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Fiscal Stimulus in an Expectation Driven Liquidity

Trap

Joep Lustenhouwer*®

2Otto-Friedrich-Universitat Bamberg

Abstract

I study expectation driven liquidity traps in a model were agents have finite plan-
ning horizons and heterogeneous expectations. There are backward-looking agents,
who base their expectations on past observations, and forward-looking agents, who
observe the expectations of backward-looking agents, and use model equations within
their planning horizon to make forecasts. Expectation driven liquidity traps arise
when the presence of backward-looking agents leads to a wave of pessimism after a
single, non-persistent, negative preference shock. I find that fiscal stimulus in the
form of an increase in government spending or a cut in consumption taxes can be
very effective in mitigating the liquidity trap. Moreover, an adequate response of
these measures is found to always be able to prevent deflationary spirals, that can
arise when there is a large fraction of backward-looking agents with a longer planning
horizon. A positive inflation target furthermore reduces the fiscal stimulus required
to resolve a liquidity trap for any given size of the negative preference shock. In con-
trast, fiscal stimulus in the form of labor tax cuts is deflationary and hardly effective
in mitigating liquidity traps.

*Email address: joep.lustenhouwer@uni-bamberg.de



1 Introduction

Can fiscal stimulus be used to escape a liquidity trap? Several studies have found that in
a liquidity trap, where the zero lower bound is binding and real interest rates fall when
inflation is increased, government spending multipliers are higher than in normal times
(among others Christiano et al., 2009, Eggertsson, 2011 and Woodford, 2011). This implies
that a government spending stimulus could be used to increase inflation and output, which
might get the economy out of the liquidity trap. Erceg and Lindé (2014) find that fiscal
stimulus can indeed be used to shorten liquidity traps and even resolve them immediately
if the stimulus is large enough. A stimulus in labor taxes on the other hand will be less
effective, because this measure not just increases output, but also increases labor supply,
implying lower wages. The resulting decrease in marginal costs for firms puts downward
pressure on inflation which negativity impacts the severity and possibly the duration of
the liquidity trap.

These results are reversed in a study by Mertens and Ravn (2014), who investigate
the interesting possibility that a liquidity trap is not driven purely by fundamental shocks,
such as persistent shock to the household’s discount factor, but instead by expectations. In
their model such an expectation driven liquidity trap takes the form of a sunspot equilib-
rium. They find that contrary to widely held views, in their setup, increasing government
spending at the zero lower bound is deflationary in equilibrium and is not very effective
in mitigating a liquidity trap, while cutting labor taxes is inflationary in equilibrium and
does mitigate the liquidity trap considerably.

In this paper, I model expectation driven liquidity traps in a framework of bounded
rationality, rather than with a sunspot equilibrium. I find that in line with the literature
on liquidity traps driven by fundamentals, in my liquidity traps driven by boundedly
rational expectations, government spending increases are inflationary and hence effective
in mitigating a liquidity trap while labor tax cuts are deflationary and less effective. This
shows that the reversal of traditional results that was found by Mertens and Ravn (2014)

is not a general feature of liquidity traps driven by expectations, but depends crucially on



the choice of modeling an expectation driven liquidity trap as a sunspot equilibrium.

Assuming a sunspot equilibrium stays relatively close to the rational expectations
benchmark, and furthermore assumes that all agents in the economy form the same ex-
pectations. These features may not be fully realistic when considering a liquidity trap
that is driven by expectations. In this paper instead, I allow for more bounded ratio-
nality in expectation formation and decision making, and furthermore for heterogeneity
in expectations. First of all, there are two types of agents: forward-looking agents and
backward-looking agents. Forward-looking agents form expectations in a forward-looking
manner, using their knowledge of the model equations. Backward-looking agents on the
other hand, base their expectations on recent observations and assume that all variables
will mean-revert back to their steady state in the future, with some auto-regressive coef-
ficient. These backward-looking expectations represent participants of the economy that
use simple rules of thumps, based on what they are currently observing in the economy.
Such rule of thumb behavior is found to be consistent with expectations of human subjects
in laboratory experiments (see e.g. Assenza et al. (2014) and Pfajfar and Zakelj, 2011) as
well as with survey data (see e.g. Branch (2004, 2007)). This particular form of backward-
looking expectations is used by e.g. Branch and McGough (2010) and Gasteiger (2014),
who label it adaptive expectations. Secondly, all agents in my model have a finite plan-
ning horizon as in Lustenhouwer and Mavromatis (2017). Instead of being able to form
expectations up to an infinite horizon, and basing their decisions on these expectations,
agents are relatively short-sighted and are not able to plan ahead and form expectations
more than 7" periods into the future. Their optimization problems are therefore adjusted
accordingly.

In this setup of bounded rationality, I study in detail how expectation driven liquidity
traps can arise and how this depends on the fraction of backward-looking agents in the
economy and on agents’ planning horizon. I compare such a liquidity trap, with a liquidity
trap driven by a persistent fundamental shock. Interestingly, I find that when agents have
planning horizons that are not too long, expectation driven liquidity traps of considerable

duration can arise, from which the economy eventually recovers. If on the other hand,



agents have a long or infinite planning horizon, an expectation driven liquidity trap either
is of only limited duration, or results in a deflationary spiral from which the economy does
not by itself recover.

I then turn to the question whether fiscal stimulus in the form of a spending increase
or tax-cut can mitigate the severity and duration of expectation driven liquidity traps and
prevent deflationary spirals. As mentioned above, I find that an increase in government
spending is effective in mitigating a liquidity trap, while cutting labor taxes has only very
mild positive effects. In addition, I also consider cutting consumption taxes. Unlike a cut
in labor taxes, I find that a cut in consumption taxes is inflationary and can considerably
reduce the duration of a liquidity trap. Moreover, I find that both increases in government
spending and cuts in consumption taxes can prevent deflationary spirals that arise for
large planning horizons, while cuts in labor taxes cannot. Finally, I find in an extension
of the model that the required size of fiscal stimulus to prevent a deflationary spiral can
considerably be reduced if the central bank has a higher inflation target.

My findings regarding the effects of government spending increases in a liquidity trap
are in line with those of Hommes et al. (2015) and a series of papers by Evans and coauthors
(Evans et al., 2008, Evans and Honkapohja (2009), Benhabib et al., 2014). Hommes et al.
(2015) conduct a laboratory experiment, where rather than making any assumptions on
agent’s expectations, they let expectations be formed by human subjects in the laboratory.
They are able to initiate an expectation driven liquidity trap by either initializing the
economy with low historical data for inflation and output gap, or by later showing subjects
pessimistic newspaper opinions. Without fiscal intervention, deflationary spirals regularly
occur in their experiment. However, in treatments where there is a fiscal switching rule
and government spending is increased when inflation is below some threshold deflationary
spirals are always prevented. These confirms the results of Evans et al., 2008, Evans and
Honkapohja (2009) and Benhabib et al., 2014, who find that under adaptive learning such
spending increases can always prevent deflationary spirals that would otherwise have arisen
because of the zero lower bound. These papers however, do not consider the effectiveness

labor or consumption tax cuts. Mertens and Ravn (2014) also do not consider the latter.
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To the best of my knowledge this paper therefore is the first to investigate the effectiveness
of consumption tax cuts in an expectation driven liquidity trap. Eggertsson (2011), Coenen
et al. (2012) and Correia et al. (2013) find that this instrument can be quite effective in a
liquidity trap driven by fundamentals.

The modeling approach with fractions of forward and backward-looking agents is closely
related to Gasteiger (2014, 2017), Branch and McGough (2009) and Elton et al. (2017),
as well as to Massaro (2013) and Dedk et al. (2017). The framework used to model finite
horizons is similar to that of Branch et al. (2010) and Woodford (2018). See Lustenhouwer
and Mavromatis (2017) for a detailed discussion of the differences with these frameworks.
This paper is the first to combine such a micro-founded framework of finite planning
horizons with heterogeneity in expectations.

