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1 Introduction

Aggressive central bank actions during the early parts 2008 financial crisis led many devel-
oped economies into liquidity traps where the zero lowernob(ZLB) on nominal interest rates
constrained conventional monetary policies. In the sefochlternative stabilization tools, some
analysts aired strong views about the appropriate desidisazl interventions in a liquidity trap.
Romer and Bernstein’s (2009) analysis of the American Rexgoand Reinvestment Act questioned
the effectiveness of tax cuts but argued that the governspamtding multiplier is likely to be large
given the Fed’s policy of near zero interest rates. SinyilaHe IMF’s 2012 World Economic Out-
look partially blamed ongoing fiscal consolidations for thmeexpectedly poor growth performance
of many European countries, citing the ZLB as a key reasomfor it underestimated spending
multipliers. In this paper we question these views and shawthe impact and relative effective-
ness of spending and tax policies in a liquidity trap depenpartantly on the underlying reasons

for the crisis.

Our analysis builds on a dynamic rational expectations muadtl nominal rigidities in which
monetary policy follows an interest rate rule that presesilan aggressive response to deviations
of inflation from a target. Such Taylor rules are widely vielas empirically plausible descriptions
of central bank policies in many countries over the last t®wb decades. Taylor rules are also
theoretically appealing because they eliminate many tgpasefficient business cycle fluctuations.
However, these rules do not prevent recessions causedgaeydaonomic shocks that force the ZLB
to bind. These not only include large shocks to fundameiatisbecause the ZLB constraint gen-
erates multiple equilibria, also non-fundamental shookexpectations. We show that fundamental
and expectations driven liquidity trap equilibria haveydifferent implications for the design of

fiscal policies meant to stimulate aggregate activity.



A fundamental liquidity traps may occur when a large ecomoshiock causes sufficient deflation
such that the ZLB on the short term nominal interest rate imesobinding. One example of such a
deflationary shock is a taste shock affecting householdsnerces for current vs. future consump-
tion. When a taste shock leads to an increase in desiredgsavire central bank’s typical reaction
is to cut nominal interest rates and discourage savingsdycing lower real interest rates. How-
ever, if the shock is sufficiently severe and the ZLB conedhe central bank’s response, lower
inflation instead leads to higher real interest rates whiichudate household savings. The outcome
is a liquidity trap in which current output has to fall in orde equilibrate the savings market. A
non-fundamental liquidity trap instead may occur when # ishift an expectations that produces
sufficient deflationary pressures to cause the ZLB to bindafef low confidence in which house-
holds expect a persistent drop in income can lead to a decne&sirrent consumption and higher
desired savings. If the wave of pessimism is sufficientlyeseand the ZLB constrains the central
bank response, higher real interest rates encourage hmdsavings and output must fall to equi-
librate the savings market. The reductions in income cortirerhouseholds’ initial pessimism as a

self-fulfilling equilibrium.

As in many countries post 2008, fundamental and confidengerdliquidity trap crises are both
characterized by nominal interest rates at the ZLB and adplow trend. Indeed, we show that, in
the absence of policy interventions, the two types of ligyittaps can feature near-observationally
equivalent paths of output, interest rates and inflationvéi@r, under the assumption that fiscal or
unconventional monetary policies do not succeed in shimgethe duration of the liquidity trap, the
impact of fiscal interventions is sharply different. In trentidence driven liquidity trap, increasing
government purchases has deflationary effects. Highelinesakst rates and crowding out of pri-
vate consumption limit the expansionary effects of highmregnment spending. A reduction in the
marginal labor tax rate has inflationary effects, reducabkintéerest rates and crowds in private con-

sumption. As a result, tax cuts become more expansionahng &iliB than at positive interest rates.
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In contrast, in a fundamental liquidity trap increased gowgent spending is inflationary and can
have very large expansionary effects, whereas tax cutsediaidnary and become contractionary.
The two different scenarios therefore lead to opposite losians about what fiscal instrument is

more effective at stimulating output at the ZLB.

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

be conditioned on the underlying reasons for the continueakvgrowth performance and on how
policies affect consumer confidence. Because confidenakslvan create an environment that in
the short run is hard to distinguish from one caused by furestaah shocks, the best fiscal policy
response in 2008/2009 may not have been obvious. Howeegpatbsing of time is informative. In

our model, a fundamental liquidity trap only exists wheneixpected duration is sufficiently short
whereas a confidence driven liquidity trap must have a k&Btihigh expected duration. The very
prolonged recent experience with near zero interest ratgstherefore increasingly point to a role

for self-fulfilling expectations that affect the impact aflizy interventions:

Some researchers dismiss expectations driven fluctuati®msere theoretical curiosities because
reasonable deviations from strict rationality often imfiigt non-fundamental rational expectations
equilibria become unstable. Along these lines, Christiam® Eichenbaum (2012) are skeptical of
the uncertainties regarding the impact of fiscal policies liguidity trap that arise because of equi-
librium multiplicity. We extend our analysis to a settingtiwvrecursive learning and find that, when
expectational errors are relatively small, learning dyitanare quantitatively not very important

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

In the US, the federal funds target has been 25 basis poites®since December 2008. The official bank rate in
the UK has been 50 basis points since March 2009. The ECBIs refihancing rate has not exceeded 150 basis points
since March 2009. In Japan short term nominal interest retes been near zero since the autumn of 1995.



Our analysis contributes to a rapidly growing literaturetbe implications of the ZLB for stabi-
lization policies. Fuhrer and Madigan (1997), Wolman (10¥3ugman (1998), and Orphanides
and Wieland (1998, 2000) are among the first to study the ZLdBraonetary policy in an intertem-
poral framework. Our paper is related to Benhabib, Sch@itihé and Uribe (2001a,b), who point
to the ZLB constraint as a source of global indeterminacy @&rduss perfect foresight equilibria
converging to a liquidity trap steady state. Several saiti@ve looked at the quantitative effects of
fiscal interventions in a fundamental liquidity trap, e.gggértsson and Woodford (2004), Cogan,
Cwik, Taylor and Wieland (2010), Eggertson (2011), Woodf{2011), Christiano, Eichenbaum
and Rebelo (2011) and Coenen et al. (2012). Aruoba and 3whdef (2013) evaluate US fiscal
policies during 2008/09 in the context of a non-fundameldgaiidity trap and reach conclusions
very similar to ours. Another strand of the literature repkrational with learning agents and stud-
ies liquidity trap dynamics after expectational shockg, &vans and Honkapohja (2005), Evans,

Guse and Honkapohja (2008) and Benhabib, Evans and Honjea{28112).

The remainder of the paper is structured as follows: Se@ipnesents the model and character-
izes the liquidity traps. Section 3 contains our analysithefimpact of fiscal policy. In Section 4,

we replace rational expectations with recursive learn8egtion 5 concludes.

2 The Model

2.1 Preferences, Technologies and Government Policies

There are four types of agents: A representative housebofdpetitive final good producers; mo-
nopolistically competitive intermediate good firms that geces subject to nominal rigidities; and

a government that is in charge of fiscal and monetary policies



Households A representative and infinitely-lived household with raabexpectations has prefer-

ences
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whereEs (%) denotes the mathematical expectation conditional on fdtimation available at date

s, B € (0,1) is the subjective discount factay, andl; denote consumption of a single final good
and leisure, 10 is the intertemporal elasticity of substitution in consdiop andk determines the
Frisch labor supply elasticityy is an exogenous preference shock following a process todme sp
ified later. As fluctuations iy, affect the household’s intertemporal preferences, werefér to it

as a discount factor shock.

