increase in desired savings, the central bank’s typical reaction

is to cut nominal interest rates and discourage savings by inducing lower real interest rates. How-

ever, if the shock is sufficiently severe and the ZLB constrains the central bank’s response, lower

inflation instead leads to higher real interest rates which stimulate household savings. The outcome

is a liquidity trap in which current output has to fall in order to equilibrate the savings market. A

non-fundamental liquidity trap instead may occur when it isa shift an expectations that produces

sufficient deflationary pressures to cause the ZLB to bind. A state of low confidence in which house-

holds expect a persistent drop in income can lead to a decrease in current consumption and higher

desired savings. If the wave of pessimism is sufficiently severe and the ZLB constrains the central

bank response, higher real interest rates encourage household savings and output must fall to equi-

librate the savings market. The reductions in income confirmthe households’ initial pessimism as a

self-fulfilling equilibrium.

As in many countries post 2008, fundamental and confidence driven liquidity trap crises are both

characterized by nominal interest rates at the ZLB and output below trend. Indeed, we show that, in

the absence of policy interventions, the two types of liquidity traps can feature near-observationally

equivalent paths of output, interest rates and inflation. However, under the assumption that fiscal or

unconventional monetary policies do not succeed in shortening the duration of the liquidity trap, the

impact of fiscal interventions is sharply different. In the confidence driven liquidity trap, increasing

government purchases has deflationary effects. Higher realinterest rates and crowding out of pri-

vate consumption limit the expansionary effects of higher government spending. A reduction in the

marginal labor tax rate has inflationary effects, reduces real interest rates and crowds in private con-

sumption. As a result, tax cuts become more expansionary at the ZLB than at positive interest rates.
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In contrast, in a fundamental liquidity trap increased government spending is inflationary and can

have very large expansionary effects, whereas tax cuts are deflationary and become contractionary.

The two different scenarios therefore lead to opposite conclusions about what fiscal instrument is

more effective at stimulating output at the ZLB.

Our results imply that the design of fiscal stimuli or austerity packages in a liquidity trap has to

be conditioned on the underlying reasons for the continued weak growth performance and on how

policies affect consumer confidence. Because confidence shocks can create an environment that in

the short run is hard to distinguish from one caused by fundamental shocks, the best fiscal policy

response in 2008/2009 may not have been obvious. However, the passing of time is informative. In

our model, a fundamental liquidity trap only exists when itsexpected duration is sufficiently short

whereas a confidence driven liquidity trap must have a relatively high expected duration. The very

prolonged recent experience with near zero interest rates may therefore increasingly point to a role

for self-fulfilling expectations that affect the impact of policy interventions.1

Some researchers dismiss expectations driven fluctuationsas mere theoretical curiosities because

reasonable deviations from strict rationality often implythat non-fundamental rational expectations

equilibria become unstable. Along these lines, Christianoand Eichenbaum (2012) are skeptical of

the uncertainties regarding the impact of fiscal policies ina liquidity trap that arise because of equi-

librium multiplicity. We extend our analysis to a setting with recursive learning and find that, when

expectational errors are relatively small, learning dynamics are quantitatively not very important

over relevant time horizons and do not alter the conclusionsfrom the rational expectations model.

1In the US, the federal funds target has been 25 basis points orless since December 2008. The official bank rate in
the UK has been 50 basis points since March 2009. The ECB’s main refinancing rate has not exceeded 150 basis points
since March 2009. In Japan short term nominal interest rateshave been near zero since the autumn of 1995.
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Our analysis contributes to a rapidly growing literature onthe implications of the ZLB for stabi-

lization policies. Fuhrer and Madigan (1997), Wolman (1998), Krugman (1998), and Orphanides

and Wieland (1998, 2000) are among the first to study the ZLB and monetary policy in an intertem-

poral framework. Our paper is related to Benhabib, Schmitt-Grohé and Uribe (2001a,b), who point

to the ZLB constraint as a source of global indeterminacy anddiscuss perfect foresight equilibria

converging to a liquidity trap steady state. Several studies have looked at the quantitative effects of

fiscal interventions in a fundamental liquidity trap, e.g. Eggertsson and Woodford (2004), Cogan,

Cwik, Taylor and Wieland (2010), Eggertson (2011), Woodford (2011), Christiano, Eichenbaum

and Rebelo (2011) and Coenen et al. (2012). Aruoba and Schorfheide (2013) evaluate US fiscal

policies during 2008/09 in the context of a non-fundamentalliquidity trap and reach conclusions

very similar to ours. Another strand of the literature replaces rational with learning agents and stud-

ies liquidity trap dynamics after expectational shocks, e.g. Evans and Honkapohja (2005), Evans,

Guse and Honkapohja (2008) and Benhabib, Evans and Honkapohja (2012).

The remainder of the paper is structured as follows: Section2 presents the model and character-

izes the liquidity traps. Section 3 contains our analysis ofthe impact of fiscal policy. In Section 4,

we replace rational expectations with recursive learning.Section 5 concludes.

2 The Model

2.1 Preferences, Technologies and Government Policies

There are four types of agents: A representative household;competitive final good producers; mo-

nopolistically competitive intermediate good firms that set prices subject to nominal rigidities; and

a government that is in charge of fiscal and monetary policies.
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Households A representative and infinitely-lived household with rational expectations has prefer-

ences

E0

∞

∑
t=0

βtωt

(
c1−σ

t −1
1−σ

+θ
l1−κ
t −1
1−κ

)
, σ,θ,κ ≥ 0 , (1)

whereEs(xt) denotes the mathematical expectation conditional on all information available at date

s, β ∈ (0,1) is the subjective discount factor,ct and lt denote consumption of a single final good

and leisure, 1/σ is the intertemporal elasticity of substitution in consumption andκ determines the

Frisch labor supply elasticity.ωt is an exogenous preference shock following a process to be spec-

ified later. As fluctuations inωt affect the household’s intertemporal preferences, we willrefer to it

as a discount factor shock.

In addition to a finite time endowment normalized to one and a no-Ponzi constraint, household

choices are restricted by a sequence of budget constraints:

Ptct +
Bt

1+ it
≤ (1− τt)Wt (1− lt)+Bt−1+Tt +ϒt (2)

wherePt is the nominal price level,Bt are holdings of one-period nominal bonds,it is the nominal

interest rate,τt is a proportional labor income tax,Wt is the nominal wage,Tt are lump sum govern-

ment transfers or taxes andϒt are firm profits. Utility maximization yields the first order necessary

conditions:

θl−κ
t cσ

t = (1− τt)
Wt

Pt
, (3)

c−σ
t = β(1+ it)Et

[
ωt+1

ωt

Pt

Pt+1
c−σ

t+1

]
. (4)

Condition (3) determines labor supply by equating the marginal rate of substitution between leisure

and consumption with the after tax real wage. Condition (4) determines consumption and saving

decisions by equating the intertemporal marginal rate of substitution of consumption with the real
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interest rate. Finally, optimality requires the transversality condition lims→∞Et

[
Bt+s

(1+it)...(1+it+s)

]
= 0.