The remainder of the paper is organized as follows. In Section 2, the model and ex-
pectation formation processes are outlined. In Section 3, I present how expectation driven
liquidity traps can occur, and how their duration depends on the behavioral features of the
model. In Section 4, the effectiveness of different fiscal stimulus packages is investigated.

Finally, Section 5 concludes.

2 Model

The model is made up by a continuum of households i € [0,1], a continuum of firms
j €10,1] and a monetary and fiscal authority. Moreover, there are two types of households
and firms. A fraction « of households and firms forms expectations in a backward-looking
manner and a fraction 1 — o forms expectations in a forward-looking manner. The expec-

tations of these two types of households and firms will be specified in Section 2.5.

2.1 Households

Households want to maximize their discounted utility over their planning horizon (T peri-

ods), and they also value the state they expect to end up in at the end of these T periods



(their state in period T+1). They are not able rationally induce (by solving the model
forward), how exactly they should value their state in period T+1. Instead households use
a rule of thumb to evaluate the value of their state (their wealth). As in Lustenhouwer and
Mavromatis (2017), their objective function therefore exists of a sum of utility, U(), out
of consumption and leisure for the periods within their horizon, as well as an extra term

with a function V() that is increasing in end of horizon wealth.

t+T
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X B ;:t Bl O H) + B G V(=5 25), (1)
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142,

where B; are nominal bond holdings from household 7 at the beginning of period ¢; C% and
H! are the household’s consumption and labor; Z; are real profits from firms which are
equally distributed among households; 7¢ and 7! are respectively the consumption tax and
labor tax rates; i, is the nominal interest rate; P, is the price level; and W, is the nominal
wage rate. Finally S is the household’s discount factor, while &, is an exogenous preference
shock.

Furthermore, it is assumed that households have CRRA preferences both for consump-
tion and labor and for wealth at the end of their horizon. Moreover, the relative utility of
real bond holdings in a given period compared to consumption in that period is be given

by A. The functional form of V'(.) therefore becomes

V(z)=A

1—0o

Dividing the budget constraint by P, gives

. Bi . B
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The first order conditions of the maximization problem are

E(ODH ™7 = N(1+719), T=tt+1,.t+T (5)
(HH)" = N (1 — mHw,, T=tt+1,.t+T (6)
A 1+ i)\
I P T B (7)
HT—H
i . Bz+T+1 -0
Near = B&irii (14 tpyr) (———) A, (8)
Pyr

Next we define a measure of real bond holdings, scaled by steady state output: b; =

Pftl?. Substituting for this expression in (8) and (4) gives
MNr = Bérria(L+inpr) (Vi) T7A, (9)
and
c\ i \/ bj’-i—l l ) sz— -
1+7m)C+Y—"- <(1—1)w.H. + + =, T=tt+1,..t+T (10)
1+, I1.
2.2 Firms

There is a continuum of firms producing the final differentiated goods. There is monopo-
listic competition and each firm is run by a household and follows the same heuristic for
prediction of future variables as that household in each period.

Each firm has a linear technology with labor as its only input

Yi(4) = Hi(5), (11)

Since firms are owned by households, they will be short sighted. That is, they will form
expectations about their marginal costs and the demand for their product for T periods
ahead only. We assume that in each period a fraction (1 —w) firms can change their price,

as in Calvo (1983). The problem of firm j that can reset its price is then to maximize the



discounted value of its profits for the next T periods.

E} ZW ties | Pe()Yers(F) — PrpsmerssYees () | (12)
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is the stochastic discount factor of the household (j) that runs firm j.

Using the demand for good j, the firm’s profits maximization problem writes as follows
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The first order condition for p;(j) is
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where p;(j) is the optimal price for firm j if it can re-optimize in period t.

Next, turn to the evolution of the aggregate price level. 1 assume that the set of firms
that can change their price in a period is chosen independently of the type of the household
running the firm, so that the distribution of expectations of firms that can change their
price is identical to the distribution of expectations of all firms. Since decisions of firms

only differ in so far their expectations differ, it follows that the aggregate price level evolves

as
1
Po= R+ (1=w) [ 9G4, (16
0

This can, after dividing by P;, be written as

1= wa’l + (1 - w)/o di(5)* 945, (17)



2.3 Government and market clearing

The government issues bonds and levies labor taxes (7}) and consumption taxes (1) to

finance its (wasteful) spending (G;). Its budget constraint is given by

— = PG, — 1'W,H, — 7°P,C, + B, (18)

with H; = [ H/di and B, = [ Bjdi aggregate labor and aggregate bond holdings respec-
tively. Dividing by Y P, gives

b1 H, L b
1_:Zt :gt_Ttlwt?_'_Tt?—i_ﬁtt? (19)
where b; = PfiY and g, = —?—} are the ratios of debt to steady state GDP and government

expenditure to steady state GDP, respectively.

Market clearing is given by

Y, =C,+G, =C,+Yg, (20)
Fiscal policy is given by
9t = D5y, (21)
and
7/ = DLT, — ~(b, — b), (22)
T = DCT,, (23)

where DS} is a time varying component of discretionary spending, and DLT; and DLT;

are time varying components of discretionary labor and consumption taxes respectively.



These variables will be used below to model discretionary fiscal stimulus. Additionally,
labor taxes stabilize the debt ratio with a coefficient of ~.

The monetary policy rule is given by

1 +4; = max (1, (1+7) (%) ” <§) ¢2) (24)

2.4 Linearized model

In Appendix B the model is linearized around a general inflation target, and the resulting
model equations are given by Equations (78) through (95) in that appendix. In most of
the paper I assume a zero inflation target, and only in Section 4.3 I focus on the effects
of changing the inflation target to a positive value. When the inflation target is 0, the

linearized model equations reduce to

~
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7Tt —/i('r] + Zw 6 Et)ft_t,_s - — Zw 6 Etgt+s (26)

~ ~ T s
K SBSE K S/BSEANI 4R Sﬁs EA
tTtJrs . 7—_[ w tTt+s K w t 475
s=0 s=1 T=1

QQI

bit1 ;fh - E(Yi —Gi) — T + = bt + b(iy — ) (27)

W oo j 7y 7 ~
——[7"1((1—1—7]—1-1—9))@—0 %_—F 4 —§t>+ff},

with coefficients defined in Appendix B.4.

Linearized monetary and fiscal policy equations are given by

i = 17+ ¢2Yt, (28)
g =DS,, (29)

7L = DLT, + by, (30)
7¢ = DCT,. (31)

2.5 Expectations

There are two types of agents in the economy: forward-looking agents and backward-
looking agents. Backward-looking agents consider the last observation of all variables, and
consider this observation to be most informative about the current state of the economy;,
and its future evolution. They however do not expect the economy to stay in its current
state forever, but instead expect mean-reversion to the target steady state in the future.

In particular their expectations about output s periods from now is given by

Eff/;f—&-s = pS—Hi/;f—l (32)
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Branch and McGough (2010) and Gasteiger (2014) and others refer to these expectations
as adaptive expectations. Expectations about inflation, debt, the nominal interest rate,
government spending, taxes and (in case of a positive inflation target) price dispersion are
formed analogously. I assume that backward-looking agents always expect future realiza-
tion of the preference shock to be zero.!

Forward-looking agents understand the mechanics of the economy. They also now what
fraction of agents in the economy is backward-looking and what fraction is forward-looking.
Moreover, they observe the expectations that backward-looking agents have formed in the
current period, about the next 7" periods. They are however not rational enough to know
exactly how backward-looking agents are forming their expectation. Therefore, forward-
looking agents have no reason to believe that backward-looking agents will later revise
currently formed expectations about a particular future period. Instead, forward-looking
agents assume that backward-looking agents will stick with the expectations about future
period that they have currently formed, and will only come up with new expectations when
periods that currently still lie outside their planning horizon are concerned.? Mathemati-
cally, this implies Ef[EY,,Viys] = EPYp,, with k < s < T.