In addition to a finite time endowment normalized to one and&anzi constraint, household

choices are restricted by a sequence of budget constraints:

Bt_ <
l-l-lt -

R+ I-t)W A1) +B1+ T+ VY (2)

wherePR, is the nominal price leveB; are holdings of one-period nominal bongsis the nominal
interest ratet; is a proportional labor income tawy is the nominal wagel; are lump sum govern-
ment transfers or taxes ang are firm profits. Utility maximization yields the first ordeecessary

conditions:

o — (1-Th

@)

@1 R ctfl} - (4)

o _ gaivg @ R
G B(1+it) t[ o P

Condition (3) determines labor supply by equating the nmaigiate of substitution between leisure
and consumption with the after tax real wage. Condition @gtmines consumption and saving

decisions by equating the intertemporal marginal rate bsstution of consumption with the real
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interest rate. Finally, optimality requires the transedétg condition lims ., E; [m] =0.

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

inputs according to

1 1/(1-1/n)
Y = ( / yﬁl/”di) | 5)

wheren > 1 is the elasticity of substitution between intermediafisy;;. Letting P; denote the

price ofyit, cost minimization implies

-n
Yii = (i) Yt (6)

A
1 1/(1-n)
A - ( / Pitl_”di) . 7)

Each intermediate inpwy; is produced by a monopolist using labor inpytaccording to

Yit = Nit - (8)

Monopolists set prices taking into account the demand fanstin (6). However, pricing decisions
are constrained in the standard Calvo fashion: Any giveimogern individual monopolist can
adjust its priceP; only with probability 0< (1— &) < 1. The parametd thus indexes the degree of
nominal rigidities with{ = O corresponding to the case of perfect price flexibilityt kan adjust in
periodt, the monopolist chooses a new prigethat maximizes expected profits, given by

Pt

[o] —I’]
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The monopolist takes as gived s = B°(wx1s/wx) (R/R+s) (Ctys/C) "7, which is the period

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

(9) incorporate a proportional labor subsMin;; /n from the government. This corrective subsidy



ensures that an efficient steady state exists which will ac aseful welfare benchmark in the

analysis belov#. The first order necessary condition for the optimal reseefj is:

Et %Ests[(Pﬁk —Ws)Yit+s] = 0. (10)

Because the price setters’ decision problems are identieatonsider symmetric equilibria where
1
ﬁ

P = P;. Applying the law of large numbers to (7) then yields= (Eal_’1”+(1—z)(a*)1‘”)

such that newly adjusted relative priggs= P /R determine overall inflatiom; = R /R _1 through

(-8 ()t = 1. (11)

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

Yo = /v (12)

Vi = ET[{]thl—l-(l—E)(pEk)in (13)

wheren; = fol nidi is aggregate labor input angd> 1 is the degree of price dispersion across goods
that arises because of the price setting friction. Sinceyew®nopolist has the same technology,
efficiency requires all monopolists charging the same pnieghich case there is no price dispersion
andv; = 1. If there is price dispersion angl > 1, labor is inefficiently allocated across firms and
there is a wedge between total outguand total labor inputy.

Labor market clearing requires

n = 1-—1I. (14)

2We consider a cashless limit economy and ignore any reahbaleffects.



Government Policies The government is in charge of monetary and fiscal policieanéfary

policy is specified by a Taylor rule for the short term nomiiméérest rate:
1+iy = max ﬁ(ﬁ_)q) 1 (15)
B T[ ) )

whereTt > 1 is the inflation target and > ¢ measures the responsiveness of the interest rate to
inflation. The interest rate rule implies (a) that the gresd interest rate is/B when inflation stays

on targetry = 11, and (b) that the nominal interest rate cannot be negatisie thiat the ZLB may be a
binding constraint. We also assume thaxceeds the lower bourjdto guarantee local determinacy

in a neighborhood of the inflation targef

Fiscal policy involves choices of taxes and governmentipasesy; with debtB; evolving as

Bt
1+it

= Bt—l‘l‘Hgt‘i‘Tt-i-V%—TtW(l_lt) (16)
Clearing in the market for the final good requires
Yo = G+0- 17)

We will later make precise assumptions on labor tax ratesnd government purchasgs and
postpone the details for now. We assume throughout that fistiaies are Ricardian: Lump sum
transfers always adjust such that the present value of gomeat debt converges to zero for all

equilibrium and off-equilibrium paths.

3With a price stability targeft= 1, the condition igp = 1 such that interest rates must respond more than one-for-
one. Coibion and Gordonichenko (2011) show more genetaditgt depends on the inflation target and is larger than
one wherrt> 1.



2.2 Equilibrium

A monopolistically competitive rational expectations giguium consists of an allocatioft; , ry, Iz,

Yt )i, NON-Negative price®M /R, T&, pf, W );.o, 2nd monetary and fiscal policiés, g, Tt, Bt /P )i
such that (i) households maximize utility, (ii) firms maxiaaiprofits, (iii) monetary policy follows
the interest rate rule, (iv) fiscal policies are consisteith whe government budget constraint, and
(vi) goods, asset and labor markets clear, given initiadawonsB_1, andv_1 > 1 and processes

for wx, gr andr;.

In what follows, we study stochastic sequences of ougpunflation g, reset priceg; and price
dispersiony; that solve a system of non-linear expectational differezpeations implied by the

market clearing and optimality conditions. This systemiveg by

- o)

) B(1—Viysyiis) < n
DN Zs:O(BE)SCOHs% <|_|J$:0Tft+j) Y+s

1 o1 <Yt+1 — gt+1) - (18)
Thi1 OX ¥i — G ’

pEkTrt = n—1 ; (19)
Bty o o(BE) @is(Yirs—Otrs) © (l‘l?:o Th+ j) Yits

1= et +@-8 )", (20)

o= EMvioa+(1-&)(p) ™", v_1 given, (21)

as well as the processes for the preference skwcknd fiscal policieg andt;. Equation (18)
combines the consumption Euler condition, the interestnae and the final goods market clearing
condition. Equations (19)-(21) jointly result from optihpaice setting and labor and goods market

clearing conditions.



2.3 Permanent Liquidity Traps

One possible equilibrium outcome is that the economy ends apermanent liquidity trap. Such
an outcome can potentially explain why, despite peggingaigcy rate near zero for almost two
decades, the Japanese central bank so far has failed tmpcewtinuing declines in nominal prices.
To see how this equilibrium outcome can arise, suppose éretlare no discount factor shocks,
wx = 1 for all t; and (ii) that government purchases and labor taxes areizeneryt, i.e. gg =0
andt; = 0. Absent any uncertainty, constant steady state consampguires through the Euler
condition that the real interest raté +i)/m equals ¥f. Using the Taylor rule, inflation is then

determined by

(mm® N1 1
max( B/ ,1);[_5. (22)

Because of the ZLB constraint, there are two possible smigti In anintendedsteady state,
inflation is on targety = > 1, and the nominal interest rate is positive; inuarintendedsteady
stateU, there is deflationy = 3 < 1 and the nominal interest rate is zero. Steady state oytput

depends on inflatiort through

B(1-vy) )y ° =

_ _ 1/(n-1)
1EBT[”(1E)” 23)

1—gpm- I \1—gm1

wherev= (1-&)¥/1-1) (1 - gm-1) “VEAN) 1 gm) is the steady state level of price dispersion.