Firms A competitive sector of firms produces the final goodyt using a continuum of intermediate

inputs according to

yt =

(∫ 1

0
y1−1/η

it di

)1/(1−1/η)
, (5)

whereη > 1 is the elasticity of substitution between intermediate inputsyit . Letting Pit denote the

price ofyit , cost minimization implies

yit =

(
Pit

Pt

)−η
yt , (6)

Pt =

(∫ 1

0
P1−η

it di

)1/(1−η)
. (7)

Each intermediate inputyit is produced by a monopolist using labor inputnit according to

yit = nit . (8)

Monopolists set prices taking into account the demand functions in (6). However, pricing decisions

are constrained in the standard Calvo fashion: Any given period, an individual monopolist can

adjust its pricePit only with probability 0< (1−ξ)≤ 1. The parameterξ thus indexes the degree of

nominal rigidities withξ = 0 corresponding to the case of perfect price flexibility. If it can adjust in

periodt, the monopolist chooses a new priceP∗
it that maximizes expected profits, given by

Et

∞

∑
s=0

ξsQt,t+s

(
P∗

it −

(
1−

1
η

)
Wt+s

)(
P∗

it

Pt+s

)−η
yt+s . (9)

The monopolist takes as givenQt,t+s = βs(ωt+s/ωt)(Pt/Pt+s)(ct+s/ct)
−σ, which is the periodt

value to its owner, the representative household, of a profitmade in periodt + s. Firm profits in

(9) incorporate a proportional labor subsidyWtnit/η from the government. This corrective subsidy

6



ensures that an efficient steady state exists which will act as a useful welfare benchmark in the

analysis below.2 The first order necessary condition for the optimal reset priceP∗
it is:

Et

∞

∑
s=0

ξsQt,t+s[(P
∗
it −Wt+s)yit+s] = 0 . (10)

Because the price setters’ decision problems are identical, we consider symmetric equilibria where

P∗
t = P∗

it . Applying the law of large numbers to (7) then yieldsPt =
(

ξP1−η
t−1 +(1−ξ)(P∗

t )
1−η
) 1

1−η
,

such that newly adjusted relative pricesp∗t ≡ P∗
t /Pt determine overall inflationπt ≡ Pt/Pt−1 through

ξπη−1
t +(1−ξ)(p∗t )

1−η = 1 . (11)

Aggregating across producers by substituting (6) and (8) into (5) and using (11) yields

yt = nt/vt (12)

vt = ξπη
t vt−1+(1−ξ)(p∗t )

−η (13)

wherent =
∫ 1

0 nit di is aggregate labor input andvt ≥ 1 is the degree of price dispersion across goods

that arises because of the price setting friction. Since every monopolist has the same technology,

efficiency requires all monopolists charging the same pricein which case there is no price dispersion

andvt = 1. If there is price dispersion andvt > 1, labor is inefficiently allocated across firms and

there is a wedge between total outputyt and total labor inputnt .

Labor market clearing requires

nt = 1− lt . (14)

2We consider a cashless limit economy and ignore any real-balance effects.
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Government Policies The government is in charge of monetary and fiscal policies. Monetary

policy is specified by a Taylor rule for the short term nominalinterest rate:

1+ it = max

(
π̄
β

(πt

π̄

)ϕ
,1

)
, (15)

whereπ̄ ≥ 1 is the inflation target andϕ > ϕ measures the responsiveness of the interest rate to

inflation. The interest rate rule implies (a) that the gross real interest rate is 1/β when inflation stays

on targetπt = π̄; and (b) that the nominal interest rate cannot be negative such that the ZLB may be a

binding constraint. We also assume thatϕ exceeds the lower boundϕ to guarantee local determinacy

in a neighborhood of the inflation targetπ̄.3

Fiscal policy involves choices of taxes and government purchasesgt with debtBt evolving as

Bt

1+ it
= Bt−1+Ptgt +Tt +

Wtnt

η
− τtWt (1− lt) (16)

Clearing in the market for the final good requires

yt = ct +gt . (17)

We will later make precise assumptions on labor tax ratesτt and government purchasesgt and

postpone the details for now. We assume throughout that fiscal policies are Ricardian: Lump sum

transfers always adjust such that the present value of government debt converges to zero for all

equilibrium and off-equilibrium paths.

3With a price stability target̄π = 1, the condition isϕ = 1 such that interest rates must respond more than one-for-
one. Coibion and Gordonichenko (2011) show more generally thatϕ depends on the inflation target and is larger than
one when̄π > 1.
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2.2 Equilibrium

A monopolistically competitive rational expectations equilibrium consists of an allocation(ct , nt , lt,

yt)
∞
t=0, non-negative prices(Wt/Pt ,πt , p∗t ,vt)

∞
t=0, and monetary and fiscal policies(it ,gt , τt,Bt/Pt)

∞
t=0

such that (i) households maximize utility, (ii) firms maximize profits, (iii) monetary policy follows

the interest rate rule, (iv) fiscal policies are consistent with the government budget constraint, and

(vi) goods, asset and labor markets clear, given initial conditionsB−1, andv−1 ≥ 1 and processes

for ωt , gt andτt .

In what follows, we study stochastic sequences of outputyt , inflation πt , reset pricesp∗t and price

dispersionvt that solve a system of non-linear expectational differenceequations implied by the

market clearing and optimality conditions. This system is given by

1 = β
[
max

(
π̄
β

(πt

π̄

)ϕ
,1

)]
Et

[
1

πt+1

ωt+1

ωt

(
yt+1−gt+1

yt −gt

)−σ
]
, (18)

p∗t πt =
Et ∑∞

s=0(βξ)sωt+s
θ(1−vt+syt+s)

−κ

1−τt+s

(
∏s

j=0πt+ j

)η
yt+s

Et ∑∞
s=0(βξ)sωt+s(yt+s−gt+s)

−σ
(

∏s
j=0 πt+ j

)η−1
yt+s

, (19)

1 = ξπη−1
t +(1−ξ)(p∗t )

1−η , (20)

vt = ξπη
t vt−1+(1−ξ)(p∗t )

−η , v−1 given, (21)

as well as the processes for the preference shockωt and fiscal policiesgt andτt . Equation (18)

combines the consumption Euler condition, the interest rate rule and the final goods market clearing

condition. Equations (19)-(21) jointly result from optimal price setting and labor and goods market

clearing conditions.
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2.3 Permanent Liquidity Traps

One possible equilibrium outcome is that the economy ends upin a permanent liquidity trap. Such

an outcome can potentially explain why, despite pegging itspolicy rate near zero for almost two

decades, the Japanese central bank so far has failed to prevent continuing declines in nominal prices.

To see how this equilibrium outcome can arise, suppose (i) there are no discount factor shocks,

ωt = 1 for all t; and (ii) that government purchases and labor taxes are zeroin everyt, i.e. gt = 0

andτt = 0. Absent any uncertainty, constant steady state consumption requires through the Euler

condition that the real interest rate(1+ i)/π equals 1/β. Using the Taylor rule, inflation is then

determined by

max

(
(π/π̄)ϕ

β/π̄
,1

)
1
π
=

1
β
. (22)

Because of the ZLB constraint, there are two possible solutions: In anintendedsteady stateI ,

inflation is on targetπI = π̄ ≥ 1, and the nominal interest rate is positive; in anunintendedsteady

stateU , there is deflationπU = β < 1 and the nominal interest rate is zero. Steady state outputy

depends on inflationπ through

θ(1−vy)−κ /y−σ =
1−ξβπη

1−ξβπη−1

(
1−ξ

1−ξπη−1

)1/(η−1)

(23)

wherev= (1−ξ)1/(1−η) (1−ξπη−1
)−η/(1−η)

/(1−ξπη) is the steady state level of price dispersion.

The dynamics around the intended steady state explain why anactive interest rate rule and an objec-

tive of price stability are widely considered to be desirable features of monetary policy. An active

rule responds sufficiently aggressively to inflation (ϕ > ϕ) and ensureslocally unique convergence

to the intended steady state. A price stability target, i.e.π̄ = 1, implies that all relative price distor-

tions disappear as the economy approaches the intended steady state andp∗t ,vt → 1. WhenπI = 1,

output is determined by the efficiency conditionθ(1−yI )
−κ /y−σ

I = 1. But there also exist infinitely
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many perfect foresight equilibria that converge to the unintended steady state, see Benhabib et al.

(2001a,b). In these equilibria, the economy ends up in a perpetual liquidity trap with deflation and

zero nominal interest rates. In the presence of nominal rigidities, price dispersion never dissipates

vU > 1 and sinceθ(1−yU/vU )
−κ /y−σ

U < 1 these outcomes are necessarily inefficient.

2.4 Confidence Shocks and Temporary Liquidity Traps

Even if Japan’s experience could be described as an anticipated trajectory towards a permanent liq-

uidity trap state, an important question is whether the sameis true for the recent ZLB episodes in the

US and other countries. Based on observed inflation, output and interest rates since 1983, Aruoba

and Schorfheide (2013) conclude that such a transition to a permanent liquidity trap state is very

unlikely for the US. Moreover, Gust et al. (2012) document that market expectations have been in

line with a prolonged spell of near zero interest rates, but also with interest rates rising eventually

in the long run. Therefore, a more realistic model involves beliefs of an eventual escape from a

liquidity trap, albeit at an uncertain future date.

