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TAX RULES TO PREVENT
EXPECTATIONS-DRIVEN LIQUIDITY
TRAPS

YOICHIRO TAMANYU
Keio University

Multiple equilibria arise in standard New Keynesian models when the nominal interest
rate is set according to the Taylor rule and constrained by a zero lower bound (ZLB). One
of these equilibria is deflationary and referred to as an expectations-driven liquidity trap
(ELT) as it arises because of the de-anchoring of inflation expectations. This study
demonstrates that a simple tax rule responding to inflation can prevent a liquidity trap
from arising without increasing government spending or debt. We analytically investigate
the necessary and sufficient conditions to prevent an ELT and show that both the
frequency and persistence of ELT episodes affect the extent to which the tax rule must
respond to inflation. In brief, the higher the frequency or the longer the persistence of the
ELT, the greater the response of the tax rate must be.

Keywords: Expectations-Driven Liquidity Trap, Fiscal Policy, Monetary Policy, Regime
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1. INTRODUCTION

In the aftermath of the global financial crisis, more than a decade has now passed
since central banks found themselves constrained by a zero lower bound (ZLB)
on their policy rates. However, despite the subsequent global economic recov-
ery, inflation has remained stubbornly low in most countries and many central
banks have largely kept their policy rates virtually at zero. We often refer to sit-
uations like these where the policy rate remains stuck at the lower bound and
interest rates cannot fall further as a liquidity trap (LT). Because these LTs have
become a global phenomenon, investigating how the existence of the ZLB affects
the economy has become a central topic in modern macroeconomics.'

Among several issues arising from the existence of the ZLB, the seminal
paper by Benhabib et al. (2001) revealed that multiple equilibria emerge when
the central bank targets a positive inflation rate and the nominal interest rate
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is constrained by a lower bound. Their study further showed that one of these
equilibria is deflationary and the economy may become trapped in an LT without
any changes in the fundamentals. In contrast to the conventional LTs triggered
by large shocks to the fundamentals (fundamentals-driven LT, FLT hereafter),
subsequent literature has often referred to this deflationary equilibrium as the
expectations-driven LT (ELT) given it emerges solely by the de-anchoring of
agents’ inflation expectations.

With the prolonging of the shared experience of LTs and low inflation in many
countries, the multiplicity of equilibria and the prevention of the formation of
LTs have attracted a wide range of interest among academics and policymakers.
Existing studies have revealed that we can prevent ELTs by the effective use of
fiscal policy. For instance, Benhabib et al. (2002) propose a fiscal policy rule that
responds to inflation and leads to a violation of the transversality condition if the
economy were to converge to the deflationary steady state. Similarly, Schmidt
(2016) demonstrates that a fiscal rule designed to keep the real marginal cost
higher than a certain threshold can avoid any type of LT from arising.

However, large-scale fiscal stimulus to support the economy and the subsequent
surge in government debt calls into question whether policy measures proposed
in these extant studies are even plausible. This is because a policy that com-
mits to increase government spending or debt as long as inflation remains low
seems infeasible given the current situation where governments already face a
huge amount of outstanding debt. More generally, policies designed to increase
useless government spending only to create demand are considered unsustainable
in the long run.

This paper fills this gap and contributes to the literature by demonstrating that
a simple tax rule responding to inflation can prevent an ELT from arising with-
out any increase in government spending or debt. Rather than creating demand
through government expenditure, the proposed tax rule lowers the labor income
tax rate and encourages households to provide more labor once the pessimistic
expectations of agents prevail. Given that a simultaneous decline in both inflation
and output is the key element for the ELT to arise, the inflationary pressure caused
by the increase in labor supply eliminates agents’ beliefs that lead to ELTs.

The analysis builds on a standard linear New Keynesian dynamic stochastic
general equilibrium (DSGE) model featuring different types of shocks. To model
the self-fulfilling deflation, we introduce nonfundamental “regime shocks” that
force the economy to move between the targeted regime, where the inflation rate
is close to its target rate, and the unintended regime, where the inflation rate is
negative. In addition, we introduce shocks to the real interest rate into the model
to assess how the proposed tax rule operates with conventional FLTs.