The dynamics around the intended steady state explain whgtase interest rate rule and an objec-
tive of price stability are widely considered to be desieatdlatures of monetary policy. An active
rule responds sufficiently aggressively to inflatign> ¢) and ensurekcally unique convergence
to the intended steady state. A price stability target,7ie. 1, implies that all relative price distor-
tions disappear as the economy approaches the intendely state andg;’, v — 1. Whenm =1,

output is determined by the efficiency conditi®fl —y;) ™ /y; © = 1. But there also exist infinitely
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many perfect foresight equilibria that converge to the ternided steady state, see Benhabib et al.
(2001a,b). In these equilibria, the economy ends up in agbeapliquidity trap with deflation and
zero nominal interest rates. In the presence of nominalitigs, price dispersion never dissipates

w > 1and sincd (1—yy /W) " /y;° < 1 these outcomes are necessarily inefficient.

2.4 Confidence Shocks and Temporary Liquidity Traps

Even if Japan’s experience could be described as an an@dipajectory towards a permanent lig-
uidity trap state, an important question is whether the sarrae for the recent ZLB episodes in the
US and other countries. Based on observed inflation, outplirgerest rates since 1983, Aruoba
and Schorfheide (2013) conclude that such a transition tera@nent liquidity trap state is very

unlikely for the US. Moreover, Gust et al. (2012) documetatt timarket expectations have been in
line with a prolonged spell of near zero interest rates, k&g with interest rates rising eventually

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

liquidity trap, albeit at an uncertain future date.

The model permits equilibria featuring temporary and infigetty anticipated liquidity traps that
are not only more promising empirically, but also bettetifyghe use of short run stabilization
policies. For now we maintain the assumption that there aréiscount factor or fiscal policy
shocks. Although there is therefore no uncertainty regardne economy’s fundamentals, there
still exist equilibria in which outcomes are stochastic degend on non-fundamental random vari-
ables, called sunspotsDenote such a sunspot y. Definingu = [y, T¢, p;] , we are interested in

equilibria for which the dynamics can be described by

u = v, W) (24)

v = h(v-1,) , v_1given (25)

4See Shell (1977), Cass and Shell (1983). Benhabib and F&20@0) survey sunspots in macroeconomic models.
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for a given stochastic process fpy. The functionsf andh generate equilibrium sequences if they
solve (18)-(21). In a sunspot solution, agents rationadligdition expectations of; and output,

inflation and the other variables fluctuate randomly as atfonof the realization of.

Consider a sunspot that follows a two-state discrete Magoeess € (Yo, Yp), with transi-
tion probabilities P{yx;1 = Yo|Pt = Wo) =1 and P(P1 = Wp|Pr = YPp) = gy < 1. The first state
Wo is absorbing, i.e it is impossible to leave this state. Sspgdw,Wo) andh(w,Po) describe
the unique equilibrium path to the intended steady statk that in the long runy andv; converge
almost surely toy andu; = [y;, T, p;]. Since this outcome is desirable in terms of welfape,
represent a state in which agents have ‘optimistic’ expiects. The economy starts in a second
stateyp with finite expected duration/11— qy) in which agents instead have ‘pessimistic’ expec-
tations. While in this state, the economy converges to arimf outcomeyp = limi_ h (W, Yp)

andup = [yp, T, pp| = f (Vp, Yp), that solves

y©° = Blmaxg(%)q),l)} [q;‘“y“”r T[;(q‘)“(yo( I (26)
_ quBEM-1

= e (VB w) Y+ (A o) . @)

Vo= (@=Ye (gt VY g (28)

pro= (1= VO (g )V (29)

wherevo (V) = h(V, Yo), Uo = [Yo(V), To(V), p5(V)] = f (v,Wo) andA(v) are functions of.
To see why the ZLB permits short run dynamics driven by peissimaespite long run convergence
to the intended outcome, Figure 1 depicts the two key relaligps that determine output and infla-

tion while theyp state lastS. The ASschedule, obtained from (27) after appropriate subgtitst

SFigure 1 is based on numerical evaluations using the paeavaiues discussed in Section 3. The functiens),
uo(v) andA(v) are not known analytically, but are approximated numesicake also Section 3. Th&SandEE
schedules result from evaluating these functions as weiseg (28) and (29) to substitute ouand p*.
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represents supply and price setting decisions and is pelgisloped. The&E E-schedule, based on
(26) after substitutions, represents intertemporal condion decisions as well as the interest rate
rule and is kinked because of the ZLB constraint: With inflator moderate deflation, the nominal
interest rate is positive and sufficiently responsive st inore inflation leads to higher real inter-
est rates and therefore lower consumption in the short ruth $tfonger deflation, the ZLB binds
and higher inflation lowers real interest rates which enages consumption in the short run.
Because of this non-monotonicity, there can be A#EE intersections. The solution where output
and inflation converge to the first intersection to the na#itgy, 1) corresponds to the intended
deterministic equilibrium. In the sunspot solution, outpnd inflation instead converge to the sec-
ond intersection to the southwestp, Tp): The ZLB binds and there is deflatiop < 3 < 14 and
lower economic activityp < y;. Forgy — 1 the liquidity trap becomes permanent gyg, o) —

(Yu,Tu).

By causing shifts from pessimism to optimism, sunspots aawibwed as exogenous shocks to
confidence. Agents’ pessimism about income levels in theadiate future lead to lower desired
consumption. Nominal rigidities imply that firms respondlbyering production as well as prices.
If the confidence shock is sufficiently severe and monetaligypbecomes constrained by the ZLB,
falling prices result in a higher real interest rate whiclther reduces desired consumption. This
in turn requires even stronger price declines, higher reateést rates that induce more saving, etc.
Akin to the paradox of thrift, in equilibrium this vicious sal ends only if income falls sufficiently
to eliminate excess savings, which in turn validates thents@essimisnf. The end result is a

temporary liquidity trap with depressed economic activity

A paradox of thrift occurs when higher desired savings loaggregate demand and economic activity such that
actual savings decrease in equilibrium. In our model, agageesavings 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 becatisbocks to the economy’s fundamen-
tals. One particular short run deflationary shock that magedhe ZLB to bind isy, which affects

households’ time preferencé<onsider equilibria characterized by

w = f(v,w) (30)

i = h(Vt_]_,(,Q) , V1 given (31)

where the function$ andh again solve (18)-(21), now for stochasidc For clarity, we now exclude
all sunspots and focus on equilibria with the discount fasttock as the only source of random
fluctuations. Suppose that is generated by a two-state discrete Markov chains (w,1) where
w < 1, with transition probabilities Pex1 = 1jox = 1) = 1 and Pfw 11 = w|wx = W) = gy, < 1.
Statewy = 1 is absorbing and the economy converges to the intendedysséate in the long run.
The economy starts in a stai® = w with expected duration /A1 — q,). For as long asx = w,
the economy converges to a pomt,= lim:_,. h (%, w) andu. = [y, 1, p/] = f (v, w), that solves

(28)-(29) as well as

y©° = B[maX<g (%)d)l)} {q—ﬁy"%;{j‘;(m(v))" ) (32)
T MW T[n_l —K *
o= G rwea-w A TR ) . 69

wherevy (V) = h(v,1), uy = [YH(V), TH(V), P (V)] = T (v, 1) andl (v) are functions of/. After sub-
stitutions, these equations again provll§E E-schedules linking output and inflation, which are

shown in Figure 2. There is a single intersectidgm , y ) at which the ZLB binds, there is deflation

’Discount factor shocks often have similar implications lascks to credit spreads or household borrowing con-
straints in more complicated models, e.g. Clrdia and Waraldf2010).