The model permits equilibria featuring temporary and imperfectly anticipated liquidity traps that

are not only more promising empirically, but also better justify the use of short run stabilization

policies. For now we maintain the assumption that there are no discount factor or fiscal policy

shocks. Although there is therefore no uncertainty regarding the economy’s fundamentals, there

still exist equilibria in which outcomes are stochastic anddepend on non-fundamental random vari-

ables, called sunspots.4 Denote such a sunspot byψt . Definingut ≡ [yt ,πt, p∗t ] , we are interested in

equilibria for which the dynamics can be described by

ut = f (vt ,ψt) (24)

vt = h(vt−1,ψt) , v−1 given (25)

4See Shell (1977), Cass and Shell (1983). Benhabib and Farmer(2000) survey sunspots in macroeconomic models.
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for a given stochastic process forψt . The functionsf andh generate equilibrium sequences if they

solve (18)-(21). In a sunspot solution, agents rationally condition expectations onψt and output,

inflation and the other variables fluctuate randomly as a function of the realization ofψt .

Consider a sunspot that follows a two-state discrete Markovprocess,ψt ∈ (ψO,ψP), with transi-

tion probabilities Pr(ψt+1 = ψO|ψt = ψO) = 1 and Pr(ψt+1 = ψP|ψt = ψP) = qψ < 1. The first state

ψO is absorbing, i.e it is impossible to leave this state. Suppose f (vt ,ψO) andh(vt ,ψO) describe

the unique equilibrium path to the intended steady state such that in the long runut andvt converge

almost surely tovI anduI ≡ [yI ,πI , p∗I ]. Since this outcome is desirable in terms of welfare,ψO

represent a state in which agents have ‘optimistic’ expectations. The economy starts in a second

stateψP with finite expected duration 1/(1−qψ) in which agents instead have ‘pessimistic’ expec-

tations. While in this state, the economy converges to an inferior outcome,vP ≡ limt→∞ h(vt ,ψP)

anduP ≡ [yP,πP, p∗P] = f (vP,ψP), that solves

y−σ = β
[
max

(
π̄
β

(π
π̄

)ϕ
,1

)][
qψ

π
y−σ +

1−qψ

πO(v)
(yO(v))

−σ
]
, (26)

p∗ =

(
1−qψβξπη−1

)
(
1−qψβξπη

) (Λ(v)θ(1−vy)−κ yσ +(1−Λ(v))πO(v)p
∗
O(v)

)
, (27)

v = (1−ξ)1/(1−η) (1−ξπη−1)−η/(1−η)
/(1−ξπη) , (28)

p∗ = (1−ξ)−1/(1−η) (1−ξπη−1)1/(1−η)
, (29)

wherevO(v)≡ h(v,ψO), uO ≡ [yO(v),πO(v), p∗O(v)] = f (v,ψO) andΛ(v) are functions ofv.

To see why the ZLB permits short run dynamics driven by pessimism despite long run convergence

to the intended outcome, Figure 1 depicts the two key relationships that determine output and infla-

tion while theψP state lasts.5 TheAS-schedule, obtained from (27) after appropriate substitutions,

5Figure 1 is based on numerical evaluations using the parameter values discussed in Section 3. The functionsvO(v),
uO(v) andΛ(v) are not known analytically, but are approximated numerically, see also Section 3. TheAS andEE
schedules result from evaluating these functions as well asusing (28) and (29) to substitute outv andp∗.
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represents supply and price setting decisions and is positively sloped. TheEE-schedule, based on

(26) after substitutions, represents intertemporal consumption decisions as well as the interest rate

rule and is kinked because of the ZLB constraint: With inflation or moderate deflation, the nominal

interest rate is positive and sufficiently responsive such that more inflation leads to higher real inter-

est rates and therefore lower consumption in the short run. With stronger deflation, the ZLB binds

and higher inflation lowers real interest rates which encourages consumption in the short run.

Because of this non-monotonicity, there can be twoAS/EE intersections. The solution where output

and inflation converge to the first intersection to the northeast(yI ,πI) corresponds to the intended

deterministic equilibrium. In the sunspot solution, output and inflation instead converge to the sec-

ond intersection to the southwest(yP,πP): The ZLB binds and there is deflationπP < β < πI and

lower economic activityyP < yI . Forqψ → 1 the liquidity trap becomes permanent and(yP,πP)→

(yU ,πU).

By causing shifts from pessimism to optimism, sunspots can be viewed as exogenous shocks to

confidence. Agents’ pessimism about income levels in the immediate future lead to lower desired

consumption. Nominal rigidities imply that firms respond bylowering production as well as prices.

If the confidence shock is sufficiently severe and monetary policy becomes constrained by the ZLB,

falling prices result in a higher real interest rate which further reduces desired consumption. This

in turn requires even stronger price declines, higher real interest rates that induce more saving, etc.

Akin to the paradox of thrift, in equilibrium this vicious spiral ends only if income falls sufficiently

to eliminate excess savings, which in turn validates the agents’ pessimism.6 The end result is a

temporary liquidity trap with depressed economic activity.

6A paradox of thrift occurs when higher desired savings loweraggregate demand and economic activity such that
actual savings decrease in equilibrium. In our model, aggregate savings are not affected but the increase in desired
savings leads to lower output.
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2.5 Confidence versus Discount Factor Shocks

Temporary liquidity trap recessions can also occur becauseof shocks to the economy’s fundamen-

tals. One particular short run deflationary shock that may cause the ZLB to bind isωt , which affects

households’ time preferences.7 Consider equilibria characterized by

ut = f (vt ,ωt) (30)

vt = h(vt−1,ωt) , v−1 given (31)

where the functionsf andh again solve (18)-(21), now for stochasticωt . For clarity, we now exclude

all sunspots and focus on equilibria with the discount factor shock as the only source of random

fluctuations. Suppose thatωt is generated by a two-state discrete Markov chain,ωt ∈ (ω,1) where

ω < 1, with transition probabilities Pr(ωt+1 = 1|ωt = 1) = 1 and Pr(ωt+1 = ω|ωt = ω) = qω < 1.

Stateωt = 1 is absorbing and the economy converges to the intended steady state in the long run.

The economy starts in a stateωt = ω with expected duration 1/(1−qω). For as long asωt = ω,

the economy converges to a point,vL ≡ limt→∞ h(vt ,ω) anduL ≡ [yL,πL, p∗L] = f (vL,ω), that solves

(28)-(29) as well as

y−σ = β
[
max

(
π̄
β

(π
π̄

)ϕ
,1

)][
qω
π

y−σ +
1
ω

1−qω
πH(v)

(yH(v))
−σ
]
, (32)

p∗ =

(
1−qωβξπη−1

)

(1−qωβξπη)

(
Γ(v)θ(1−vy)−κ yσ +(1−Γ(v))πH(v)p

∗
H(v)

)
, (33)

wherevH(v)≡ h(v,1), uH ≡ [yH(v),πH(v), p∗H(v)] = f (v,1) andΓ(v) are functions ofv. After sub-

stitutions, these equations again provideAS/EE-schedules linking output and inflation, which are

shown in Figure 2.8 There is a single intersection(πL,yL) at which the ZLB binds, there is deflation

7Discount factor shocks often have similar implications as shocks to credit spreads or household borrowing con-
straints in more complicated models, e.g. Cúrdia and Woodford (2010).

8Figure 2 is based on numerical evaluations, see in Section 3.
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and economic activity is depressed. Intuitively, for as long asωt = ω < 1, utility from current con-

sumption is low relative to the expected utility of future consumption and the economy’s natural rate

of interest declines. In the face of temporary low demand forgoods, firms decrease production as

well as prices. If the shock to intertemporal preferences islarge enough to constrain monetary policy

at the ZLB, falling prices result in higher real interest rates (relative to the natural rate), further re-

ductions in consumption, even stronger price declines, higher real interest rates, etc. In equilibrium

income must fall to eliminate excess savings and because of nominal rigidities the preference shock

causes an inefficient liquidity trap recession.

Figures 1 and 2 reveal a key difference between confidence anddiscount factor shocks. In order

to preserve a determinate outcome in which afundamentalshock causes the ZLB to bind, the Taylor

rule must be expected to become active in the not too distant future. The discount factor shock can

therefore not be too persistent. For anexpectations drivenliquidity trap to be possible, the Taylor

rule must instead be expected to be at the ZLB for a sufficiently long time and the state of low

confidence instead must be relatively persistent. Graphically, an expectations driven liquidity trap

(yP,πP) only exists if theAScurve has a greater slope than theEE curve in the binding ZLB region.