The use of a log-linearized model enables us to investigate analytically the
necessary and sufficient conditions that the fiscal authority must satisfy to prevent
the ELT equilibrium. We show that the frequency and persistence of the ELT
episodes both affect the extent to which the tax rule must respond to inflation,
such that the higher the frequency or the longer the persistence of the ELT, the
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greater the response of the tax rate must be. Nonetheless, while the recurrence
of ELTs—switching between the targeted regime and the unintended regime—
has important implications for policy design, extant studies have paid relatively
less attention to the issue.> Therefore, this paper contributes to the literature by
showing that both the frequency and persistence of ELT episodes are crucial for
policy design.

This study demonstrates that the magnitude of the changes in the tax rate lies
well within a realistic range under standard calibration. We show that to prevent
the ELT equilibrium, the proposed tax rule requires the fiscal authority to cut
the labor income tax rate from 20% to 15% in response to a 2%-point decline
in annual inflation. However, we also show that if the response of the tax rate
is not sufficient, the fiscal authority not only fails to prevent the ELT but also
aggravates the declines in inflation and output in the ELT, relative to the case
of no tax rate changes. We also consider the case where the real interest rate
declines exogenously, and show that while this mitigates the decline in inflation,
output is further depressed if the fiscal authority adjusts only the labor income
tax rate to prevent the ELT equilibrium.

This study draws on the large literature focusing on policies to confront dif-
ferent types of LTs. Seminal work by Eggertsson and Woodford (2003) shows
that forward guidance can mitigate the declines in inflation and output in the FLT.
Subsequent studies such as Sugo and Ueda (2008) and Christiano and Takahashi
(2018) also argue that monetary policy can play a central role in avoiding the ELT,
while Schmitt-Grohé and Uribe (2017) find that raising the nominal interest rate
to its intended target for an extended period can boost inflationary expectations
and allow an escape from the ELT. These studies mainly focus on the use of mon-
etary policy, yet several recent analyses have emphasized the importance of fiscal
policy as a means to confront LTs.?

Although this paper examines the role of fiscal rules to prevent LTs, several
existing studies have already explored the effectiveness of exogenous policies in
an LT. Correia et al. (2013) focus on the FLT and show that appropriate tax policy
can deliver stimulus without the use of government spending. Mertens and Ravn
(2014) analytically consider fiscal policies in the ELT, concluding that supply-
side policies, such as tax cuts, are more effective than conventional demand-side
policies. Boneva et al. (2016) also show that tax cuts are effective in increasing
employment in the ELT. This study shares the finding that tax cuts are effective
under the ELT with these extant studies.

By comparing the economic outcomes between FLTs and ELTs under the pro-
posed tax rule, this paper contributes to recent studies exploring effective policies
under different LTs. Bilbiie (2018) compares the effects of different monetary
and fiscal policies between the two LTs and shows that neo-Fisherian policy is
effective in the ELT. Nakata and Schmidt (2019) provide a detailed analysis of
both types of LTs, although their focus is on policymakers optimizing an assigned
objective function and Cuba-Borda and Singh (2019) compare the ELT and the
secular stagnation equilibrium and obtain contrasting implications for different
monetary and fiscal policies.
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While the focus of this paper is to investigate theoretically the properties of
ELTs, some studies empirically explore their implications. Aruoba et al. (2018)
investigate whether the US and Japan have transitioned to a deflationary regime
using a nonlinear DSGE model and suggest that Japan is likely to have moved to
this regime in the late 1990s, whereas this is more unlikely for the USA. Hirose
(2020) estimates a medium-scale DSGE model around the deflationary steady
state, using Japanese data, and explores the model dynamics.