Moreover forward-looking agents are restricted in their ability to sophisticatedly think
about the future, by their planning horizon. As in Lustenhouwer and Mavromatis (2017), 1
assume that forward-looking agents rationally use the model equations within their horizon
to form model consistent expectations, but they are not able to form expectations for
variables outside their horizon in a sophisticated manner.

Because of the above mentioned bounded rationality, forward-looking agents know the
model equations and the structural form of the minimum state variable solution of the
model, but their computed solution may not always be fully model consistent, as described

below.

!This assumption is made because I want to highlight expectation driven liquidity traps that arise
because backward-looking agents expect variables like output and inflation to remain low after a single,
non persistent shock. I do not want to consider liquidity traps that arise because agents expect the shock
itself to be persistent, even when it is not.

2In Section 3.4, robustness to the case of fully rational forward-looking agents is discussed.
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Forward-looking agents start with forming expectations about the final period of their
horizon. To do this, they take the model equations of period ¢ + T'. However, in the IS
and Phillips curves of that period (Equations (25) and (26) forwarded 7" periods), finite
sums with expectations about period t + 7T 4 1 up to period t + 71 + T appear. That is, in
the model equations they are considering, expectations of variables outside their planning
horizon show up. Forward-looking agents therefore need to give these expectations a value,
without being able to solve in a sophisticated manner what will happen in these periods
(since they lie outside their planning horizon). Instead, they assume that in periods after
their horizon, the model will have converged to a steady state, with all agents believing
in steady state values for the future. With this assumption, they are able to solve for
period t 4+ T variables in terms of the state variable b;,7. They then move to the model
equations of period ¢t + 7T — 1. Here they plug in the solution of period t 4+ T variables as
expectations for forward-looking agents, and the current expectations about period ¢t + T’
of backward-looking agents as expectations for backward-looking agents. They then again
assume steady state levels for expectations of variables outside their horizon. This allows
them to solve for period ¢t + 7T — 1 variables in terms of state variable b; 1. This process
goes on until they have solved for all expectations of forward-looking agents within their
horizon in terms of the observed state variable b;. Expectations of variables for the periods
within the horizon can then be obtained from these policy functions by plugging in the

value of the current debt level.

3 Liquidity traps

In this section I show that in the above model with forward-looking and backward-looking
agents liquidity traps can arise that are mainly driven by expectations rather than funda-
mentals. In order to highlight the role of expectations I initiate a liquidity trap by a single,
non-persistent shock to the fundamentals of the economy that temporarily lowers output
and inflation, in an economy with a relatively large fraction of backward-looking agents

(75%). 1 compare this case of a liquidity trap driven by expectations of backward-looking
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agents, with the case of a liquidity trap driven by fundamentals, where the fundamental
shock is persistent (auto-correlation coefficient of 0.85), and there are no backward-looking
agents. The particular shock that I consider is a negative preference shock that decreases
the rate at which households discount the future and creates a desire to save. Similar
shocks are used to model a liquidity trap by e.g. Eggertsson (2011) and Mertens and Ravn
(2014).3

Note that under fully rational expectations, a liquidity trap of multiple periods could
arise in case of a persistent negative preference shock, but that it would at most last one
period in the case of a single non-persistent shock. The intuition for an expectation driven
liquidity trap to arise in the behavioral model, even after only a single non-persistent
shock, is the following. In the behavioral model, a bad shocks can trigger pessimism in
the economy, with backward-looking agents expecting low output and inflation for the
future. This causes agents to reduce consumption and prices, so that the liquidity trap
continues. The liquidity trap is then however purely driven by expectations, without any
bad fundamentals.

Below, I illustrate how liquidity traps can arise (Section 3.2), and how the occurrence
of expectation driven liquidity traps depends on the size of the shock and the fraction
of backward-looking agents (Section 3.3). In addition, there is an important role for the
planning horizon of agents. This will be the focus of Section 3.4. First, the parameterization

is discussed in Section 3.1.

3.1 Parameterization

In the model, one period corresponds to one quarter. I set the discount factor to 5 = 0.99,
the coefficient of relative risk aversion to ¢ = 1, the inverse of the Frisch elasticity of
labor supply to n = 2, the elasticity of substitution to § = 6 and the Calvo parameter

to w = 0.75. These values are relatively standard in the literature. Steady state fiscal

3Note that the particular form of the shock is not important for the main results of the paper. The only
thing that matters for an expectation driven liquidity trap is that output and inflation are reduced for a
single period, so that backward-looking agents adjust their expectations. The exact reason for output and
inflation to have declined is of no consequence.
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variables I choose more or less in line with US historical averages as follows: steady state
government spending as a share of GDP is set at § = G/Y = 0.25; the steady state
labor and consumption tax rate are set to respectively 7' = 0.24 and 7¢ = 0.08, so that
the steady state debt to GDP ratio becomes b = 1. Monetary and fiscal policy variables
are set to ¢; = 1.5 and ¢o = 0.157 (implying a response to output of around 0.6 when
annual data are used) and v = 0.1. I further set the mean reversion in the expectations of
backward-looking agents to 0.85. With that calibration, backward-looking agents expect
the deviation of variables to be halved in approximately 4 quarters. In Appendix D, I study
robustness to the calibration of this parameter. As a benchmark, I fix agent’s planning

horizon at I" = 8, but in most sections I present results for different planning horizons.

3.2 Illustration of expectation driven liquidity traps

Figure 1 plots, the simulated time series of output, inflation the nominal interest rate, taxes
and debt and the preference shock. In the purple and dashed green cases there is a single,
non-persistent negative preference shock in period 2 of —20%. In the dashed green case,
all agents are forward-looking. Agents then know that there is no reason to adjust their
inflation and output expectations considerably downward, because there is little inertia
in the economy. This is because there is no auto-correlation in the preference shock and
there are no backward-looking agents in the economy. In this case, the liquidity trap is
immediately resolved in period 3, when the bad shock has passed.

The purple curves depict a liquidity trap driven by expectations, where 75% of agents
in the economy are backward-looking. In the period after the negative preference shock,
backward-looking agents adjust their inflation and output expectations downward, and
expect the liquidity trap to continue. This causes backward-looking agents to lower con-
sumption and prices. Forward-looking agents are aware of this, and rationally expect lower
inflation as well, so that they also lower their prices somewhat compared to the case with
no backward-looking agents. The lowering of prices of both backward- and forward-looking

firms causes inflation to remain low in period 3. This causes the wave of pessimism to con-
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Figure 1:

Liquidity traps for T' = 8. The dashed green and solid purple curves depict the case
of a single non-persistent shock with respectivley only forward-looking agents and
75% backward-looking agents (expectation driven liquidity trap). The dashed-dotted
curve depicts the case of a liqudity trap driven by a persistent negative preference
shock with only forward-looking agents.
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tinue, and the expectation driven liquidity trap now lasts up to and including period 6 (a
total of 5 quarters).

The black dashed-dotted curve depicts the case of a liquidity trap driven by funda-
mentals. Here all agents are forward-looking, but the negative preference shock is now
persistent with auto-correlation coefficient 0.85. Because the fundamentals now remain
low for a number of periods, agents in the economy choose relatively low consumption and
prices for several periods. As a result, the liquidity trap now lasts up to and including

period 5, even though there are now backward-looking agents in the economy.