A fundamentals driven liquidity trap(yL,πL) only exists under the exact opposite condition. Fixing

other parameters, the key determinant of the slopes is the expected duration of the short run ZLB

state. For longer durations (higherqψ or qω), theASschedule is steeper because price setters are

more willing to adjust prices in response to weak demand as marginal costs are expected to remain

low for a longer time. A longer expected spell of deflation andhigh short term real interest rates

flattens theEE curve because deflation more strongly rewards delaying consumption.
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3 A Quantitative Evaluation of Fiscal Interventions

We now turn to a quantitative evaluation of temporary government spending increases and labor tax

cuts in a liquidity trap.

3.1 Calibration and Numerical Solution

One period corresponds to a quarter. We assume an annual realinterest rate of 4 percent in the long

run and setβ = 0.99. The intertemporal elasticity of substitution in consumption is 1/σ = 1, a value

solidly in the range estimated in the consumption literature. θ targets an average of one third of

available time spent in the labor market. We setκ = 2.65 to yield a Frisch labor supply elasticity of

0.75, which is in the range considered realistic by labor economists. The elasticity of substitution

between intermediary inputs isη = 10, which implies a markup of 11 percent in the long run. The

degree of nominal rigidities isξ = 0.65, which implies that prices are adjusted approximately every

three quarters, a value consistent with the empirical evidence of Nakamura and Steinsson (2008).

For the interest rate rule, we assume a price stability target, π̄ = 1, as well asϕ = 1.5, a conventional

value that satisfies the Taylor principle for local determinacy.

We maintain the same stochastic processes for the shocks as in Sections 2.4 and 2.5, which re-

quire values forqψ andqω. For the case of a confidence driven liquidity trap, we setqψ = 0.70 such

that the expected duration is between 3 and 4 quarters. This in in line with Gust et al. (2012), who

document average expectations of 3 to 4 quarters of near zeroshort term interest rates in 2009Q1

and 2010Q2 based on Eurodollar contracts as well as professional forecasts. For the liquidity trap

caused by the discount factor shock, the model forces us to set a lower value ofqω = 0.4, implying

an expected duration of under two quarters. As explained earlier, this lower value is needed to ensure

existence of an equilibrium with a binding ZLB driven only byfundamentals.9 We setω = 0.9727

9To ensure existence of an equilibrium with a binding ZLB, values forqω higher than 0.5 are not possible unless we
make substantial changes to other parameter values. For instance, increasing the degree of nominal rigiditiesξ flattens
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such that the initial drop in output is the same for both typesof liquidity traps. The implied natural

interest rate in a fundamental liquidity trap is -0.4%. Finally, we assume that in the long run the tax

rate isτ = 0.20 and that spendingg is 20% of output, values that are similar to US postwar averages.

The short run changes in the fiscal instruments are detailed later.

The equilibrium paths are obtained from numerical approximations of the functions in (24)-(25)

for the case of a confidence shock, and in (30)-(31) for the case of a discount factor shock.10 The

approximation in each case is done by a piecewise linear function on a grid forv of 100 points for

each of the two discrete states. Solutions are obtained by time iteration of a recursive formulation

of the equilibrium system in (23)-(25). As discussed above,in the case of (24)-(25) there are two

solutions given the stochastic process forψt : One describes the sunspot solution, the other describes

the intended equilibrium. For an appropriate initial guessof the solution functions, the time iteration

algorithm converges to the sunspot solution.

3.2 Dynamics with Constant Fiscal Policies

We first establish the baseline scenarios in which tax rates and spending remain constant. As the

initial condition for the dispersion of prices we setv−1 = 1. Time starts in period 0 and the economy

remains at the ZLB until a stochastic dateT at which the economy exogenously switches to a path

towards the intended deterministic steady state.

The blue lines in Figure 3 depict the dynamics of output, price dispersion and the annualized levels

of inflation and the nominal interest rate in an expectationsdriven liquidity trap. At time 0 pessimism

prevails and the economy settles on a short run path towards(uP,vP). Output is about 1.6% below

theASschedule and therefore permits higher values forqω.

10Many papers in the literature instead rely on log-linear approximations. Notable exceptions include Wolman (1998),
Judd, Maliar and Maliar (2012), Fernandez-Villaverde et al. (2012), Braun et al. (2012), Aruoba and Schorfheide (2013).
Several of these papers document the dangers of relying on linear approximations to study liquidity trap dynamics.
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the long run level, the nominal interest rate is zero, pricesfall by almost 9% at annual rates and

become dispersed, real interest rates exceed the natural rate of 4% by about 2.5%. As the economy

approaches(uP,vP), output and inflation recover modestly. At dateT, which we set equal to five

in the figure, agents become optimistic and there is an immediate recovery: Output jumps to values

close to the long run level, deflation turns to inflation, the nominal interest becomes positive, real

rates fall and prices gradually become less dispersed. In the long run, the economy converges to the

intended steady state.

The blue lines in Figure in 4 show the dynamics for a liquiditytrap driven by the discount fac-

tor shock. At time 0, household preferences for future consumption are relatively high and the

economy settles on a short run path towards(uL,vL). Because of our choice ofω, output is again

about 1.6% below the long run level. The nominal interest rate is zero, prices fall by more than 5%

and become dispersed, and the real interest rate exceeds thenatural rate of -0.4% by about 2.5%. At

dateT agents’ intertemporal preferences change exogenously, the natural rate rises to 4% and there

is an immediate recovery with gradual convergence to the intended steady state.

The dynamics of the key macroeconomic variables in the two types of liquidity traps are very similar:

Economic activity is depressed and there is strong deflation. Because of the difference in expected

duration, prices fall more in an expectations driven liquidity trap. By reducing the difference be-

tweenqψ and qω, the model can generate near-observationally equivalent outcomes for nominal

interest rates, inflation and output. On the other hand, Figures 3 and 4 show a qualitative difference

in the behavior of real interest rates at the ZLB. Equilibrium adjustment in both scenarios requires

real interest rates that exceed the natural interest rate. Because the natural rate is by assumption

temporarily negative in a fundamental liquidity trap, realinterest rates in Figure 4 remain subdued

at the ZLB and rise in the recovery. In a confidence driven trapwithout exogenous changes to the

natural rate, real interest rates are instead high at the ZLBand fall in the recovery. However, this
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qualitative difference in the real interest rate adjustment between the two liquidity trap scenarios

derives from the particular assumptions on preferences andtechnology in the basic model. Section

3.5 below considers an extended model that instead featureslower real interest rates also in a con-

fidence driven trap. Thus, in practice it may be difficult to distinguish a confidence driven from a

fundamental liquidity trap based only on data on inflation, output and interest rates.

3.3 The Effect of Spending Stimulus

We first examine the effect of an increase in government spending by assuming that, for as long as

the ZLB is binding,gt is temporarily increased from 20% to 22% of the long run output level. We

also assume that increased spending does not affect the duration of the low confidence state, i.e. that

qψ is invariant to the policy intervention. The red lines in Figures 3 and 4 depict the equilibrium

paths with increased spending in a liquidity trap.

In an expectations driven liquidity trap (Figure 3), highergovernment spending leads only to a

modest increase in economic activity and output remains more than 1.5% below the long run level,

compared to 1.6% whengt remains constant. Higher spending also leads to more deflation and price

dispersion as well as higher real interest rates. In contrast, an increase in government spending of

the same size in a fundamental liquidity trap (Figure 4) significantly mitigates the downturn. Output

is now only 1% below its long run level, and the spending stimulus instead reduces deflation and

real interest rates. Even though without fiscal policy intervention both shocks yield very similar out-

comes, the effects of the policy intervention differ significantly: A spending increase has significant

expansionary effects if the ZLB is caused by a discount factor shock, but only minor expansionary

effects if the ZLB is caused by low confidence.