Finally, we can link this study to the literature on optimal taxation because it
proposes the use of distortionary taxes to prevent LTs. It is known that tax smooth-
ing is optimal if distortionary taxes are the only options (e.g. Barro (1979) and
Lucas and Stokey (1983)). However, recent studies have found that allowing vari-
ation in tax rates can be welfare improving under certain conditions. Hagedorn
(2010) studies a large class of models that feature various types of frictions and
finds the conditions under which tax cycles (time-varying tax rates) are wel-
fare improving. Arseneau and Chugh (2012) show that instead of tax smoothing,
“wedge smoothing” is desirable in a model with labor market search frictions.
This paper connects with this literature by showing that the effective use of dis-
tortionary taxes can improve welfare when different types of shocks disturb the
economy.

The remainder of this paper is organized as follows. Section 2 details the model.
Section 3 analyzes the design of tax rules to prevent the ELT equilibrium and
Section 4 examines how the assumption of recurrent ELT episodes influences the
results. Section 5 considers how the proposed tax rule operates in a model with
fundamental shocks. Section 6 concludes.

2. THE MODEL

This study builds on a canonical New Keynesian DSGE model, which consists
of three equilibrium equations: the downward-sloping demand equation derived
from the representative household’s optimization problem, the upward-sloping
supply equation derived from the firm’s optimization problem, and the monetary
policy rule.

With the absence of the ZLB on the nominal interest rate, there are no kinks in
the first two equations, and thus the equilibrium is determined uniquely. However,
the existence of the ZLB generates a kink in the demand equation, which leads
to multiple equilibria. Because only the most basic model is required to explore
the key properties of the ELT, existing studies have largely built on this canonical
three-equation model. In the following subsections, we provide the details of the
model.

2.1. Household

A representative household gains utility from consumption and disutility from
labor supply. The household maximizes its expected lifetime utility through the
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choice of consumption c;, labor supply /;, and bond holding b,, given prices and
subject to a budget constraint:

clre 1”+1 —1
max ]E, Z B’ 2 s s (1)
{crtslits bt+a 1 —0 n + 1
b b,
st oo+ Ié =(1 — T )wil, + l’_[—[‘ +d, 2)

where R; and I1, are the gross nominal interest rate and gross inflation rate, respec-
tively, w, is the real wage, d, is the dividend from intermediate goods firms, and
7,,, 18 labor income tax, which is allowed to vary over time.

From the first-order conditions, we derive the Euler equation (EE) and the wage
equation as

o 1
- ﬁRtEf [ t+1 HH_] } s (3)
g 1 1
_— = —. 4
[ 1 — 7, Wy @

The second equation shows that the labor income tax creates a wedge and affects
labor supply. Simply assuming that the consumption (c;) and the wage (w;) are
fixed, a lower income tax rate (| t,,) induces the household to increase labor sup-
ply (1 [,). This is the core mechanism through which the fiscal authority prevents
the ELT equilibrium in what follows.

2.2. Firms

There are two types of firms in the economy: a continuum of intermediate goods
producers and a final goods producer. The final goods producer uses intermediate
goods as the only input and has constant elasticity of substitution production tech-
nology. The final goods producer is perfectly competitive and takes both output
and input prices as given. The static profit maximization problem is as follows:

1
max Py, — / Piyidi, ®)
{ve.yie} 0

1 9 1 9071
s.t. y,:(/ Vil dl) . (6)
0

Perfect competition drives final goods producers’ profits to zero. From the first-
order conditions, we derive the demand for intermediate goods and the associated

price index:
Pi,t -
Yip = P i @)
t

1 =7
P, = < / Pi,‘%i) : @®)
0
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There is a continuum of intermediate goods producers indexed by i. These
producers are monopolistically competitive and incur quadratic price adjustment
costs as in Rotemberg (1982). Each producer uses labor as the input in production.
Firm i chooses optimal price P;, and labor input /;; given the current aggregate
output y, and aggregate price level P,. It then maximizes the present value of
discounted dividends after tax d,, as follows:

o0
max B Y Qcrpsdisis, )
{yi,H—s,P[,l+5ali,l+s};§0 =0
Piiys VU [ Pirgs 2
st digpg = ?M — Wetslises = o ( P[’:;l —1) Yy (10)
Yitts = li,l+s, (11)
P\’
Yieks = ( = ) Yitss (12)
Pt+s
where the real stochastic discount factor is defined as
Qcrvs =B'c, S (13)