3.3 Duration of liquidity trap

Next let us move to a more robust analysis of the model dynamics and the length of
liquidity trap for different fractions of backward-looking agents and for different sizes of
the fundamental shock. Panel (b) of Figure 2 displays the duration of the expectation
driven liquidity trap in case of a planning horizon of 8. On the horizontal axis is the
fraction of backward-looking agents and on the vertical axis is the size of the one-time
negative preference shock (in absolute value). The figure shows the following. When the
shock size is small, the zero lower bound does not become binding, and no liquidity trap
arises. This is the lightest region and the bottom of the figure. When the shock is a bit
larger but not too large, or when the fraction of backward-looking agents is small, the
liquidity trap is immediately over after the fundamental shocks are over (duration of 1
period). This is the second lightest region in the bottom left of the figure. The dashed
green case of Figure 1, where the fraction of backward-looking agents was 0, falls in that
area. For larger fractions of backward-looking agents and/or larger shocks, the liquidity
trap last longer and longer, as can be seen from the changing color shades.

Remember that the liquidity trap with duration 5 presented in purple in Figure 1 had
a share of 0.75 backward looking agents and a shock size of 0.20%. In panel (b) of Figure
2 it can be seen that liquidity traps of longer duration arise when the negative preference

shock is of larger magnitude, but especially if the fraction of backward-looking agents in
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the economy is made even higher.

3.4 Planning horizon

Now let us turn to the effect of the planning horizon of the agents on the liquidity traps.
Figure 3 plots in purple the expectation driven liquidity of Figure 1, where the planning
horizon equals 8 and the fraction of backward-looking agents is 75%. The dashed green
curves in Figure 3 depict the case of a shorter horizon of T' = 4, while the dashed-dotted
black curves depict the case of the longer horizon of T' = 16.

Comparing the output and inflation response to the initial fundamental shock in period
2, it can be seen that these responses are very similar for all three horizons. The differences
in expectations of backward-looking agents in period 3 are therefore also not very large.
Nonetheless, when the preference shock is over, the pessimistic expectations for 7" = 8
imply a prolonged expectation driven liquidity trap with slow convergence to the steady
state, while similar expectations for T = 4 imply almost immediate convergence, and for
T = 16 imply a rapid drop in output and inflation and a subsequent deflationary spiral.
The reason for this is the effects that pessimistic expectations about the future have on
agents’ consumption, labor and pricing decisions. Short sighted agents only consider a
small number of future periods when making decisions. For T" = 4, backward-looking
consumers expect increased real interest rates and lowered output for the next 4 periods,
and reduce their consumption somewhat accordingly. However, they do not consider what
might happen after these four periods when making their decisions. An agent with a
planning horizon of 7" = 16 on the other hand, cares about considerably more future
periods. When this agent expect real interest rates and output to be low also five periods
from now and later, he will reduce his consumption more than an agent that looks only 4

periods into the future.*

4Note that there is also a role in this story for the coefficient of mean reversion in the expectations
of backward-looking agents, d. In Appendix D it is shown that when this coefficient is reduced, liquidity
traps last less long for a given shock size and fraction of backward-looking agents. It is furthermore shown
that the differences between planning horizons are then reduced. The intuition for this is as follows. When
backward-looking agents expect very fast mean reversion agents with longer horizons do not expect high
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Figure 2: Length of liquidity trap for different fractions of backward-looking agents (x-axis) and
different sizes of the (non-persistent) negative preference shock (y-axis). The different
panels correspond to different planning horizons. Darker color shades indicate a longer
duration of the liquidity trap. The fully white areas in the top right of the bottom
4 panels indicate liquidity traps of infinite length with ever decreasing inflation and
output (deflationary spirals).
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Figure 3: Expectation driven liquidity trap for 7' = 4 (dashed green), T = 8 (purple) and

T = 16 (dashed-dotted black).
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Figure 4: Fundamentals driven liquidity trap for 7' = 4 (dashed green), T = 8 (purple) and
T = 16 (dashed-dotted black).
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Figure 4 plots liquidity traps driven by fundamentals for different horizons. That is,
all agents are forward-looking and the negative preference shock is persistent, as in the
dashed-dotted black case of Figure 1. Again, purple corresponds to T' = 8, dashed green to
T = 4 and dashed-dotted black to T" = 16. In the figure, it can be seen that the qualitative
differences between the three curves are small. In all cases, output and inflation first fall
and then slowly recover. Moreover, the length of the liquidity traps vary only a little (2-4
periods) for the different horizons, unlike in Figure 3. However, it remains the case that
longer horizons lead to longer and deeper recessions and longer liquidity traps.

Now let us consider more generally what the change in planning horizon implies for
different values of the shock size and different values of the fraction of backward-looking
agents. Panels (a) of Figure 2 reproduces panel (b), but now with a planning horizon of
T = 4 instead of T' = 8. The liquidity trap now lasts at most 4 periods, and that only for
a relatively high fraction of backward-looking agents. This reflects that a shorter horizon
implies faster recovery and shorter liquidity traps for any given combination of the shock
size and the fraction of backward-looking agents.

Panels (c) and (d) of Figure 2 plot the cases of respectively 7' = 16 and T' = 32. Here it
can be seen that as the fraction of backward-looking agents is increased, the liquidity traps
last longer than in the case of 7' = 8. However for larger fractions of backward-looking
agents and larger shock sizes, it is no longer the case that very long liquidity traps arise
from which the economy eventually recovers. Instead, the economy falls in a deflationary
spiral, as was illustrated by the green curve in Figure 3. In Figure 2, deflationary spirals
with ever lasting liquidity traps are indicated by white areas. The intuition for such a
deflationary spiral to arise is that backward-looking agents expect low inflation, high real
interest rates and low output for most of the periods within their horizon, and hence reduce
prices and consumption with considerable magnitude. When there are enough backward-

looking agents in the economy, the resulting drop in inflation and output is enough to

real rates in the extra periods that they are considering and hence do not reduce consumption and prices
more than short-sighted agents. It is further shown in Appendix D that when the coefficient of mean
reversion in expectations is increased, liquidity traps last longer and deflationary spirals occur more often,
also for shorter horizons.
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make agents even more pessimistic in the next period, causing inflation and output to keep
falling further and further.

Panel (e) of Figure 2 plots the case of an infinite planning horizon. The results are
very similar to those in panel (d), but also to those in panel (c). Deflationary spirals
occur somewhat more, but not drastically so. This is because backward-looking agents
expect the economy to have more or less returned to steady state after 16 periods, so
that backward-looking agents with a planning horizon longer than 16 periods do not base
their consumption and pricing decisions on a longer sequence of low inflation and high real
interest rates than agents with a planning horizon of 16 periods.

Note that in panel (e) the assumption is maintained that forward-looking agents do not
anticipate revisions in expectations of backward-looking agents. In panel (f) I relax this
assumption as a robustness check, and allow the forward-looking agents to become fully
rational. Panel (e) and (f) look qualitatively very similar with short liquidity traps for small
fractions of backward-looking agents and small shock-sizes and deflationary spirals in case
of larger fractions of backward-looking agents with a larger shock size. It can therefore be
concluded that the above mentioned assumption is not very impotent for the qualitative
dynamics that the model displays, but only slightly alters dynamics quantitatively. The
model equations used to create the graphs in panel (e) and (f) of Figure 2 are derived in

Appendix C.

4 Fiscal stimulus

Now lets consider whether fiscal stimulus in the form of a temporary increase in government
spending or cut in labor or consumption taxes can mitigate an expectation driven liquidity
trap. In particular, assume that the government implements a stimulus package in period
3 (the period after the start of the liquidity trap), and that the the stimulus package is

persistent, with auto-correlation coefficient 0.7.%

51 find similar results if the stimulus is not persistent, or has a different auto-correlation coefficient.
However, the lower the persistence in the stimulus package, the larger the initial stimulus needed to realize
a required effect, which may lead to unreasonably large changes in fiscal variables.
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Moreover I first assume in Section 4.1 that the size of the initial spending increase is
half the size of the initial negative preference shock. In Sections 4.2 and 4.3, I investigate
what size of the stimulus package would be needed in order to prevent a deflationary spiral
for respectively the benchmark calibration and the case of a positive inflation target. The
sizes of the labor tax and consumption tax cuts will always be scaled by respectively %

and so that all stimulus measures have the same direct impact on the government’s

1
1=’

budget deficit, and hence are comparable.