The different effects of changes in government spending at the ZLB is not simply a feature of our

calibration. Figure 5 reports marginal government spending multipliers for a wide range of parame-
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ter values. These marginal multipliers measure the change in output that results from an infinitesimal

increase in government spending, as a ratio of that change. Letting (yt)
∞
t=0 denote the output path

with constant spendinggt = g, and(yt (δ))∞
t=0 the path whengt = g+δ for as long as the ZLB binds,

the marginal spending multiplier is

lim
δ→0

yt (δ)−yt

δ
. (34)

As transitional dynamics are relatively unimportant, the blue lines in Figure 5 report only the mul-

tipliers in a neighborhood of the points to which the economyconverges while the ZLB is binding,

i.e. (vP,uP) for a confidence shock and(vL,uL) for a discount factor shock. The parameter range is

determined by the requirement that there exists an equilibrium with a binding ZLB.11 For compari-

son, Figure 5 also depicts in red the ‘standard’ multipliersin a neighborhood of the long run steady

state(vI ,uI), where nominal interest rates are positive. In this case there is no confidence (discount

factor) shock, butgt ∈ (g,g+δ) is a two-state discrete Markov chain with the same transition prob-

abilities as the confidence (discount factor) shock.

The right column in Figure 5 shows that government spending always becomes less effective as

a stabilization tool in a liquidity trap recession driven bypessimism. The output effects of spending

increases in an expectations driven liquidity trap are always smaller than those of equally persis-

tent increases in an environment with positive nominal interest rates. For the benchmark parameter

values, the ZLB multiplier is less than 0.2 compared to about0.6 outside of the ZLB. Except for

confidence shocks with very short expected durations (lowqψ), government spending remains ex-

pansionary at the ZLB. However, the lower multipliers mean that larger spending increases are

required to generate a significant impact on economic activity when nominal interest rates are zero.

The left column in Figure 5 shows that government spending instead becomes more effective in a

fundamental liquidity trap. The ZLB spending multipliers are in this case always larger than those

associated with equally persistent spending changes away from the ZLB. In the benchmark cali-

11To expand the feasible range in the case of a discount factor shock, we loweredω to 0.965 in Figures 5 and 6.
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bration, the ZLB multiplier under a discount factor shock isaround 1.5, which is similar to the

assumptions made by Romer and Bernstein (2009) and more thantwice as large as the multiplier

when interest rates are positive. For some parameter valuesthe ZLB multipliers exceed two or more,

which means that relatively small expansions in governmentpurchases can have very sizeable effects

on economic activity. That spending multipliers can be large when the ZLB binds after a discount

factor shock was shown before by Eggertson (2011) and Christiano et al. (2011).

The output effect of spending changes depends critically onthe inflationary effects of the fiscal

intervention as well as the monetary policy response. When nominal interest rates are positive,

monetary policy responds to the inflationary effects of a fiscal stimulus by raising nominal interest

rates more than proportionally in accordance with the Taylor rule. The resulting increase in real

interest rates crowds out private consumption and multipliers are usually less than one, as is the case

in Figure 5.12 In the case of a fundamental liquidity trap, increased spending is always inflationary

and since the nominal interest rate remains at zero, real interest rates decrease and private consump-

tion is crowded in. Multipliers are lower when the ZLB is caused by the confidence shock because

increased spending instead is deflationary in equilibrium.Spending stimulus at the ZLB then leads

to higher real interest rates and crowds out private consumption.

To better understand why the policy effects are so different, Figure 7 shows the impact of increased

spending on theAS/EE curves that determine where the economy converges to in the short run. The

curves are based on numerical evaluations under the benchmark calibration. For an expectations

driven liquidity trap (left panel), these curves are now defined by (28)-(29) and

(y−g−δ)−σ = β
[
max

(
π̄
β

(π
π̄

)ϕ
,1

)][
qψ

π
(y−g−δ)−σ +

1−qψ

πO(v)
(yO(v)−g)−σ

]
, (35)

p∗ =

(
1−qψβξπη−1

)
(
1−qψβξπη

)
(

Λ(v)
θ

1− τ
(1−vy)−κ (y−g−δ)σ +(1−Λ(v))πO(v)p

∗
O(v)

)
,(36)

12See Woodford (2011) for a careful analysis of the determinants of the spending multiplier in models with nominal
rigidities.
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whereδ is the short run increase in spending andg andτ are the long run spending and tax levels.

For the fundamental liquidity trap (right panel), the curves are similarly defined by (28)-(29) and

(y−g−δ)−σ = β
[
max

(
π̄
β

(π
π̄

)ϕ
,1

)][
qω

π
(y−g−δ)−σ +

1
ω

1−qω

πH(v)
(yH(v)−g)−σ

]
, (37)

p∗ =

(
1−qωβξπη−1

)

(1−qωβξπη)

(
Γ(v)

θ
1− τ

(1−vy)−κ (y−g−δ)σ +(1−Γ(v))πH(v)p
∗
H(v)

)
.(38)

The full lines in Figure 7 are the curves defining(yP,πP) and(yL,πL) for the case where there is

no short run increase in spending,δ = 0. The curves with broken lines define the new convergence

points(y′P,π′
P) and(y′L,π′

L) whenδ > 0 and spending is increased in the short run. The stimulus is

identical in both panels and equals 2% of the long run output level.13

Higher government spending implies that total demand for final goods is higher and theEE curve

shifts to the right. Higher government spending also has a positive wealth effect on labor supply

which shifts theAScurve to the right. As explained earlier, in a confidence driven liquidity trap (left

panel) theEE curve is positively sloped but less steep than theAScurve: The relatively high ex-

pected duration of the state of low confidence means that price setters are more inclined to respond to

increased public demand by adjusting prices. But the high expected duration also means that lower

deflation strongly encourages private consumption. As a result, excess demand for the final good is

increasing in inflation. Absent the wealth effect on labor supply, an increase in public demand leads

to a drop in inflation which increases real interest rates anddiscourages private consumption. The

positive wealth effect on labor supply is what ultimately makes the stimulus expansionary, but the

deflationary effect of the demand stimulus in equilibrium limits the output expansion.

In a fundamental liquidity trap (right panel), excess demand instead depends negatively on infla-

tion because theEE curve is steeper than theAScurve. Since an increase in public spending leads

13The transitional dynamics associated with this policy experiment are shown in Figures 3 and 4.
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to higher inflation and crowds in private consumption, demand policies can in this case become very

expansionary. Thus, the size of the spending multiplier at the ZLB depends on whether additional

public sector spending is inflationary or deflationary, which in turn depends on the expected duration

and the source of the liquidity trap.

3.4 The Effect of A Tax Cut

Next we examine the output effects of a temporary cut in the marginal labor tax rate. We now as-

sume that government spending remains constant while the labor taxτt is temporarily lowered from

0.20 to 0.19 for as long as the ZLB is binding. As before, by assumption the policy change does

not affect the duration of the state of low confidence. The black lines in Figures 3 and 4 depict the

equilibrium paths when the tax rate is cut by one percentage point in a liquidity trap.

In an expectations driven liquidity trap (Figure 3), the taxcut mitigates the downturn considerably

and the output drop is limited to about 0.9%, compared to 1.6%when the tax rate is constant. The

tax stimulus also reduces deflation and real interest rates.In sharp contrast, an identical decrease in

the labor tax rate in a fundamental liquidity trap (Figure 4)worsens the recession. Output is now

more than 2% below its long run level and the temporary reduction in the tax rate leads to more

deflation and higher real interest rates. Again, there is a large difference in policy outcomes: Tax

cuts have very large expansionary effects if the ZLB is caused by a confidence shock, whereas the

same tax cut is contractionary if the liquidity trap is caused by a discount factor shock.

These differences in the effects of tax changes at the ZLB arealso robust. Figure 6 reports, for

a wide range of parameters, marginal tax multipliers measuring the percentage change in output that

results from an infinitesimal decrease in tax rate, as a ratioof the change. If(yt)
∞
t=0 is the output

path with constant tax ratesτt = τ, and(yt (δ))∞
t=0 is the output path whenτt = τ−δ for as long as
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the ZLB binds, then the marginal tax multiplier is computed as

lim
δ→0

yt(δ)−yt

ytδ
. (39)

Blue lines in Figure 6 are the multipliers in a neighborhood of the short run convergence points and

red lines are the ‘standard’ multipliers in a neighborhood of the long run steady state. In the latter

case,τt ∈ (τ,τ−δ) is a two-state discrete Markov chain with the same transition probabilities as the

confidence (resp. discount factor) shock.