Combining the first-order conditions and imposing symmetry across firms, we
derive the Philips Curve (PC) as follows:
Crt Vivl

— — V(g1 — 1)1'It+1] . (14

t Vi

w(H,—l)H,—Ow,—i—O—l:,B]E,[

The aggregate production function and dividend payouts are
Vi = lt ) (15)

d =y, — wil, %(n, ~ 1y, (16)

2.3. Central bank and fiscal authority

The central bank sets the interest rate following the standard Taylor rule with the
net nominal interest rate bounded from below by zero:

1
R,=max |1, —I1%" |. (17)
B
For simplicity, we assume that the interest rate responds only to inflation and not

to output.

In this study, we assume that only distortionary taxes are available to finance
government spending. Moreover, we allow the tax rate on labor income to vary
over time. The government’s budget constraint is then

bt—l

R_t + Wil = + & (18)

1 t
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We further assume that government spending is determined endogenously. That
is, the total amount of tax revenue constrains the amount of goods that the fiscal
authority purchases:

Ty Wily = g 19)

Therefore, the fiscal authority does not issue bonds in equilibrium (b, = 0). Hence,
a decrease in tax revenue results in a decrease in government spending, and this
affects household income.

Most existing studies allow lump-sum transfers to isolate the marginal effect
of government spending on household income. A model with a lump-sum trans-
fer and government-spending rule nests in the results of this paper, as shown in
Appendix C in Supplementary Material. Therefore, the main results of this study
carry over to models that retain exogenous government spending.*

Existing studies such as Benhabib et al. (2002) and Schmidt (2016) show
that fiscal rules responding to inflation can avoid the ELT. Following these find-
ings, we assume that the labor income tax rate is a function of inflation in the
following form:

Ty = rWI"I;\W. (20)

The fiscal authority adjusts the tax rate depending on the current inflation rate.
The parameter A,, governs how aggressively the fiscal authority adjusts the tax
rate in response to changes in inflation and is referred to as the “tax response
parameter.” If the tax response parameter is positive, the fiscal authority lowers
the tax rate in response to a decline in inflation.

There have been observations in the past where tax rates have changed depend-
ing on economic conditions. For example, the Jobs and Growth Tax Relief
Reconciliation Act of 2003 in the USA included cutting the tax rates on labor
income and dividends, while the UK reduced its value-added tax rates through-
out 2009. Although adjusting tax rates flexibly may face legislative challenges, we
can view the assumption that tax rates vary depending on inflation as an extension
to past examples where the adjustment in tax rates was to stimulate the economy.

Another rationale to link the tax rate with inflation lies in the fact that the
current tax system is distortionary, and inflation has unequal effects on resource
allocation. For example, Feldstein (1999) and Ueda (2001) estimate the welfare
loss of distortionary taxation in the USA and Japan, respectively, and discuss
the benefits of low inflation. While the legislative feasibility remains a chal-
lenge, Feldstein (1999) claims that indexing tax rates to inflation resolves such
distortions and improves welfare.

In this study, the fiscal authority selects labor income tax as the policy instru-
ment to influence the household’s labor supply directly. As we show in the
following analysis, the fiscal authority can prevent an ELT from arising by com-
mitting to lowering the labor income tax rate if the agent’s pessimistic belief were
to materialize and inflation to decline. Appendix B in Supplementary Material
shows that the fiscal authority can prevent the ELT equilibrium by adjusting either
the dividend tax or the consumption tax instead of the labor tax, while tax rates
must be raised in response to a decline in inflation.
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2.4. Equilibrium conditions

The resource constraint of the entire economy is derived by combining equations
(2), (16), and (18) as