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

sumption is low relative to the expected utility of futurensomption and the economy’s natural rate
of interest declines. In the face of temporary low demandyfoods, firms decrease production as
well as prices. If the shock to intertemporal preferencéage enough to constrain monetary policy
at the ZLB, falling prices result in higher real interesie(relative to the natural rate), further re-
ductions in consumption, even stronger price declineddrigeal interest rates, etc. In equilibrium
income must fall to eliminate excess savings and becausemnoifival rigidities the preference shock

causes an inefficient liquidity trap recession.

Figures 1 and 2 reveal a key difference between confidencealiandunt factor shocks. In order
to preserve a determinate outcome in whidhredamentashock causes the ZLB to bind, the Taylor
rule must be expected to become active in the not too distiéumef. The discount factor shock can
therefore not be too persistent. For@pectations drivehiquidity trap to be possible, the Taylor
rule must instead be expected to be at the ZLB for a suffigidotig time and the state of low
confidence instead must be relatively persistent. Grafi@a expectations driven liquidity trap
(yp, ) only exists if theAScurve has a greater slope than Eie curve in the binding ZLB region.

A fundamentals driven liquidity trafy , 7y ) only exists under the exact opposite condition. Fixing
other parameters, the key determinant of the slopes is gheceed duration of the short run ZLB
state. For longer durations (highgy or q,), the ASschedule is steeper because price setters are
more willing to adjust prices in response to weak demand agimal costs are expected to remain
low for a longer time. A longer expected spell of deflation dmgh short term real interest rates

flattens theE E curve because deflation more strongly rewards delayingucopson.
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3 A Quantitative Evaluation of Fiscal Interventions

We now turn to a quantitative evaluation of temporary gowegnt 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 annugltezakt rate of 4 percent in the long
run and se = 0.99. The intertemporal elasticity of substitution in congtion is /o0 = 1, a value
solidly in the range estimated in the consumption litematf targets an average of one third of
available time spent in the labor market. Weiset 2.65 to yield a Frisch labor supply elasticity of
0.75, which is in the range considered realistic by labor enusts. The elasticity of substitution
between intermediary inputs is= 10, which implies a markup of 11 percent in the long run. The
degree of nominal rigidities i& = 0.65, which implies that prices are adjusted approximategrev
three quarters, a value consistent with the empirical emideof Nakamura and Steinsson (2008).
For the interest rate rule, we assume a price stability targe 1, as well a$h = 1.5, a conventional

value that satisfies the Taylor principle for local deteraaiyn

We maintain the same stochastic processes for the shocks@ections 2.4 and 2.5, which re-
quire values fory, andqg,. For the case of a confidence driven liquidity trap, wegget= 0.70 such
that the expected duration is between 3 and 4 quarters. imsline with Gust et al. (2012), who
document average expectations of 3 to 4 quarters of nearsher term interest rates in 2009Q1
and 2010Q2 based on Eurodollar contracts as well as profeddiorecasts. For the liquidity trap
caused by the discount factor shock, the model forces ug tlewer value ofy, = 0.4, implying

an expected duration of under two quarters. As explaindetedhis lower value is needed to ensure

existence of an equilibrium with a binding ZLB driven only iyndamental$. We setw = 0.9727

9To ensure existence of an equilibrium with a binding ZLB ues forg, higher than ( are not possible unless we
make substantial changes to other parameter values. Ranags increasing the degree of nominal rigidifidtattens
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such that the initial drop in output is the same for both typigyuidity traps. The implied natural
interest rate in a fundamental liquidity trap is -0.4%. Hinave assume that in the long run the tax
rate ist = 0.20 and that spendingis 20% of output, values that are similar to US postwar avesag

The short run changes in the fiscal instruments are detaited |

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

for the case of a confidence shock, and in (30)-(31) for the o&s discount factor shock. The
approximation in each case is done by a piecewise lineatitamon a grid forv of 100 points for
each of the two discrete states. Solutions are obtainedhisyiteration of a recursive formulation

of the equilibrium system in (23)-(25). As discussed abavehe case of (24)-(25) there are two
solutions given the stochastic processipr One describes the sunspot solution, the other describes
the intended equilibrium. For an appropriate initial guafdhe 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 ratdsspending remain constant. As the
initial condition for the dispersion of prices we se; = 1. Time starts in period 0 and the economy
remains at the ZLB until a stochastic dateat 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,gdispersion and the annualized levels
of inflation and the nominal interest rate in an expectattngn liquidity trap. At time 0 pessimism

prevails and the economy settles on a short run path towagdsgp). Output is about 1.6% below

the ASschedule and therefore permits higher valuegjfor

OMany papers in the literature instead rely on log-linearagjmations. Notable exceptions include Wolman (1998),
Judd, Maliar and Maliar (2012), Fernandez-Villaverde ef2012), Braun et al. (2012), Aruoba and Schorfheide (2013)
Several of these papers document the dangers of relyingearlapproximations to study liquidity trap dynamics.
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the long run level, the nominal interest rate is zero, priedisby almost 9% at annual rates and
become dispersed, real interest rates exceed the natigafrd% by about 2.5%. As the economy
approachesgup,vp), output and inflation recover modestly. At ddtewhich we set equal to five

in the figure, agents become optimistic and there is an imatedecovery: Output jumps to values
close to the long run level, deflation turns to inflation, tleenmal interest becomes positive, real
rates fall and prices gradually become less dispersedellotig run, the economy converges to the

intended steady state.

The blue lines in Figure in 4 show the dynamics for a liquidigp driven by the discount fac-
tor shock. At time 0, household preferences for future comgion are relatively high and the
economy settles on a short run path towanasv, ). Because of our choice @, output is again
about 1.6% below the long run level. The nominal interes rkero, prices fall by more than 5%
and become dispersed, and the real interest rate exceeusttinal rate of -0.4% by about 2.5%. At
dateT agents’ intertemporal preferences change exogenouslipatural rate rises to 4% and there

is an immediate recovery with gradual convergence to tlenaed steady state.

The dynamics of the key macroeconomic variables in the twesyf liquidity traps are very similar:
Economic activity is depressed and there is strong deflaBacause of the difference in expected
duration, prices fall more in an expectations driven ligyidrap. By reducing the difference be-
tweenqy and g, the model can generate near-observationally equivalgicomes for nominal
interest rates, inflation and output. On the other hand,rEgy8 and 4 show a qualitative difference
in the behavior of real interest rates at the ZLB. Equilibriadjustment in both scenarios requires
real interest rates that exceed the natural interest rageale the natural rate is by assumption
temporarily negative in a fundamental liquidity trap, rederest rates in Figure 4 remain subdued
at the ZLB and rise in the recovery. In a confidence driven wapout exogenous changes to the

natural rate, real interest rates are instead high at the aidBfall in the recovery. However, this
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gualitative difference in the real interest rate adjustiriiween the two liquidity trap scenarios
derives from the particular assumptions on preferenceseafohology in the basic model. Section
3.5 below considers an extended model that instead fedtwes real interest rates also in a con-
fidence driven trap. Thus, in practice it may be difficult tetaiguish a confidence driven from a

fundamental liquidity trap based only on data on inflatiautpoit and interest rates.