The right column in Figure 6 shows that cutting taxes consistently becomes more effective as a

stabilization tool in an expectations driven liquidity trap recession. The ZLB tax multipliers are

always larger compared to an environment where nominal interest rates are positive. In the bench-

mark parameter calibration, the ZLB tax multiplier is about0.8, more than twice as large as when

the ZLB does not bind.14 The left column in Figure 6 shows that cutting taxes in a fundamental

liquidity trap instead always becomes contractionary at the ZLB. For the benchmark calibration, the

ZLB multiplier is -0.5 compared to around 0.3 otherwise. Forsome parameter values the ZLB tax

multipliers are very negative. In a liquidity trap recession caused by a discount factor shock, stim-

ulating economic activity therefore requires higher marginal tax rates, which was shown previously

by Eggertson and Woodford (2004) and Eggertson (2011).

As with spending changes, the output effect of a tax change depends importantly on the inflationary

effect and the monetary policy response. The increase in theafter-tax real wage following a tax cut

leads to an increase in labor supply and lowers the marginal cost of production. Price setters respond

with lower prices. When nominal interest rates are positive, monetary policy accommodates the ef-

14A referee pointed out that the model tax multipliers out of the ZLB appear small compared to recent estimates, e.g.
Mertens and Ravn (2013). We have verified however that a modelwith capital accumulation and an income tax produces
dollar multipliers in line with the evidence. Results are available on request.
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fects of the tax cut by reducing nominal interest rates in response to lower inflation. The real interest

rate decreases, which crowds in private consumption and leads to an output expansion. When the

nominal interest rate remains at zero, the deflationary effect of the tax cut raises real interest rates

and crowds out private consumption. Tax cuts in a confidence driven liquidity trap instead lead to

output expansions because they are inflationary and encourage private consumption in equilibrium.

Figure 8 depicts the impact of a one percentage point labor tax cut on theAS/EE curves, which

are analogous to (35)-(38) but now with constant spending and allowing for short run changes in

the tax rate.15 In both the expectations (left panel) and fundamental (right panel) liquidity trap, the

reduction in the marginal labor tax rate leads to an outward shift of theAScurve. Without a change

in inflation, there is excess supply in the economy. In the case of a confidence shock with high

expected duration, price setters are more willing to lower prices to draw in additional demand but

deflation strongly discourages consumption. Since excess supply is decreasing in inflation, cutting

taxes has inflationary effects and is expansionary. In a fundamental liquidity trap, excess supply

instead is increasing in inflation, tax cuts are deflationaryin equilibrium and the tax multiplier is

negative. Therefore, the sign of the tax multiplier at the ZLB depends on the shock that drives the

economy into a liquidity trap.

3.5 More Realistic Real Interest Rate Adjustments

One key concern with the dynamics in Figures 3 and 4 is that theamount of deflation predicted

in equilibrium appears excessive given the US data.16 The absence of more significant disinflation

or deflation in the current US recession is a general challenge for New Keynesian models, see for

instance Hall (2013) or Coibion and Gorodnichenko (2013). However, in the basic model strong

15Transitional dynamics resulting from this policy experiment are depicted in Figures 3 and 4.

16Inflation rates, as measured for instance by the annual change in the PCE price index, declined abruptly during late
2008 from between 3 and 4 percent in mid 2008, to below 1 percent at the end of 2008, and to -1 percent by mid 2009.
Since then, inflation rates have ranged between 1 and 3 percent.
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deflation and a large rise in real interest rates seem particulary important features of an expectations

driven liquidity trap. The fact that US real interest rates are currently at relatively low levels sug-

gests a decline in the natural rate, which appears to favor the scenario of a liquidity trap driven by

fundamentals and the associated large spending but negative tax multipliers. We now consider an

extended model in which the real interest rate decreases also in an expectations driven liquidity trap

but the effects of fiscal policies are qualitatively the sameas before.

A key mechanism in the basic model is that households’ desired savings increase as higher real

interest rates fuel intertemporal substitution. But low confidence may also induce downward pres-

sures on real interest rates through other channels. For instance, in a temporary liquidity trap nominal

bonds provide insurance: real payoffs increase precisely when the marginal utility of consumption

is high, and vice versa in a recovery. These risk hedging properties of nominal bonds provide an

additional incentive for households to save and imply that bond yields reflect a risk discount. In the

benchmark model with traditional time separable preferences, this effect is very small. However, it

is well known that traditional preferences produce risk premia that are far too small and stable com-

pared to observed asset prices. To successfully account forthe behavior of bond premia in the New

Keynesian model, Rudebusch and Swanson (2012) consider Epstein and Zin (1989) preferences. In

similar vein, we replace (1) and define preferences recursively as

Vt = ωt

(
c1−σ

t −1
1−σ

+θ
l1−κ
t −1
1−κ

+ν
g1−µ

t −1
1−µ

)
−β
(
Et(−Vt+1)

1−χ) 1
1−χ . (40)

The households’ Euler condition now changes to

c−σ
t = β(1+ it)Et

[
dt+1

ωt+1

ωt

Pt

Pt+1
c−σ

t+1

]
. (41)
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wheredt+1 =

((
Et(−Vt+1)

1−χ) 1
1−χ /Vt+1

)χ
. The preferences in (40) decouple the elasticity of in-

tertemporal substitution and the degree of risk aversion. The latter is determined byχ with lower

values corresponding to greater risk aversion. Governmentpurchasesgt also enter (40) to avoid that

higher government spending has unappealing direct negative effects on household utility.17

On the firms’ side, we generalize the production function in (8) to

yit = nα
it . (42)

Allowing diminishing returns to labor 0< α < 1 reduces the slope of the AS curve for a given value

of ξ for well known reasons of strategic complementarity in price setting, see Woodford (2003).18

Finally, the Taylor rule in (15) is modified to

1+ it = max

(
π̄
β

(πt

π̄

)ϕ
(

yt

yI

)ϕy

,1

)
. (43)

The new rule now includes output to ensure a binding ZLB also for much milder rates of deflation.

The new parameters areχ, ν, µ, α andϕy. We setµ= 1, α = 2/3, ϕy = 0.75 andν = 0.25 such

17In the basic model of Section 2, corresponding toχ = 0, addinggt in additively separable fashion is completely
irrelevant for equilibrium dynamics. However, this is not true whenχ 6= 0, because changes in the households’ value
function are directly important for savings-consumption decisions, see (41).

18Equations (12) and (13) are modified to, respectivelyyt = nα
t /vt andvt =

(
ξπη/α

t v1/α
t−1 +(1− ξ)(p∗t )

−η/α
)α

. The

equilibrium price setting condition, formulated recursively, becomes

(p∗t )
1+η(1−α)/α = St/Ft ,

St = ωt
θ(1− (vtyt)

1/α)−κy(1−α)/α
t

(1− τt)α
+βξEt

[
πη/α

t+1dt+1St+1

]
,

Ft = ωt(yt −gt)
−σ +βξEt

[
πη−1

t+1 dt+1Ft+1

]
.
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that a 20% share of public goods in total spending is optimal in the intended steady state. Finally,

we setχ = −100 implying a large degree of risk aversion, which Rudebusch and Swanson (2012)

show is required to explain the observed behavior of bond premia in the US. We pickω = 0.9653

andqψ = 0.89 to generate output drops that are the same size as in Figures 3 and 4 for an easier

comparison. All the other parameters are the same as in Section 3.1.

Figures 9 and 10 show the dynamics in both types of liquidity traps in the extended model. The

combination of high risk aversion preferences and diminishing returns to labor considerably reduce

the amount of deflation in a liquidity trap: The same output drops as in Figures 3 and 4 are now asso-

ciated with prices falling at a rate of 3.5% (compared to 9% inFigure 3) in the case of a confidence

shock, and at a rate of 1.2% (compared to 5% in Figure 4) in the case of a discount factor shock.

Importantly, Figure 9 shows that in contrast to the basic model, the real interest rate falls also in

the expectations driven liquidity trap because of a large increase in demand for bonds for insurance

purposes. As before, an increase in government spending hassmall output effects in the expecta-

tions driven liquidity trap but tax cuts are strongly expansionary. The spending stimulus is instead

very effective in the fundamentals driven liquidity trap whereas tax cuts are again contractionary.

Thus, while the extended model can generate more realistic adjustments in real interest rates, the

main conclusions regarding the effectiveness of fiscal stimuli at the ZLB remain the same as in the

simpler model.