14
¢+ gt 5 (M= Dy =y (21)
Equations (3), (4), (14), (15), (17), (20), and (21) comprise the equilibrium condi-

tions. We summarize the nonlinear equilibrium conditions other than the tax rule
as the following four equations:

1
¢, =BRE, |:Ct_+”1 T ] , (22)
t+1
0cTy! €1 Vit
Y, — DI, — . +60 —1=8E, CT(,_w(HH-l = DIy |, (23)
— twit t t
|-
R, =max |1, =TI;" |, (24)
B
Ty, o
Vi |:1 - %(HI - 1)2] =c¢+ 1 _; C; Y?H- (25)
— twt

Equilibrium conditions (22)—(25) may exhibit two different steady states. Let us
call the deterministic steady state with positive inflation the “targeted steady state”
and denote it by the subscript TSS. The steady-state values in the TSS are

1

Rrss = E, (26)
o1 T 617 7%

Yrss = [T(l - Tw)] |:1 — Ty 0 ] s (27)
o1 T o — 177

Crss = [T(l - Tw):| |:1 — Ty 9 :| . (28)

The following equilibrium conditions are derived by log-linearizing the tax rule
(20) and the equilibrium conditions (22)—(25) around the TSS:

R R L /s N
¢ =K1 — ; (lt - ]EtﬂH—l) 5 (29)
R R 0—1, 0—1, 6—1 1, .
7 =PBE 4 +o " ¢ +n " Y — v 1—1, Tw,ts (30)
i, = max [log B, ¢ﬂﬁ,] , 31
fw,l‘ = )‘-wﬁt’ (32)
y_\&t = ycet + Vr,wfw,t’ (33)
0—1 CTSS 0—1 6—1 Ty
here y,=1— 1 Ty Vo= —— —_— Ty, Ve = ——— .
where y, n+1H— Y yTss+G 5 Yr. 0 1-z,
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In equation (31), the ZLB is imposed on the nominal interest rate after log-
linearization. The variables with hats are the log deviations from the TSS values,
ie. X, =logx, — log x7ss.

After substitution, the equilibrium conditions simplify to the following EE and
PC with two variables 77; and y; as

. . . 1 . . .
V=& +Eyip — pu (max [log B, ¢:r7Tt] - Et”t-H) — EE 111, (34)

(1 +§)ﬁt:K§)[+ﬂElﬁ[+], (35)

9 - 1 ) w 9 - 1 w w
where k= —<n —i—crﬁ), &= Yz, Ay, = —(0’ Yz, + T—)XW.
Tﬂ Ve yy 1// Ye 1 - Ty

The log-linearized model allows us to derive closed-form solutions. Therefore,
we explore effective tax rules using this model in the remainder of this paper.

Because we focus on a large fall in the real interest rate in later analysis, it is
useful to define the real interest rate as follows:

. . . 1 N . " .
V=8 + Edrp — o (max [10g B, ¢n77t] s ”z) —EE 111,
(36)
(A + )7t =« + PE 1. (37)

The above representation is a reduced form to capture changes in the real interest
rate triggered by exogenous shocks, such as changes in household preferences.
The real interest rate, r}, is an exogenous process and zero at the normal state and
negative at the crisis state.

2.5. Ensuring local determinacy around the targeted steady state

Local indeterminacy may arise under certain parameterizations given that our pro-
posed tax rule depends on the current inflation rate. When the ZLLB does not bind,
we express the equilibrium conditions (34) and (35) as the following state space

representation:
|:):tj| —A |:Et{t+l:| ’ (38)
T ;741
o [(1 + 00 (1+0)(1 —£0) — B(x —so)]
where A = 3 . .
1+§+x(7”—$> o po +x(l =40

Applying the Blanchard—Kahn conditions, we derive the following condition on
the tax response parameters.
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PROPOSITION 1. The log-linearized rational expectations equilibrium
is locally determinate if the fiscal authority sets A lower than the threshold
level WP as

A<l—Bt¢,=wP, (39)
o

6—1 w w
where AE&K—{=7<77)/;’ —1TT>XW.
y - tw

Proof. See Appendix A.l in Supplementary Material. |

The proposition is a generalized statement of the Taylor principle, which
requires the central bank to raise the nominal interest rate more than the increase
in the inflation rate. Given that the tax response parameter X, as well as the
Taylor coefficient ¢, affect the equilibrium inflation rate, both parameters must
be chosen appropriately to assure local determinacy. Further, because a policy that
generates indeterminacy locally around the TSS is not an appropriate option, we
focus on tax rules satisfying the local determinacy condition (39) in the remaining
analysis.