4.1 Spending increases and tax cuts

The solid purple curves in Figures 5 and 6 again reproduce the expectation and fundamen-
tals driven liquidity traps of Figures 1. The other graphs show the time series in case of a
fiscal stimulus package starting from period 3. In particular, dashed green corresponds to
a spending increase, dashed-dotted black corresponds to a labor tax cut, and dotted blue
depicts the case of a cut in consumption taxes.

First focusing on the dashed green cases, the following can be observed. When govern-
ment spending is increased in period 3, both output and inflation are increased considerably.
Moreover, because forward-looking agents realize that the persistent spending increase will
keep output and inflation high, they raise their output and inflation expectations, and in-
crease consumption and prices. In Figure 6 this leads to an immediate end to the liquidity
trap. In Figure 5 there are not enough forward-looking agents to immediately end the
liquidity trap in period 3. However, in period 4 backward-looking agents also raise their
expectations because they observed higher output and inflation in period 3. Therefore I
find that also in case of an expectation driven liquidity trap, spending increases can be
highly effective in ending a liquidity trap.

Next, consider the dashed-dotted black case of cutting labor taxes. As can be seen

in Figure 5 and 6 this measure raises output somewhat. However cutting labor taxes is

deflationary both in the liquidity trap driven by fundamentals an ind the liquidity trap

6] have assumed that the implementation of the stimulus package is announced and anticipated in
period 2. Assuming unanticipated fiscal stimulus in period 3 results in very similar graphs.
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driven by expectations. The zero lower bound now remains binding and the increase in
output is limited by an increase in the real interest rate. All in this stimulus package is
only able to reduce the length of the binding zero lower bound by one period in case of the
expectation driven liquidity trap and not at all in the liquidity trap driven by fundamentals.

Finally, lets turn to the case of cutting consumption taxes depicted in dotted blue.
Unlike cutting labor taxes, this measure leads to inflationary pressures. This first of all
directly mitigates the zero lower bound problem, and secondly implies a lower real interest
rate, and a further increase in consumption and output. All in all, output and inflation
rise somewhat less than under spending increases, but the consumption tax cuts are as
effective in ending both the expectation driven and the fundamentals driven liquidity trap.

The result that a spending increase or a consumption tax cut can quickly end a liquidity
trap, while a labor tax cut only slightly reduces its length is robust to the fraction of
backward-looking agents and the shock size. This can be seen in panel (b) of Figures 7, 8
and 9 that reproduce Figure 2 for the cases of respectively spending increases, labor tax
cuts, and consumption tax cuts.

Moreover, the same general result appears for different planning horizons. It can be
seen in panel (a) of Figures 7, 8 and 9 that the liquidity trap is resolved more quickly
under spending based stimulus and consumption tax cuts than under labor taxes cuts, also
when the horizon is short. Comparing panels (d) and (e) of Figures 7, 8 and 9 with those
of Figures 2, it can be seen that for longer horizons spending increases and consumption
tax cuts shorten liquidity traps and reduce the risks of deflationary spirals, while labor tax

cuts do not lead to visible improvements.

4.2 Size of stimulus package

In section 4.1, the size of the spending stimulus was equal to half the size of the negative
preference shock. This is arguably somewhat ad hoc. Moreover, for both spending and
tax based stimulus deflationary spirals still occurred for longer horizons when the shock

size and the fraction of backward-looking agents are large. Table 1 presents the size of the
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Figure 7: Length of liquidity trap in case of persistent spending stimulus for different fractions
of backward-looking agents (x-axis), different sizes of the (non-persistent) negative
preference shock (y-axis) and different horizons (the four panels).
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Figure 8: Length of liquidity trap in case of persistent labor tax cuts for different fractions
of backward-looking agents (x-axis), different sizes of the (non-persistent) negative
preference shock (y-axis) and different horizons (the four panels).
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Figure 9: Length of liquidity trap in case of persistent consumption tax cuts for different
fractions of backward-looking agents (x-axis), different sizes of the (non-persistent)
negative preference shock (y-axis) and different horizons (the four panels).

initial stimulus that is required to prevent a deflationary spiral for different shock sizes and
different fractions of backward-looking agents, in case of a planning horizon of T' = 16.7
The table only presents the cases of a spending increase and of a consumption tax cut,
because I find that a cut in labor taxes can never prevent a deflationary spiral, no matter
how large the cut.

It can be seen in panel a of Table 1 that for a shock size of 0.05 no fiscal stimulus is
required to prevent a deflationary spiral and for a shock size of 0.1, only for large fractions
of backward-looking agents. This is in line with panel (c) of Figure 2 where no deflationary
spirals occur in that area. As the shock size and /or the fraction of backward-looking agents
is increased in Table 1, larger spending increases are needed to prevent a deflationary

spiral. For very large shocks and large fractions of backward-looking agents the required

"As was found in the previous section, increasing the horizon above 16 (to 32 or even to infinity) does
not drastically increase the occurrence of deflationary spirals. Therefore the required sizes of a stimulus
package for longer horizons is somewhat higher, but generally similar to the numbers presented in Table
1.
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Panel a: Increase in §; (government spending)

shock size \ frac BL 0.5 06 0.7 0.8 09 1
0.3 0 4 7 10 12 13
0.25 0 2 ) 7 9 10
0.2 0 0 3 5 6 7
0.15 0 0 0 2 3 4
0.1 0 0 0 0 0 1
0.05 0 0 0 0 0 0
Panel b: Cut in 77(1 — g) (consumption taxes)

shock size \ frac BL 0.5 06 0.7 0.8 09 1
0.3 0 4 8 11 14 15
0.25 0 2 6 8 10 12
0.2 0 0 3 5 7 3
0.15 0 0 0 2 3 4
0.1 0 0 0 0 0 1
0.05 0 0 0 0 0 0

Table 1: Required magnitude of fiscal stimulus to prevent deflationary spiral for different shock

sizes and fractions of backward-looking agents when agents have a planning horizon of
T = 16.

size exceeds the size that was assumed in Figure 7, which explains why deflationary spirals
still occurred in panel (c) of that figure. This means however, that with slightly larger
spending increases deflationary spirals could have been prevented all together in panel (c)
of Figure 7.

Turning to panel b of Table 1 it can be seen that consumption taxes can also prevent

deflationary spirals and that their required magnitudes (after re-scaling with steady the

Q

steady state consumption to output ratio, 3 = 1 — g, to make their direct impact on the
governments budget deficit equal to that of a spending increase) are slightly larger than
the required government spending increases. Note however that given the relatively low
calibration of steady state consumption taxes, the cuts required to prevent deflationary
spirals for large shocks and a large fraction of backward-looking agents may be unrealisti-
cally high and require consumption taxes to become negative. In this case a combination
of spending increases and consumption tax cuts may be a more realistic, better balanced
way to proceed. Moreover, as shown in the next section, the required size of a stimulus

package can be considerably decreased in case of a positive inflation target.
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Panel a: Increase in g; (government spending)

shock size \ frac BL 0.5 06 0.7 0.8 09 1
0.3 0 0 3 6 79
0.25 0 0 1 3 5 6
0.2 0 0 0 1 2 3
0.15 0 0 0 0 0 0
0.1 0 0 0 0 0 0
0.05 0 0 0 0 0 0
Panel b: Cut in 77(1 — g) (consumption taxes)

shock size \ frac BL 0.5 06 0.7 0.8 09 1
0.3 0 0 3 6 9 10
0.25 0 0 1 3 5 7
0.2 0 0 0 1 2 3
0.15 0 0 0 0 0 0
0.1 0 0 0 0 0 0
0.05 0 0 0 0 0 0

Table 2: Required magnitude of fiscal stimulus to prevent deflationary spiral for different shock
sizes and fractions of backward-looking agents when agents have a planning horizon of
T = 16 and the central bank targets inflation of annualized 2%.