3.6 Discussion

Our analysis shows that conclusions about the effectiveness of fiscal instruments at the ZLB de-

pend generally on the nature of the liquidity trap and on its expected duration. Because the ZLB

constraint generates multiple equilibria, the outcome of policy interventions can be very different
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in more persistent expectations driven liquidity traps.19 Our choice of stochastic processes for the

shocks makes the contrast between a fundamental and expectations driven liquidity trap particularly

stark by imposing that the expected duration of the liquidity trap is unaffected by fiscal interventions.

In practice, policy changes may also have direct effects on consumer confidence and on expectations.

Equilibria selected by more complicated sunspot processescan capture these effects and generate

spending and tax multipliers that are either smaller or larger. Sufficiently large fiscal policy inter-

ventions may more generally affect the duration of a liquidity trap, as in for instance Erceg and

Lindé (2010), or even avoid equilibria with a binding ZLB altogether. Our analysis abstracts from

these possibilities. Nonetheless, since confidence and fundamental shocks initially can produce very

similar output and inflation dynamics in a liquidity trap, designing the appropriate fiscal response is

generally challenging without a deeper understanding of the nature of the underlying shocks.

Unfortunately, empirical evidence that helps discriminate between fundamental and non-fundamental

liquidity traps so far is scarce. Almunia et al. (2010) find large multipliers associated with US de-

fense spending in the 1930s. Ramey (2011) instead finds no evidence that the multiplier was larger

during 1939-1949 when interest rates where near zero. Brückner and Taludhar (2011) exploit cross-

regional differences in Japan to estimate the effectiveness of fiscal policies during the 1990s. They

find that government spending did not have multiplier effects that are on average larger than one

and that government personnel expenditures had significantnegative output effects. Aruoba and

Schorfheide (2013) estimate a medium-scale model using pre-2008 US data and, allowing for both

discount factor and confidence shocks, extract the model-implied shocks during 2000-2012. De-

pending on the inflation measure used, they find that confidence shocks are relatively important to

account for the Great Recession and can explain the limited expansionary effects of the American

Recovery and Reinvestment Act. Wieland (2012) empiricallyrejects the prediction of the discount

19This is also true for other types of policy interventions, such as forward guidance about future deviations from the
Taylor rule. Results are available on request.
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factor shock model that negative supply shocks, such as labor tax increases, are expansionary at the

ZLB. Gust et al. (2012) argue that an estimated model can account reasonably well for key features

of US data up to 2011 by only allowing for fundamental shocks.However, by not allowing for con-

fidence shocks, their model relies on an increasingly unlikely sequence of large fundamental shocks

to explain the long duration of the ZLB episode in the US.

4 Learning, Liquidity Traps and Fiscal Multipliers

One possible objection to the possibility of expectations driven fluctuations is that their existence too

strongly depends on the assumption of rational expectations. When there are multiple equilibria and

the impact of policy changes is uncertain, some have argued for dismissing equilibria that yield un-

stable dynamics under alternative assumptions about the formation of expectations, see for instance

McCallum (2003). On these grounds, Christiano and Eichenbaum (2012) argue that the uncertainty

surrounding the effects of fiscal interventions in a liquidity trap can perhaps be dismissed. In this

section we discuss the stability of the confidence shock equilibria under learning and verify that

our results on the effects spending and tax policies are robust to reasonable deviations from rational

expectations.

4.1 A Linearized Model

To facilitate the analysis, we linearize the equilibrium conditions preserving only the ZLB non-

linearity. Linearizing (18)-(21) around the intended steady state and assuming thatσ = 1, π̄ = 1 and

that there are no discount factor shocks, yields

ŷt −sgĝt = ŷe
t+1−sgĝe

t+1− (1−sg)

(
β
(

max

(
r +

φπ̂t

β
,0

)
− r

)
− π̂e

t+1

)
, (44)

π̂t =
(1−βξ)(1−ξ)

ξ

((
κyI

1−yI
+

1
1−sg

)
ŷt −

sg

1−sg
ĝt +

τt − τ
1− τ

)
+βπ̂e

t+1 , (45)
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where hatted variables are in deviation of the intended steady state value,r = 1/β−1 is the steady

state real interest rate andsg = g/yI . The notationxe
t+1 denotes the periodt expectation ofxt+1. The

linearization eliminates all transitional dynamics and the sunspot equilibrium conditions in (26)-(29)

become

ŷ = qψ(ŷ+ π̂)+βr −βmax

(
r +

φπ̂
β
,0

)
(46)

π̂ = ρŷ+βqψπ̂ (47)

whereρ =
(1−βξ)(1−ξ)

ξ

(
κyI

1−yI
+1
)
> 0. For anyqψ ∈ (q∗,1] this system has a solution given by

π̂P =−
1−β

∆
< 0 , ŷP =−

(1−βqψ)(1−β)
ρ∆

< 0 , (48)

where∆ = qψ −
(
1−qψ

) 1−βqψ
ρ < 1. For the ZLB to bind, it is required that 0< ∆ < φ. Since

φ > 1 and∆ < 1 the second inequality is redundant and the critical valueq∗ is the smallest root of

q∗− (1−q∗) 1−βq∗

ρ = 0. As in the non-linear model,(ŷP, π̂P) corresponds to an intersection of the

now linearAS/EE schedules in (46) and (47) that lies to the southwest of the intended steady state.

The condition∆ > 0 imposes a sufficiently high expected duration and is equivalent to the condition

on the slopes of theAS/EE curves discussed before. Thus, the expectation driven liquidity traps in

the non-linear model are also present in the linearized system.

4.2 Fiscal Multipliers with Adaptive Expectations

Now suppose that expectations are not strictly rational. Specifically, assume that agents perfectly

know the long run state but make small expectational errors in the short run. Output and inflation in
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the short run must be consistent with

ŷt = qψ(ŷ
e|P
t+1+ π̂e|P

t+1)+βr −βmax

(
r +

φπ̂t

β
,0

)
, (49)

π̂t = ρŷt +βqψπ̂e|P
t+1 . (50)

wherexe|P
t+1 now denotes the expectation conditional on stateψP.

Rational expectations solutions to systems as (49)-(50) are sometimes judged by their ‘learnability’.

A common criterion in this regard is the expectational (E-) stability of the underlying system of

expectational difference equations. This is because E-stability is closely related to dynamic stability

under simple recursive learning schemes, such a least squares or (small) constant gain learning.20

For (49)-(50), the E-stability condition around(ŷP, π̂P) is that the eigenvalues of

qψ




1 1

ρ ρ+β


 (51)

are less then one in absolute value. The largest eigenvalue is given byqψ/q∗ and sinceqψ ∈ (q∗,1],

the sunspot equilibria are never E-stable. In contrast, theE-stability condition in a small neigh-

borhood of the intended steady state is the Taylor principle: φ > 1.21 The fact that the rational

expectations solution(ŷP, π̂P) is not E-stable means that under certain learning schemes, the slight-

est expectational errors imply that output and inflation diverge away from(ŷP, π̂P). Depending on

the errors made, output and inflation either converge towards the E-stable intended steady state or

do not converge at all.

20See Marcet and Sargent (1989) and Evans and Honkapohja (2001). E-stability has been used to evaluate policy
rules, e.g. Bullard and Mitra (2002) and for selecting amongmultiple RE equilibria, e.g. McCallum (2003)

21These findings are closely related to Bullard and Mitra (2002). Evans and Honkapohja (2005) and Evans, Guse and
Honkapohja (2008) show that the permanent liquidity traps of Benhabib et al. (2001a,b) (i.e. the case whereqψ → 1)
are not E-stable.
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Christiano and Eichenbaum (2012) use E-stability results to argue that non-fundamental liquidity

traps should perhaps be viewed as curiosities. However, as shown by Evans, Guse and Honkapohja

(2008), the presence of the permanent liquidity trap rational expectations equilibria of Benhabib et

al. (2001a,b) can have profound implications for output andinflation dynamics even with recursive

learning. This is also true for the case of temporary liquidity traps. Consider the following constant

gains learning rules:

π̂e|P
t+1 = π̂e|P

t + γ
(

π̂t−1− π̂e|P
t

)
, (52)

ŷe|P
t+1 = ŷe|P

t + γ
(

ŷt−1− ŷe|P
t

)
, (53)

where 0< γ < 1 is a gain parameter and̂π−1, ŷ−1, π̂
e|P
0 and ŷe|P

0 are given. In our setting, constant

gains learning is identical to classical adaptive expectations. The dynamics under learning are given

by a sequence of temporal equilibria determined by (49)-(50), the learning rules (52)-(53), and the

following initializations:

ŷe|P
0 = ŷP(1+ εy) , π̂e|P

0 = π̂P(1+ επ) , π̂−1 = ŷ−1 = 0 (54)

whereεπ andεy are initial expectational errors.