3.3 The Effect of Spending Stimulus

We first examine the effect of an increase in government spgriy assuming that, for as long as
the ZLB is binding,g; is temporarily increased from 20% to 22% of the long run otutpwvel. We

also assume that increased spending does not affect thieoduwithe low confidence state, i.e. that
qy is invariant to the policy intervention. The red lines in &igs 3 and 4 depict the equilibrium

paths with increased spending in a liquidity trap.

In an expectations driven liquidity trap (Figure 3), higlgamvernment spending leads only to a
modest increase in economic activity and output remainerian 1.5% below the long run level,
compared to 5% wheng; remains constant. Higher spending also leads to more aeflatid price
dispersion as well as higher real interest rates. In cantaasincrease in government spending of
the same size in a fundamental liquidity trap (Figure 4) igicemtly mitigates the downturn. Output
is now only 1% below its long run level, and the spending shimunstead reduces deflation and
real interest rates. Even though without fiscal policy wetion both shocks yield very similar out-
comes, the effects of the policy intervention differ sigrafitly: A spending increase has significant
expansionary effects if the ZLB is caused by a discount fagitock, but only minor expansionary

effects if the ZLB is caused by low confidence.

The different effects of changes in government spendingeaZLB is not simply a feature of our

calibration. Figure 5 reports marginal government spemdinltipliers for a wide range of parame-
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ter values. These marginal multipliers measure the changatput that results from an infinitesimal
increase in government spending, as a ratio of that chane#ing (y:);-., denote the output path
with constant spendingt = g, and(y: () )., the path whem; = g+ & for as long as the ZLB binds,
the marginal spending multiplier is

% (®) — ¥

lim
0—0

(34)

As transitional dynamics are relatively unimportant, theelines in Figure 5 report only the mul-
tipliers in a neighborhood of the points to which the econaogverges while the ZLB is binding,
i.e. (vp,up) for a confidence shock arel_, u ) for a discount factor shock. The parameter range is
determined by the requirement that there exists an eqjuilibwith a binding ZLB! For compari-
son, Figure 5 also depicts in red the ‘standard’ multipliera neighborhood of the long run steady
state(vi, Uy ), where nominal interest rates are positive. In this casetiseno confidence (discount
factor) shock, but; € (g,g+ d) is a two-state discrete Markov chain with the same transjtiob-

abilities as the confidence (discount factor) shock.

The right column in Figure 5 shows that government spendiwgyes becomes less effective as
a stabilization tool in a liquidity trap recession drivenfimssimism. The output effects of spending
increases in an expectations driven liquidity trap are gda@maller than those of equally persis-
tent increases in an environment with positive nominalregerates. For the benchmark parameter
values, the ZLB multiplier is less than 0.2 compared to alo@toutside of the ZLB. Except for
confidence shocks with very short expected durations (jg)y government spending remains ex-
pansionary at the ZLB. However, the lower multipliers mehat tlarger spending increases are
required to generate a significant impact on economic &twinen nominal interest rates are zero.
The left column in Figure 5 shows that government spendistead becomes more effective in a
fundamental liquidity trap. The ZLB spending multiplier®an this case always larger than those

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

1170 expand the feasible range in the case of a discount favbmkswe loweredo to 0.965 in Figures 5 and 6.
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bration, the ZLB multiplier under a discount factor shockareund 1.5, which is similar to the
assumptions made by Romer and Bernstein (2009) and mordwi@nas large as the multiplier
when interest rates are positive. For some parameter vidde&d B multipliers exceed two or more,
which means that relatively small expansions in governiperthases can have very sizeable effects
on economic activity. That spending multipliers can bedanden the ZLB binds after a discount

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

The output effect of spending changes depends criticallyheninflationary effects of the fiscal
intervention as well as the monetary policy response. Whamimal interest rates are positive,
monetary policy responds to the inflationary effects of aafistimulus by raising nominal interest
rates more than proportionally in accordance with the Taglte. The resulting increase in real
interest rates crowds out private consumption and mudtiplare usually less than one, as is the case
in Figure 512 In the case of a fundamental liquidity trap, increased sipenid always inflationary
and since the nominal interest rate remains at zero, reabisttrates decrease and private consump-
tion is crowded in. Multipliers are lower when the ZLB is cadsy the confidence shock because
increased spending instead is deflationary in equilibriBpending stimulus at the ZLB then leads

to higher real interest rates and crowds out private consomp

To better understand why the policy effects are so differféigiure 7 shows the impact of increased
spending on thASEE curves that determine where the economy converges to irnthrersin. The
curves are based on numerical evaluations under the benklualgbration. For an expectations

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

y-9-97° = B[maX<g(—2)¢7l>] [qﬁ(y—g—é)‘% ;(3§’(yo(v)—g)‘°} : (35)
(1—qgypEm—1)

* 0 o —K AN X\O _ *
P = e (M1 (LW g- 8 (LAY ToMRSLY) ) (39

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

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

(y-9-9)° = B{maX@(—g)q)lﬂ {q—;’(y—g—é)%i;{_—&’(m(w—g)“} : (37)
— How Tlrlil —K g *
o= e (T w58 - T w69

The full lines in Figure 7 are the curves definiog, ) and (y,, 10 ) for the case where there is
no short run increase in spendidg= 0. The curves with broken lines define the new convergence
points(yp, ) and(y; , T ) whend > 0 and spending is increased in the short run. The stimulus is

identical in both panels and equals 2% of the long run outpuel 3

Higher government spending implies that total demand f@l fyoods is higher and theE curve
shifts to the right. Higher government spending also hassitige wealth effect on labor supply
which shifts theAScurve to the right. As explained earlier, in a confidenceatriliquidity trap (left
panel) theEE curve is positively sloped but less steep thanAlscurve: The relatively high ex-
pected duration of the state of low confidence means that pétters are more inclined to respond to
increased public demand by adjusting prices. But the higieeted duration also means that lower
deflation strongly encourages private consumption. As@tresxcess demand for the final good is
increasing in inflation. Absent the wealth effect on labgrdy, an increase in public demand leads
to a drop in inflation which increases real interest ratesdiscburages private consumption. The
positive wealth effect on labor supply is what ultimatelykes the stimulus expansionary, but the

deflationary effect of the demand stimulus in equilibriumits the output expansion.

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

tion because thEE curve is steeper than teScurve. Since an increase in public spending leads

13The transitional dynamics associated with this policy expent are shown in Figures 3 and 4.
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to higher inflation and crowds in private consumption, dednaolicies can in this case become very
expansionary. Thus, the size of the spending multipliehataLB depends on whether additional
public sector spending is inflationary or deflationary, vihiicturn 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 thegmal labor tax rate. We now as-
sume that government spending remains constant while lbloe faxt; is temporarily lowered from

0.20 to 0.19 for as long as the ZLB is binding. As before, byuag#ion the policy change does
not affect the duration of the state of low confidence. Thelblanes in Figures 3 and 4 depict the

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

In an expectations driven liquidity trap (Figure 3), the tast mitigates the downturn considerably
and the output drop is limited to about 0.9%, compared to W#én the tax rate is constant. The
tax stimulus also reduces deflation and real interest ratesharp contrast, an identical decrease in
the labor tax rate in a fundamental liquidity trap (Figurendrsens the recession. Output is now
more than 2% below its long run level and the temporary redundh the tax rate leads to more

deflation and higher real interest rates. Again, there iggeldifference in policy outcomes: Tax

cuts have very large expansionary effects if the ZLB is cdumsea confidence shock, whereas the

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

These differences in the effects of tax changes at the ZLBakse@ robust. Figure 6 reports, for
a wide range of parameters, marginal tax multipliers meaguihe percentage change in output that
results from an infinitesimal decrease in tax rate, as a odtthe change. I{y:);- is the output

path with constant tax ratas = 1, and(y: (3))-, is the output path when =1 — & for as long as
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the ZLB binds, then the marginal tax multiplier is computed a

_Yi(0) — Wi
lim ——— . 39
5'£>no Y0 (39)

Blue lines in Figure 6 are the multipliers in a neighborhobthe short run convergence points and
red lines are the ‘standard’ multipliers in a neighborhobthe long run steady state. In the latter
casej; € (1,1 —9) is a two-state discrete Markov chain with the same tranmsjgi@babilities as the

confidence (resp. discount factor) shock.