4.3 Fiscal stimulus under positive inflation target

So far I have assumed that the central bank has an inflation target of zero. It turns out
that in my model a higher inflation target decrease the occurrence, severity and duration of
liquidity trap for a given shock size. This is intuitive, as a positive inflation target implies
a higher steady state nominal interest rate, so that there is more room to decrease interest
rates until the zero lower bound is hit. Therefore, a liquidity trap of given severity only
arises with larger shocks when the inflation target is set higher.

This also implies that for a given shock size and fraction of backward-looking agents a
smaller fiscal stimulus package is required to reduce a liquidity trap to a given duration, or
to prevent a deflationary spiral. This is illustrated in Table 2 that reproduces Table 1 for
the case of an annualized inflation target of 2%. It can be seen in Table 2 that for smaller
shocks and /or smaller fractions of backward-looking agents deflationary spirals do not arise
at all anymore, and no fiscal intervention is needed (as indicated by 0’s). Moreover, for
larger shock sizes and large fractions of backward-looking agents the required size of the

stimulus package is considerably reduced compared to Table 1 where the inflation target
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was zero. This holds for both spending increases and labor tax cuts. As before, labor tax
cuts are not effective in preventing liquidity traps, and this case is therefore not shown in

Table 2.

5 Conclusion

I present a New Keynesian model with two forms of bounded rationality. First of all all
agents in the economy have a finite planning horizon and are not able to base their consump-
tion and pricing decisions upon considerations and expectations about the infinite future.
Secondly, while one fraction of agents is forward-looking and uses the model equations to
form expectations, another fraction of agents forms expectations in a backward-looking
manner, based on the most recently observed state of the economy. They expect a similar
economic situation to continue in the short run, but expect mean reversion to the target
steady state in the medium to long run.

The presence of backward-looking agents in the economy can result in a liquidity trap of
multiple periods, driven by expectations, after a single negative shock to the economy. The
duration of such an liquidity trap crucially depends on the fraction of backward-looking
agents in the economy, the size of the shock that triggered the liquidity trap, and agents’
planning horizons. When these quantities are low, the liquidity trap lasts at most one or
two periods. Expectation driven liquidity traps of longer duration can arise if the planing
horizon is still relatively short, but the fraction of backward-looking agents becomes larger.
When both the planning horizon and the fraction of backward-looking agents are large, it
can occur that the economy never recovers from the liquidity trap, but instead falls in a
deflationary spiral.

I show that fiscal stimulus in the form of a spending increase or a cut in consumption
taxes can be very effective in reducing the length of the liquidity trap. Moreover, when
the stimulus is of the appropriate size, deflationary spirals can always be prevented. Labor
tax cuts on the other hand, are not very effective in reducing the length of the liquidity

traps, and are not able to prevent deflationary spirals, independent of the size of the tax
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cut. The intuition for this is that, as in a standard liquidity trap driven by fundamentals,
spending increases and consumption tax cuts are inflationary in my expectation driven
liquidity traps, while labor tax cuts are deflationary. This result is in contrast with the
findings of Mertens and Ravn (2014) who find that in a liquidity trap driven by a sunspot
shock spending increases are deflationary while labor tax cuts are inflationary.

Finally, I find that a higher inflation target reduces the severity and duration of liquidity
traps. Therefore, smaller fiscal stimulus packages are needed to mitigate liquidity traps

and prevent deflationary spiral when the monetary authority targets higher inflation.
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A Steady state

In this section the steady state of the non-linear model is derived, where the preference
shock is assumed to be constant at £ = 1.
From the consumer Euler equation it follows that in this steady state we must have

1+
II

(33)

| =

Furthermore, from (64) it follows that
H=35Y (34)

Next, we can solve the steady state aggregate resource constraint, (20), for consumption,

and write

C=Y(1-3g) (35)

Plugging in these steady state labor and consumption levels in the steady state version of

the optimal labor/consumption trade off gives

1Yo (1 — g)7 (1 + 7¢)
1 -7

me = 1w = (36)

So that steady state output can be written as

Y:< m@-#))y# (37)

§1(1—g)°(1+7¢

For the relative optimal price, we write (17) as

I (“W—HH>18 (38)

1l—w
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For price dispersion, we then write
2]
1— _ . o 0—1\ 9—1
1 — wII? 1 — wII? 1—w

Evaluating (52) at the steady state gives
I R D oy sl (- wne-l) ™9~ 1 (1 - W) (1 — (WA )T)

0y ep0  \ 1-w =T

40

Firm profits we can write as
(41)

Then we turn to the government budget constraint. In steady state (19) reduces to
(42)

9

| o

= (14 79)g — 7'ws — 7° +

=l

: (43)

_ ﬁ(%’w§+ 7¢ = (1+7°9)
=5

which gives

jwpll

Steady state government spending and taxes must be equal to their steady state dis-

cretionary parts
DS =g, DLT =7, DCT = 7°.

Finally we, assume that households value real bond holdings relative to consumption

such that, in steady state they make optimal decisions. It then follows from (9) and (43)

3 (44)

that
o1 ((f 'ws
(
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B Log-linearized model

In this Section, I log-linearize the model equations around the steady state.

B.1 Households

The log linearized optimality conditions of the households (including budget constraints)

are given by

i i L. R Ti, —Tr
Ci=Ciy = (i —Fra H b =& = SL0), T =t L4 T =1 (45)
- e b 7S b .. b
biyri1 = 0Cip + 71 :r?_c + ;Et?’t-i-T + ;(§t+T+1 — &) (46)
H cio £ + b, + £ tt+1,..t+T (47)
- — - - Wr T T=1, PERE
e I I
_ wsll ‘ . . 1~ —. 1. =1
by, =——((1 = 7Y (Elb, + HY) — Ei#) 4+ =bl + b(i, — =Ei%,) + =— EIE,
+15(( _)(t ) t)ﬁ ( ﬁt)Yﬁt
1—g)I1 Ny
—%((1+TC)C;+%5>, T=tt+1,..t4+T (48)

where it is used that H = 5Y and g =1—g
Iterating the budget constraint 7" periods, and using the first order conditions of the
household, the following equation can be derived, that describes a households optimal

consumption decision in period t.
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_)) 1:[1 _BTJrl) CYZ _

- o
BT + <—w§ 1-7)+(1+7)1-3g
( as(1— 7' + (14 7 L
T —= T
T T - s Ly i Eifiey | 1o B 5 =l
bt + wSH(l o Tl) ;ﬁ ((1 + ;)(Etwﬂrs - 1t_t—7—i__l> _(EtftJrs o 1 _i_tic ) 7 go t=t+s
g i A
- (Ews(l —7) 4+ (1+7) ) H255 Z (Efiess — Eyftiej)
o _ ) . EiFt, — EiFt
- (;ws<1—7>+<1+7 )HZﬁ ( (Bjéeis — E@—%))
' (49)

T
- (1 - g)ﬁZB (Ethchs + EZBS(BEZ%H-S - E;ﬁ-t—&-s)
s=0 s=0

-1 b
— 1 % 7 A i b i b Ech
) jE:O ;(Etztﬂ- — E{ftyyjy1) — 5T+ E Viger — 87 E(E Cvr1 — Ejér) — BTHJ 1 —l—tﬁ;