Figure 11 illustrates the expectational dynamics under learning based on the benchmark calibra-

tion as well as settingγ = 0.10.22 The figure also shows trajectories for three different initializations

of expectations in the neighborhood of(ŷP, π̂P) (blue circle). All three trajectories converge asymp-

totically to the intended steady state outcome (red circle). The left panel depicts the case with a

ZLB constraint (blue when it is binding, red when not). For comparison, the right panel shows

22The figure is based on the model that includes (constant) fiscal policies using the parameter values described in
Section 3. Our value forγ is conservative as the learning literature typically assumes lower values, e.g. Evans et
al. (2008) assumeγ = 1/30 while Eusepi and Preston (2011) calibrateγ = 0.002 based on data from the Survey of
Professional Forecasters.
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the dynamics for the same initial conditions but permittingnegative nominal rates. The dynamics

around(ŷP, π̂P) are saddle path stable, whereas the dynamics around the intended steady state follow

a stable spiral. The existence of(ŷP, π̂P) due to the ZLB has important effects on the dynamics with

adaptive expectations. Expectations converge only very slowly to the intended steady state and can

initially even be attracted to(ŷP, π̂P). In our calibration, it takes approximately 100 quarters before

learning dynamics lead to an endogenous exit from the ZLB. Given that the low confidence state

has an expected duration of less than 4 quarters, the unstable transitional learning dynamics are not

very relevant in the short run. With no ZLB but the same initializations, expectations spiral towards

the intended steady state much faster. As Evans et al. (2008), we conclude that the potential for

destabilizing expectational shocks remains present with learning dynamics.

We can also examine the impact of fiscal policies when agents have adaptive expectations. Fig-

ure 12 depicts standard and ZLB spending and tax multipliersboth in case of rational and adaptive

expectations for an example trajectory withεy = επ = −0.03. More precisely, we first fix initial

expectation errors(εy,επ), and compute the output path conditional on agents being pessimistic and

for a constant level of government spending and taxes. Next,for the same initial expectation errors,

we compute the output path when short run spending (tax rates) are marginally higher (lower). We

then compute multipliers as in Section 3.

By construction, the rational expectations multipliers atthe intended steady state in the linearized

model are identical to those of the non-linear model (squares in the left columns in Figure 5 and 6).

The multipliers in the rational expectations liquidity trap are quantitatively different from the non-

linear model because of the linearization. But as in the non-linear model, the rational expectations

spending multiplier is much smaller at the ZLB, whereas the tax multiplier is larger. The multipliers

under adaptive expectations change over time because of transitional learning dynamics. Initially the

multipliers are in a neighborhood of those that occur in the liquidity trap with rational expectations.
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As agents update expectations, the multipliers under learning diverge slowly from their rational ex-

pectations liquidity trap values and when nominal interestrates become positive (around the 100th

quarter after the initial shock), the multipliers jump discretely to a neighborhood of their values at

the intended steady state. In the long run the multipliers converge to the standard (intended steady

state) rational expectations values.

Hence, our conclusions about fiscal multipliers hold true for local deviations of rational expec-

tations: When the liquidity trap is generated by an expectational shock, spending multipliers are

smaller than in normal times while the opposite is true for tax multipliers. The main new insight

from the introduction of learning is that as long as pessimism persists the economy may eventually

endogenously exit a liquidity trap induced by an expectational shock. However, the learning process

is very slow. For time horizons that are relevant given the transitory nature of agents’ pessimism,

our conclusions based on rational expectations remain intact.

5 Conclusions and Future Extensions

As the US and many European countries enter a fifth year of nearzero short term nominal interest

rates, the effects of the 2008 global financial crisis are proving to be very persistent. We have shown

that when a liquidity trap is caused by a long-lasting state of low consumer confidence, a government

spending stimulus has deflationary effects and becomes relatively ineffective at the ZLB. In contrast,

cuts in marginal labor tax rates are inflationary and generate much larger expansionary effects than

when interest rates are positive. These results flat out contradict widely held views of the effects of

fiscal policies in a liquidity trap as well as recent conclusions drawn from macroeconomic models

with nominal rigidities. The key policy implication of our analysis is that in the current macroeco-

nomic environment, the design of fiscal stimulus or austerity packages should be more considerate

of the reasons for the continued economic weakness.
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Our analysis can be extended in several ways. First, an important assumption we made is that

the duration of the state of low confidence is not changed by the fiscal intervention. Policy changes

may in practice have direct effects on consumer confidence that can affect fiscal multipliers. Bach-

mann and Sims (2012) provide some evidence for such confidence effects of government spending

in recessions and more complicated sunspot processes can capture these in the model. Second, our

analysis can be repeated in larger models that capture more features of real economies. Several

larger scale studies, e.g. Cogan et al. (2010), Erceg and Lindé (2010), Drautzburg and Uhlig (2011)

and Coenen et al. (2012), discuss many factors that determine fiscal multipliers in a fundamental

liquidity trap, such as the financing or timing of the fiscal stimulus. Similarly, Fernandez-Villaverde

et al. (2012) show that long run supply stimuli remain expansionary in a fundamental liquidity trap.

All of these factors are also relevant in an expectations driven liquidity trap. The potential for con-

fidence driven liquidity traps remains present also in larger models with richer specifications for the

interest rate rule or the confidence process, see for instance Schmitt-Grohé and Uribe (2012) and

Aruoba and Schorfheide (2013). In Mertens and Ravn (2011a,b) we extend the model to incorporate

housing and financial constraints.

Finally, our analysis can be extended to include additionalor more sophisticated government poli-

cies. A growing literature considers alternative policy instruments or more generally optimal policy

responses in a fundamental liquidity trap, e.g. Reifschneider and Williams (2000), Eggertsson and

Woodford (2003), Coenen, Orphanides and Wieland (2004), Adam and Billi (2006) or Werning

(2011). Another important question is which policies can eliminate unintended equilibrium out-

comes. Benhabib et al. (2002) propose monetary and fiscal policies that violate the households’

transversality conditions along candidate deflationary equilibrium paths. Atkeson, Chari and Kehoe

(2010) describe sophisticated monetary policies that implement the intended equilibrium uniquely

in a linear model by switching to an appropriate monetary growth rule. Correia, Fahri, Nicolini and
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Teles (2012) demonstrate how distortionary taxes can be used to replicate the effects of negative

nominal interest rates and circumvent the zero bound problem. Cochrane (2011) discusses and criti-

cizes various proposals to eliminate indeterminacies. Schmitt-Grohé and Uribe (2012) have recently

proposed interest rate policies that generate an exit from aconfidence driven liquidity trap after it

has occurred. We leave these and other extensions for futurework.
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Figure 1 A Temporary Liquidity Trap Driven by a Confidence Shock
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Figure 2 A Temporary Liquidity Trap Driven by a Discount Factor Shock
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Figure 3 Dynamics in a Liquidity Trap Driven by a Confidence Shock
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Figure 6 Marginal Tax Multipliers. Boxes indicate values in the benchmark calibration.
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Figure 7 A Spending Increase in a Liquidity Trap.
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Figure 8 A Tax Cut in a Liquidity Trap.
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Figure 9 A Liquidity Trap Driven by a Confidence Shock, Epstein-Zin preferences
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Figure 10A Liquidity Trap Driven by a Discount Factor Shock, Epstein-Zin preferences
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ŷ
e|P
t

Expectational Dynamics (ignoring ZLB)

Figure 11Expectational Dynamics with Adaptive Expectations. Circles denote rational expectations
equilibria. Blue indicates the ZLB is binding, red indicates the Taylor rule is active.
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Figure 12 Fiscal Multipliers under Rational and Adaptive Expectations