The right column in Figure 6 shows that cutting taxes coasitf becomes more effective as a
stabilization tool in an expectations driven liquidity greecession. The ZLB tax multipliers are
always larger compared to an environment where nominalasteates are positive. In the bench-
mark parameter calibration, the ZLB tax multiplier is ab0wW&, more than twice as large as when
the ZLB does not bind?* The left column in Figure 6 shows that cutting taxes in a fundatal
liquidity trap instead always becomes contractionary @zhB. For the benchmark calibration, the
ZLB multiplier is -0.5 compared to around 0.3 otherwise. Bome parameter values the ZLB tax
multipliers are very negative. In a liquidity trap recessaaused by a discount factor shock, stim-
ulating economic activity therefore requires higher maagjtax rates, which was shown previously

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

As with spending changes, the output effect of a tax changerdis importantly on the inflationary
effect and the monetary policy response. The increase iafteetax real wage following a tax cut
leads to an increase in labor supply and lowers the margirsalof production. Price setters respond

with lower prices. When nominal interest rates are positivenetary policy accommodates the ef-

145 referee pointed out that the model tax multipliers out @ #iB appear small compared to recent estimates, e.g.
Mertens and Ravn (2013). We have verified however that a mwittetapital accumulation and an income tax produces
dollar multipliers in line with the evidence. Results araitable on request.
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fects of the tax cut by reducing nominal interest rates ipoase to lower inflation. The real interest
rate decreases, which crowds in private consumption amts$ lEaan output expansion. When the
nominal interest rate remains at zero, the deflationarncefiethe tax cut raises real interest rates
and crowds out private consumption. Tax cuts in a confidengerdliquidity trap instead lead to

output expansions because they are inflationary and erg@pravate consumption in equilibrium.

Figure 8 depicts the impact of a one percentage point labocuaon theASEE curves, which
are analogous to (35)-(38) but now with constant spendimadiowing for short run changes in
the tax raté® In both the expectations (left panel) and fundamental {figimel) liquidity trap, the
reduction in the marginal labor tax rate leads to an outwhifd af the AScurve. Without a change
in inflation, there is excess supply in the economy. In thee adsa confidence shock with high
expected duration, price setters are more willing to lowargs to draw in additional demand but
deflation strongly discourages consumption. Since exagy3\sis decreasing in inflation, cutting
taxes has inflationary effects and is expansionary. In adorehtal liquidity trap, excess supply
instead is increasing in inflation, tax cuts are deflationargquilibrium and the tax multiplier is
negative. Therefore, the sign of the tax multiplier at theBZlepends 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 thaatheunt of deflation predicted
in equilibrium appears excessive given the US dét@ihe absence of more significant disinflation
or deflation in the current US recession is a general chatlédogNew Keynesian models, see for

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

I5Transitional dynamics resulting from this policy experithare depicted in Figures 3 and 4.

18|nflation rates, as measured for instance by the annual efiartge PCE price index, declined abruptly during late
2008 from between 3 and 4 percent in mid 2008, to below 1 péatedhe end of 2008, and to -1 percent by mid 2009.
Since then, inflation rates have ranged between 1 and 3 gercen
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deflation and a large rise in real interest rates seem pltjcumportant features of an expectations
driven liquidity trap. The fact that US real interest rates eurrently at relatively low levels sug-
gests a decline in the natural rate, which appears to faesdknario of a liquidity trap driven by
fundamentals and the associated large spending but negaximultipliers. We now consider an
extended model in which the real interest rate decreasesnads) expectations driven liquidity trap

but the effects of fiscal policies are qualitatively the samdefore.

A key mechanism in the basic model is that households’ disie®ings increase as higher real
interest rates fuel intertemporal substitution. But lomfidence may also induce downward pres-
sures on real interest rates through other channels. Ranices, in a temporary liquidity trap nominal
bonds provide insurance: real payoffs increase precisbBnvihe marginal utility of consumption
is high, and vice versa in a recovery. These risk hedgingegat@s of nominal bonds provide an
additional incentive for households to save and imply theettdoyields reflect a risk discount. In the
benchmark model with traditional time separable prefezenthis effect is very small. However, it
is well known that traditional preferences produce riskipeethat are far too small and stable com-
pared to observed asset prices. To successfully accouthtefdrehavior of bond premia in the New
Keynesian model, Rudebusch and Swanson (2012) considagiepad Zin (1989) preferences. In

similar vein, we replace (1) and define preferences recelysas

1-o 1k 1—p
¢ -1 -1 g -1 Sy
Vt:(*)t< 5 +e‘1_K A vy )—B(Et(—\/t+1)1 X)rx (40)

The households’ Euler condition now changes to

GO = B(l+i)E [dtﬂ%%q;ﬂ. (a1)
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1 X
whered;, 1 = <(Et(—\/t+1)1_x) X /Vt+1) . The preferences in (40) decouple the elasticity of in-
tertemporal substitution and the degree of risk aversidme [atter is determined by with lower
values corresponding to greater risk aversion. Governmaichases; also enter (40) to avoid that

higher government spending has unappealing direct negeffiects on household utility.

On the firms’ side, we generalize the production functiorBint¢
Vit = nﬁ‘ . (42)

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

of & for well known reasons of strategic complementarity in @setting, see Woodford (200%.

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

: Ty v\
1—|—|t:max<B (ﬁ) ()7') ,1). (43)

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

The new parameters ajg v, Y, a and¢y. We setu= 1, a = 2/3, ¢y = 0.75 andv = 0.25 such

In the basic model of Section 2, correspondingte: 0, addingg; in additively separable fashion is completely
irrelevant for equilibrium dynamics. However, this is nnig wheny £ 0, because changes in the households’ value
function are directly important for savings-consumpti@eidions, see (41).

a
18Equations (12) and (13) are modified to, respectiyely n® /v andv; = (En{‘/avtlﬁ+ (1-%8) (pt*)’”/“) . The
equilibrium price setting condition, formulated recuediy becomes

() = §/R,

B (wy) M)y /a
s = @ o + BEE: S a8 |

o (Yt — Gt)° + BEEL [T'{]J:lldtJrlFHl} -

R
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that a 20% share of public goods in total spending is optim&hé intended steady state. Finally,
we sety = —100 implying a large degree of risk aversion, which Rudebustd Swanson (2012)
show is required to explain the observed behavior of bonthjarén the US. We picko = 0.9653
andqy = 0.89 to generate output drops that are the same size as in &iguaed 4 for an easier

comparison. All the other parameters are the same as im8e:t.