Aggregating this equation over all households yields an expression for aggregate con-

sumption as a function of aggregate expectations about aggregate variables, only

_ o _1— BT\ .
(ﬁT“b + <—u‘1§(1 — Y+ (1 +7)(1 - g)) HW) C, =
77 —
a 1 E,7 1 Ey7e =l
7 T — s = A t s — t S — S/ —
by + wsII(1 — 7)) ;ﬁ ((1 + =) (Eytygs — 1 _t;t_l )+ E(Etgt-i-s 7 —|—t‘3>> + b ;5 (EiZtss)
o =
- (Zusti-+ @+ r0-9) HZﬂs Z (B — oy
o __ I Et%tc+s — Et%tc
— | —ws(1 — 1 II (Bibips — By — —12 —— 1
(an( )+ (1479 ) Zﬁ ( t&t+s — Eidy = )
T —
—(1-g)lI Z oa (EtTt+s +b Z B*(BEiys — Eifteys) (50)
s=0 s=0
=1 b b b E,7¢
= = . — = . t
— 3™ Z —(Eyitrj — Erjnn) — BT = Eyigyr — BT =(Ebpyri1 — Erlor) — 871 = —
o o o ol47¢

j=0
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B.2 Firms

Multiplying (15) by fi(ﬁic)); % gives

d ¢ Y, 0
n s t+s o Lt+s * 6
ggwsﬁ 1+ 76, ( tJJrs) Drss L) P — mmct+spif+s =0, (51)
This can be written as
* T 0—1
pi(j) oy sns Stts i = [ Prys
Yiis 52
Pt t SXZ;W ﬁ 1+ TtCJrS ( t+s) Pt t+ ( )
T 0
0 - s i v—o [ Pigs
] 508 ]
g1t ;W 5 L+ 78, ( t+s) P, Yirsmeiys,
Finally, we can eliminate prices, and instead write the equation in terms of d;(j) = Z%tj)
and in terms of inflation as
T 5 s 0—1
d(EY o= (CL) T [ e | Yirs = (53)
g 1478 e

S

0
0 rJ o s Qs 5 S j -0
0_1 ggw B 1_:J;tc+s (Cg+s) <H Ht+j> Yiismciys,

Jj=1

Log linearizing (53) gives

el A C M ) A P /P S TR N (Y
dt(j): gz<;_i) (}/t-&-s_got-&-s_ t+jj +€t+s) + gz : mct—i—s (54)

—0 S1 S2 1+ 7¢ g S1
T s s s
rB Y (09 - ') Yo
s=1 51 52 i=1
with
¢ = wpl’? (55)
co = wPI?! (56)
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Plugging in (59) gives

R 1—wH91 L
= | B (0

s=

+EtzT: (9(2—11)8—(9

s=1

B.3 Final equations

= , 57
o1 1 — wpll? (57)
L (woll ) 59)
*2 1 — wpIlf-1
¢)" s ~ ()°
S = — 1 A~
322 ) <Y;t+s —0Cs — 1 _t:Tc +ft+s) + t; 5 MCtys
(59)
-1 ) Y
S2 °
=1
1— wH@—l 1
= —= /0 +(7)dj (60)

Hel)S s

To complete the model I first log-linearize the government budget constraint, (19), to

wSs

gt — 3

=

bt+1 =

™| =

(7 (b, + Hy) + 7)) —

(1 3)(FCy+ 7) + %Et B3, — %frt), (62)

| =
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Next, we can log linearize the market clearing condition, (20)
Yi=(1-9)C+ g, (63)

Next, I turn to aggregate labor

Ht=/01Ht<j>dj=/01n<j>dj=/01 (P;ﬁf))_edm:sm, (64)

-0
where s; = fo < tj )> dj is price dispersion in the economy in period ¢. Linearizing this

equation and aggregating (47) wages and marginal costs can be written as

~c ~
. T,
me; = wy = nHy + oC; 1 t,c + 1_t7,_l —& (65)
~ ~c ~
~ gt Tt Tt ~
— 9w _
(77+1__)t Ul_g+1+7__c+1_7__l+778t &t

Because all prices in the economy where set at different dates by the Calvo mechanism,

price dispersion can be written as

s,f:(1—w)/01 (pigf)>0dj+w(1—w)/ol (pr_];t(j))_edeer(l—w)/ol (ﬁ%fj))%olﬁ...
1—wz / <p“ ) dj (66)

We can therefore write price dispersion as

1=

1
=(1- w)/ di(5)70dj + wilfs; 4 (67)
0
Price dispersion is log linearized to
— 1 ~ — —
8 = —0(1 — wII%) / dy(5)dj + 0wll?%, + wil®s, 4 (68)
0
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Using (60), this can be written as
AuTI1f—1 _
d 1), + wIl’s_,

1 — wIIf-1 (I =

§t:

Finally, we can write real aggregate firm profits as
() B
meYy(j)dg = (1 — megsy)Ys,

t

which can be log-linearized to
2 > Sw . .
o = t—l_gf(mct—}-st).
Using (20) in (50) results an expression for aggregate output
1- T __ 1:I T
— —bt + gt + (5258((1 — fl)EthS EtTt—‘rs) Z Et*—‘t—‘rs
5=0 5=0
T

T

s—1
- Mz g Z Eyiryj — Eiftey ) + F Z B°(BEirs — Erftres)
s=0

l_) T—-1 _ _
5T+1a_p Z(Eﬂtﬂ — Eyfter i) BT — FEyigyr
7=0
T —
06— e ) B (Bres — &) = BT L (Brrn — Biier)
s=1
55 ~c ﬁ<1_g) d s ﬁ(l_g) d s ~cC I ~c
il ) ; B E e+ BT ; B (Bt s — Eity) —
wslln + 1
P n
1— T wslll — 7
O
1-8 p 7
II /w5 1—3g
p=— I-7)+(1+7° >
C(Za-rraem
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(69)

(70)

(71)

(72)

b EtTt+T

T+1 Y
p opl+7°

(73)

(74)



bl’:ll

pe = (14792 (76)

ﬁ [ﬁT“an (nwsa — A+ 1+ 7)1 - g)) H%] (77)

I now assume that agents know, or have learned about the above relations between

p:

aggregate variables (which hold in every period). Therefore, expectations about wages
and profits can be substituted for, using (65) and (71). This gives the following system
of 3 equations that, together with a specification of monetary and fiscal policy and price

dispersion, completely describe our model

T T
o1- - o
(1 — I/y)Y pb +gt -+ 7/7-255 EtTt—i—s +Vg25s(Etgt+s) +Vy25 (Etn+s)
s=0 s=1
T B T
+vs Yy B(Eidiy) — p Z B Z(Etitﬂ'—l — Eyiti) + P > " B*(BEyisrs — Eiryes) (T8)
=0 s=1  j=1 =0
b b
- pr+l— Z(Eﬂtﬂ‘ — By ) — BT —Eyiy r
op = op

+0¢&s + Ve Z p* EtftJrs e Z B° EtftJrs &) — 5T+ (Etft+T+1 - Et€t+T)

s=1

T
( ) g =~ T+1 0 b EtTt+T
T1i7 —cTt + VcZB EtTt-i—S o ;B (EtTt—i—s — Ey7f) - B - op 1+ 70
T T T
T =Ey Z (Ky1(e1)® + kya(c2)®) Yigs + Ko By Z(Cz)s§t+s + ks By Z(Cl)s§t+s (79)
s=0 s=0 s=0
T T T
—+ licEt 2(02)57~‘f+5 —+ K,TEt Z(Cl)si—tl—&—s —+ Et Z (/@rl (Cl —+ liﬂ—g CQ Z T4
s=0 s=0 s=1
T
+ kel 2(02)8€t+s
s=0
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with

1 — 7 swil I
Ve =20 T— Sw, - —(1-9),
L+7¢ p(l+79) p

1— w1149

Kyt = oIt s
1= wIl’-11 - 1z_g
Ry2 = — w1 S5
1 — wII?t o
K, = — —
g wIIf-1 (1 — 9)52
1 — wII?1 n
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1 — wIIf-1 1
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B 1 —wII?t g