Figures 9 and 10 show the dynamics in both types of liquidiyg in the extended model. The
combination of high risk aversion preferences and dimingheturns to labor considerably reduce
the amount of deflation in a liquidity trap: The same outpopdras in Figures 3 and 4 are how asso-
ciated with prices falling at a rate of 3.5% (compared to 9%igure 3) in the case of a confidence
shock, and at a rate of 1.2% (compared to 5% in Figure 4) in @ise of a discount factor shock.
Importantly, Figure 9 shows that in contrast to the basic ehaithe real interest rate falls also in
the expectations driven liquidity trap because of a largesiase in demand for bonds for insurance
purposes. As before, an increase in government spendingnimal$ output effects in the expecta-
tions driven liquidity trap but tax cuts are strongly expanary. The spending stimulus is instead
very effective in the fundamentals driven liquidity trap evbas tax cuts are again contractionary.
Thus, while the extended model can generate more realdjlistnents in real interest rates, the
main conclusions regarding the effectiveness of fiscaludtiat the ZLB remain the same as in the

simpler model.

3.6 Discussion

Our analysis shows that conclusions about the effectivené$iscal instruments at the ZLB de-
pend generally on the nature of the liquidity trap and on xigeeted duration. Because the ZLB

constraint generates multiple equilibria, the outcomeadicy interventions can be very different
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in more persistent expectations driven liquidity trapsOur choice of stochastic processes for the
shocks makes the contrast between a fundamental and etxpest@riven liquidity trap particularly
stark by imposing that the expected duration of the liqyittdp is unaffected by fiscal interventions.
In practice, policy changes may also have direct effectoosemer confidence and on expectations.
Equilibria selected by more complicated sunspot procesaesapture these effects and generate
spending and tax multipliers that are either smaller ordargufficiently large fiscal policy inter-
ventions may more generally affect the duration of a ligyidiiap, as in for instance Erceg and
Lindé (2010), or even avoid equilibria with a binding ZLBajether. Our analysis abstracts from
these possibilities. Nonetheless, since confidence amthfuantal shocks initially can produce very
similar output and inflation dynamics in a liquidity trap signing the appropriate fiscal response is

generally challenging without a deeper understandingehtiture of the underlying shocks.

Unfortunately, empirical evidence that helps discrimertagtween fundamental and non-fundamental
liquidity traps so far is scarce. Almunia et al. (2010) findgamultipliers associated with US de-
fense spending in the 1930s. Ramey (2011) instead finds derese that the multiplier was larger
during 1939-1949 when interest rates where near zero kBgi@nd Taludhar (2011) exploit cross-
regional differences in Japan to estimate the effectivenéfiscal policies during the 1990s. They
find that government spending did not have multiplier effabiat are on average larger than one
and that government personnel expenditures had signifieagdtive output effects. Aruoba and
Schorfheide (2013) estimate a medium-scale model using@d8 US data and, allowing for both
discount factor and confidence shocks, extract the modgliech shocks during 2000-2012. De-
pending on the inflation measure used, they find that confalshocks are relatively important to
account for the Great Recession and can explain the limkpdresionary effects of the American

Recovery and Reinvestment Act. Wieland (2012) empiricad]gcts the prediction of the discount

9This is also true for other types of policy interventions;isas 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 takancreases, are expansionary at the
ZLB. Gust et al. (2012) argue that an estimated model canuateeasonably well for key features
of US data up to 2011 by only allowing for fundamental sho¢kswever, by not allowing for con-
fidence shocks, their model relies on an increasingly ulylikequence 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 expectatiomgeah fluctuations is that their existence too
strongly depends on the assumption of rational expectatM#inen there are multiple equilibria and
the impact of policy changes is uncertain, some have argaretigmissing equilibria that yield un-
stable dynamics under alternative assumptions about theafn of expectations, see for instance
McCallum (2003). On these grounds, Christiano and Eichemb@012) argue that the uncertainty
surrounding the effects of fiscal interventions in a ligtydrap can perhaps be dismissed. In this
section we discuss the stability of the confidence shockliegai under learning and verify that
our results on the effects spending and tax policies arestdbueasonable deviations from rational

expectations.

4.1 A Linearized Model

To facilitate the analysis, we linearize the equilibriutmdiions preserving only the ZLB non-
linearity. Linearizing (18)-(21) around the intended satate and assuming that= 1, 1= 1 and

that there are no discount factor shocks, yields

sl = s (1-s) (B(max(w%,o) ) nal), (44)
A-EA-O [ w1\, & .
T : ((1—y|+1—sg)yt_1—sggt+ )‘l‘BT'fHa (45)
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where hatted variables are in deviation of the intendedigtetate valuer = 1/3 — 1 is the steady
state real interest rate asgl= g/y;. The notation¢, , denotes the periodexpectation ok;,1. The
linearization eliminates all transitional dynamics anel slanspot equilibrium conditions in (26)-(29)
become

Qrt

qtp(§/+ﬁ)+Br—[3max<r+E,O) (46)

Py + BayTt (47)

<>
Il

=
I

wherep = (1_852)(1_5) (1K_y>',| + 1) > 0. For anygy € (g*, 1] this system has a solution given by

R  (1-Bay)(1-p)

whereA = qy — (1—qy) % < 1. For the ZLB to bind, it is required that@ A < ¢@. Since
¢@> 1 andA < 1 the second inequality is redundant and the critical valuis the smallest root of
qg—-(1-qg) 1*—£q* = 0. As in the non-linear modelyp, ) corresponds to an intersection of the
now linearASEE schedules in (46) and (47) that lies to the southwest of ttemded steady state.
The conditiom > 0 imposes a sufficiently high expected duration and is etgrmtéo the condition
on the slopes of thASEE curves discussed before. Thus, the expectation driverditguraps in

the non-linear model are also present in the linearizearyst

4.2 Fiscal Multipliers with Adaptive Expectations

Now suppose that expectations are not strictly rationakecBigally, assume that agents perfectly

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

% = QqJ()?te‘fl + ﬁtefl) +Br— Bmax(r + %, O) , (49)
o = ph+Bayit),. (50)

wherexte‘f1 now denotes the expectation conditional on saie

Rational expectations solutions to systems as (49)-(®03@metimes judged by their ‘learnability’.
A common criterion in this regard is the expectational (Eabgity of the underlying system of
expectational difference equations. This is because lilsyas closely related to dynamic stability
under simple recursive learning schemes, such a leastesjoa(small) constant gain learnifg).

For (49)-(50), the E-stability condition arourigh, ) is that the eigenvalues of

1 1
Ay (51)
p p+PB

are less then one in absolute value. The largest eigenvagiiesn byqgy /" and sinceyy € (g%, 1],

the sunspot equilibria are never E-stable. In contrastEts¢ability condition in a small neigh-
borhood of the intended steady state is the Taylor princigle- 1.2 The fact that the rational
expectations solutiofyp, Tip) is not E-stable means that under certain learning scheheslight-
est expectational errors imply that output and inflatioredie away from(yp, 7ir). Depending on
the errors made, output and inflation either converge tosvird E-stable intended steady state or

do not converge at all.

20See Marcet and Sargent (1989) and Evans and Honkapohja)(2B&dtability has been used to evaluate policy
rules, e.g. Bullard and Mitra (2002) and for selecting amonitiple RE equilibria, e.g. McCallum (2003)

2IThese findings are closely related to Bullard and Mitra (3082ans and Honkapohja (2005) and Evans, Guse and
Honkapohja (2008) show that the permanent liquidity trapBemhabib et al. (2001a,b) (i.e. the case whgge— 1)
are not E-stable.
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Christiano and Eichenbaum (2012) use E-stability resol@rgue that non-fundamental liquidity
traps should perhaps be viewed as curiosities. Howevehagrsby Evans, Guse and Honkapohja
(2008), the presence of the permanent liquidity trap rafiexpectations equilibria of Benhabib et
al. (2001a,b) can have profound implications for output infidtion dynamics even with recursive
learning. This is also true for the case of temporary ligyitiaps. Consider the following constant

gains learning rules:

= 7y (fea—1E) (52)
i o= Wy (ka9 (53)

~e|P

where 0< y < 1 is a gain parameter arfd 1,y_1, T |

andygF> are given. In our setting, constant
gains learning is identical to classical adaptive expewtat The dynamics under learning are given
by a sequence of temporal equilibria determined by (49); (@ learning rules (52)-(53), and the
following initializations:

~e|P
Yo

,\e‘

=9p(1+¢y), 7§ =To(l+en) , fL1=91=0 (54)

whereer andgy are initial expectational errors.

Figure 11 illustrates the expectational dynamics undemnleg based on the benchmark calibra-
tion as well as setting= 0.1022 The figure also shows trajectories for three differentatitations

of expectations in the neighborhood (@b, ) (blue circle). All three trajectories converge asymp-
totically to the intended steady state outcome (red circlé)e left panel depicts the case with a

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

22The figure is based on the model that includes (constant) fisd&ies using the parameter values described in
Section 3. Our value foy is conservative as the learning literature typically asssinower values, e.g. Evans et
al. (2008) assumg = 1/30 while Eusepi and Preston (2011) calibrgte 0.002 based on data from the Survey of
Professional Forecasters.
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the dynamics for the same initial conditions but permittiregative nominal rates. The dynamics
around(yp, Tp) are saddle path stable, whereas the dynamics around thdé@uatsteady state follow

a stable spiral. The existence(@p, Tip) due to the ZLB has important effects on the dynamics with
adaptive expectations. Expectations converge only vemylglto the intended steady state and can
initially even be attracted t0yp, Tip). In our calibration, it takes approximately 100 quarterfobe
learning dynamics lead to an endogenous exit from the ZLBe®that the low confidence state
has an expected duration of less than 4 quarters, the uastabkitional learning dynamics are not
very relevant in the short run. With no ZLB but the same itigetions, expectations spiral towards
the intended steady state much faster. As Evans et al. (2@@8¢onclude that the potential for

destabilizing expectational shocks remains present wédming dynamics.

We can also examine the impact of fiscal policies when ageats hdaptive expectations. Fig-
ure 12 depicts standard and ZLB spending and tax multiptietis in case of rational and adaptive
expectations for an example trajectory with= e = —0.03. More precisely, we first fix initial
expectation erroréey, £r7), and compute the output path conditional on agents beirgimissic and
for a constant level of government spending and taxes. Naxthe same initial expectation errors,
we compute the output path when short run spending (tax)ratesnarginally higher (lower). We

then compute multipliers as in Section 3.

By construction, the rational expectations multipliersted intended steady state in the linearized
model are identical to those of the non-linear model (sqgréhe left columns in Figure 5 and 6).
The multipliers in the rational expectations liquiditygrare quantitatively different from the non-
linear model because of the linearization. But as in the lmar model, the rational expectations
spending multiplier is much smaller at the ZLB, whereas #xemultiplier is larger. The multipliers
under adaptive expectations change over time becausesitiomal learning dynamics. Initially the

multipliers are in a neighborhood of those that occur in iheidlity trap with rational expectations.
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As agents update expectations, the multipliers underileguaiverge slowly from their rational ex-
pectations liquidity trap values and when nominal interasts become positive (around the 100th
guarter after the initial shock), the multipliers jump distely to a neighborhood of their values at
the intended steady state. In the long run the multipliers’eme to the standard (intended steady

state) rational expectations values.

Hence, our conclusions about fiscal multipliers hold truelézal deviations of rational expec-
tations: When the liquidity trap is generated by an expawtat shock, spending multipliers are
smaller than in normal times while the opposite is true farraultipliers. The main new insight
from the introduction of learning is that as long as pessmpersists the economy may eventually
endogenously exit a liquidity trap induced by an expectatighock. However, the learning process
is very slow. For time horizons that are relevant given tlhagitory nature of agents’ pessimism,

our conclusions based on rational expectations remaintinta

5 Conclusions and Future Extensions

As the US and many European countries enter a fifth year ofzexarshort term nominal interest
rates, the effects of the 2008 global financial crisis ar@ipgpto be very persistent. We have shown
that when a liquidity trap is caused by a long-lasting sthtevoa consumer confidence, a government
spending stimulus has deflationary effects and becomes/edyaneffective at the ZLB. In contrast,
cuts in marginal labor tax rates are inflationary and geearaich larger expansionary effects than
when interest rates are positive. These results flat outadiot widely held views of the effects of
fiscal policies in a liquidity trap as well as recent conatuns drawn from macroeconomic models
with nominal rigidities. The key policy implication of ounalysis is that in the current macroeco-
nomic environment, the design of fiscal stimulus or austgréckages 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 teapoassumption we made is that
the duration of the state of low confidence is not changed éYisleal intervention. Policy changes
may in practice have direct effects on consumer confideratectin affect fiscal multipliers. Bach-
mann and Sims (2012) provide some evidence for such conBdeffects of government spending
in recessions and more complicated sunspot processes amecthese in the model. Second, our
analysis can be repeated in larger models that capture reaterés of real economies. Several
larger scale studies, e.g. Cogan et al. (2010), Erceg arel(2010), Drautzburg and Uhlig (2011)
and Coenen et al. (2012), discuss many factors that deterfisical multipliers in a fundamental
liquidity trap, such as the financing or timing of the fiscaatlus. Similarly, Fernandez-Villaverde
et al. (2012) show that long run supply stimuli remain expamary in a fundamental liquidity trap.
All of these factors are also relevant in an expectationgedrliquidity trap. The potential for con-
fidence driven liquidity traps remains present also in largedels with richer specifications for the
interest rate rule or the confidence process, see for inst&olbmitt-Grohé and Uribe (2012) and
Aruoba and Schorfheide (2013). In Mertens and Ravn (20) ¥z lextend the model to incorporate

housing and financial constraints.

Finally, our analysis can be extended to include additionahore sophisticated government poli-
cies. A growing literature considers alternative policgtlmments or more generally optimal policy
responses in a fundamental liquidity trap, e.g. Reifsatereand Williams (2000), Eggertsson and
Woodford (2003), Coenen, Orphanides and Wieland (2004am\dnd Billi (2006) or Werning

(2011). Another important question is which policies cam@late unintended equilibrium out-

comes. Benhabib et al. (2002) propose monetary and fiscalig®that violate the households’
transversality conditions along candidate deflationaryildmjium paths. Atkeson, Chari and Kehoe
(2010) describe sophisticated monetary policies thatemeint the intended equilibrium uniquely

in a linear model by switching to an appropriate monetarysginaule. Correia, Fahri, Nicolini and
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Teles (2012) demonstrate how distortionary taxes can bé wseeplicate the effects of negative
nominal interest rates and circumvent the zero bound prnob®ochrane (2011) discusses and criti-
cizes various proposals to eliminate indeterminaciesmittiGrohé and Uribe (2012) have recently
proposed interest rate policies that generate an exit frawnéidence driven liquidity trap after it

has occurred. We leave these and other extensions for fararie
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Figure 11 Expectational Dynamics with Adaptive Expectations. @sallenote rational expectations
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