Kr1 oIf-1 3_1 (93)
1— w1 -1
,{/7'('2 - w]_:IG_l 82 (94)
1 — w11
= T, (%)

B.4 Zero inflation target
In case of IT = 0 the above model reduces to

~

T T T
1~ E i E S A E ST\
(1 - VyO)Y;f - p_bt + gt + Vro /BS(EtT;jl+s) + VgO /B (Etgt+8) + VyO B (EtY;—i-s)
0 5=0 s=0 s=1

(96)
T s B T
— oY B° Y (Eriryj1 — Evirgg) + " > B (BEviyss — Evitys)
s=1 7j=1 s=0
p It ;
THJ—/)O jZO(Etit+j — Eiftej) — 5T+10—p0Etit+T
T ~ T l_)
+ 0¢0&s + Veo Z B°Eiirs — Heo Z B (Eéigs — &) — 5T+15(Etft+T+1 — E&ir)
— 0
Seo L 1-9) d b Eyre
s — mo~c tit+T
T 147 T+ VCOZB Eyfy + ;5 (Bt — Ey) — 5T+1UPTJ;C
o =i+ ZwS@SEtYHS - Zw B° Eiirs (97)
T

~ ~ T s
K 5181 ~C K sQs i ~l ~ 5178 o~
- 1+;cz w'p Et7t+s+1_—ﬂ;w p Et7t+s+’f;“’ 8 ;Eﬂrt”,

45



1 1-g., 1- 1.
th:Bgt_E t — Gt) Tth+Ebt+b<Zt_E7rt)
_ ~ ~c ~
w | 0 v gt Tt Tt !
_ = 1 Y —
6|:T (( +77+1_—)t 01 g—i_l—’—'fc 1_77_1 gt)+Tt:|a
1
50:3&
Po 7
uo——<9(1—fl)+<1+“’>1_g)
Po \1 o 7
1-p" w1 -7
0 = —
1-8 po 71
1 1-3
= —(1+7
e Po( )U

n 1-3
1—w W o
o= (807 = 2 4 1),
W o
Vgo = (% —50(1 —Tl)> o
y w
70 p0<1_7_l)7
w
veo = 2 — 65(1 — 7,
0= of )
1—7 w (1—-9)
cl 5 - 9
O T R T (1 ) Po
1-— 1-—
_ (1-w-w)

W(l _ wT+1BT+1> '

46

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)



C Model under infinitely forward looking expecta-

tions

C.1 Output

When we let the planning horizon, T, go to infinity (72) can be written as

Y - _bt + o+ 6268 (-7 )((1 - a)EtFUAftJrs + @Efwﬁrs) —(1- )EFTH-S O‘Eth+s)+
s=0

(1 —ws) s . R
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Leading this equation 1 period and taking forward looking expectations gives
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s=1
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p
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Under the assumption (maintained throughout the main body of the paper) that
EfE! &5 = Eliyys for 1 < s < T, and plugging in backward-looking expectations

and wages and profits, output can be written recursively as

. . . 1 - .
(1- Vy)Y;f = (8- O‘ﬁ’/y)Eth;f—l—l + O‘BdQVth—l + ;(bt — Bbyy1) + (1 + Vg) —(B+ aﬁyg) i gt+1
+ aBd’ Vg1 + v (7 + aB(dF ) — B 7)) + va(8 + aB(d®81 — Bl §141))
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O B 1—g- » 1 1—g ,
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+(1“_@5(1—a)+a5 VE; mﬂ+(1“5ﬁad2 B%dQ)ﬁtq—%frt%—(%—%)(%t—i—aﬂ(d%t_l—EﬁH

where I follow the assumption that all agents can observe contemporaneous variables when
making their decision (but not yet when forming expectations), and the assumption that

backward-looking agents do not anticipate future shocks.

C.2 Inflation

When T goes to infinity, (79) can be written as

=t 4k Y () (1= ) Ef Yy, + aBlYyyy) (110)
s=0
Ro ) () (1= ) Ef s+ aBsis) + ki Y (1) (1 — a) B Ty + Bl Foys)
s=0 5=0
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with

o0 (e}
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Writing one period ahead an taking forward-looking expectations gives
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Plugging in expectations of backward-looking agents we can write
e =1 B Torn + U — a1 B e + (Vi + aci (d2Yio1 — Bl Yiga)) (114)
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and

e = EF i + ky2(Yy + aca(d?Yioy — Bl Yi4)) (115)

+ k(G + o (dPGi—1 — Bl Gir)) + k(78 + aco (P70 — Ef 7))
CoKn2

+ (1 — @) Bf ftp1 + aE)fpy) + ff&(ét - OZC2Etfét+1)

1—02

C.3 Fully rational expectations

Now, I consider the robustness of the assumption that forward-looking agents do not
anticipate how backward-looking agents will revise their expectations in future periods.
In case of an infinite planning horizon, forward-looking agents become fully rational when
they take account of how backward-looking agents will revise their expectations.

Following similar steps as above, output and inflation can then be written recursively

as

. . . 1 - - ) .
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and
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D Coefficient of mean reversion in expectations of
backward-looking agents.

The length of liquidity traps not only depends on how many backward-looking agents

there are in the economy and on their planning horizon, but also on how persistent these
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Figure 10: Length of liquidity trap in case of a lower auto-regressive coefficient in backward-
looking expectations of d = 0.5 for different fractions of backward-looking agents
(x-axis, ranging from 0 to 1) and different sizes of the (non-persistent) negative
preference shock (y-axis, ranging from 0.04 to 0.3). The different panels correspond
to different planning horizons. Darker color shades indicate a longer duration of the
liquidity trap. The fully white areas in the bottom 4 panels indicate liquidity traps
of infinite length with ever decreasing inflation and output (deflationary spirals).

agents expect variables to be. Under the benchmark calibration backward-looking agents
have an auto-regressive coefficient in their expectations of 0.85. When this coefficients is
reduced, the following happens in a liquidity trap. Backward-looking agents expect faster
mean reversion towards the target steady state and expect the situation of low output and
inflation not to last too long. This causes them to reduce consumption and prices less, so
that inflation and output will indeed recover faster. This is illustrated in Figure 10, where
the auto-regressive coefficient in expectations is reduced to 0.5. Liquidity traps now last
at most 2 periods, even for large planning horizons. Deflationary spirals now do not arise.

When on the other hand backward-looking agents expect lower mean reversion, they
reduce prices and consumption more in a liquidity trap, causing the liquidity trap to last
longer, and increasing the risk of falling in a deflationary spiral. Figure 11 depicts the

extreme case of an auto-regressive coefficient in expectations of 1 so that in a liquidity trap
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Figure 11: Length of liquidity trap in case of a lower auto-regressive coefficient in backward-
looking expectations of d = 1 for different fractions of backward-looking agents
(x-axis, ranging from 0 to 1) and different sizes of the (non-persistent) negative
preference shock (y-axis, ranging from 0.04 to 0.3). The different panels correspond
to different planning horizons. Darker color shades indicate a longer duration of the
liquidity trap. The fully white areas in the bottom 4 panels indicate liquidity traps
of infinite length with ever decreasing inflation and output (deflationary spirals).

backward-looking agents expect the liquidity trap to continue for all the periods within
their planning horizon. Now deflationary spirals arise even when the fraction of backward-
looking agents is not that large or when the planning horizon is small.

Note tough, that the qualitative result that large planning horizons lead to longer
liquidity traps and more deflationary spirals still holds, also for different values of the auto-
regressive coefficient in expectations. However, when the the auto-regressive coefficient is
reduced, differences between horizons become smaller, while they become more pronounced

as the the auto-regressive coefficient in expectations is increased.
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