2.6. Calibration

In the model, we assume that a period corresponds to a quarter. The discount fac-
tor is set to f =0.996, which yields an annual real interest rate of 1.6%. This
relatively low level of real interest rate is common in recent studies on LTs. The
elasticity of intertemporal substitution is chosen to be o = 1, which is a stan-
dard calibration in the literature. The Frisch elasticity of labor substitution is set
to n =0.4, a value in line with the estimates by existing studies such as Boneva
et al. (2016) and Smets and Wouters (2007), with parameter elasticities of 0.37
and 0.55, respectively. The elasticity of substitution between intermediate goods
is set to 6 = 6, which yields a markup of 20%. This value is consistent with the
estimates of existing studies such as Broda and Weinstein (2006), which report
that the median value of 6 ranges from 3 to 4.3, while Denes et al. (2013) esti-
mate 0 to be approximately 13. The price adjustment cost is set to ¥ =400, a
calibration that lies between the estimates of Ireland (2003) and Boneva et al.
(2016) of 162 and 495 for the parameter, respectively.

The target net inflation rate is set equal to zero (a stable price level) and the
Taylor coefficient is set to ¢, = 1.5, which is a standard value in New Keynesian
models. The long-run labor income tax rate is set to 7,, = 0.20 following existing
studies such as Mertens and Ravn (2014) and Boneva et al. (2016). These calibra-
tions in total yield a consumption-to-output ratio of czgs/yrss = 0.83 in the TSS.

3. PREVENTING ELT WITH NONFUNDAMENTAL SHOCKS

In this section, we introduce nonfundamental shocks that bring the economy into
an LT without any changes in the fundamentals and characterize analytically the
conditions under which the fiscal authority can prevent the ELT from arising.
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3.1. Nonfundamental regime shocks

Given that our primary interest is to investigate how we can design a fiscal policy
to prevent an ELT, we abstract from fundamental shocks and assume that there are
only two regimes in the economy: one is the “targeted regime” where inflation is
near the central bank’s target, while the other is the “unintended regime” where
the central bank misses its inflation target and the interest rate is stuck at zero.
There is a nonfundamental shock s, or “regime shock” that follows a two-state
Markov process. The economy is in the “targeted regime” if s, =T and in the
“unintended regime” if s, = U. Regime shock s, is revealed at the beginning of the
period, which is observed by the household and firms. Private agents coordinate
their decisions, and therefore their information sets when forming expectations
include the current realization of s,. The transition probability is as follows:

Prob(s; = Tlsi.1 = T) = pr, (40)
Prob(s, = Uls,_1 = U) = py. (41)

Equilibrium inflation and output are denoted by 7 in the targeted regime and U in
the unintended regime.

In general, the Taylor principle is not satisfied in the ELT because the nominal
interest rate is constant at zero. Therefore, local indeterminacy may arise and an
infinite number of equilibria can exist. One approach to handle this local indeter-
minacy is to introduce additional sunspot shocks as in Hirose (2020). However,
because the goal of this paper is to prevent the ELT from arising and indetermi-
nacy will not occur if it is achieved, we rule out such equilibria from our analysis.

3.2. Equilibrium inflation and output

We assume that the targeted regime is absorbing and impose the restriction py = 1
on the transition probability. The advantage of an absorbing steady-state assump-
tion is that it allows a graphical representation of the relation between the PC and
the EE. This assumption is relaxed in the following section.

Whether an equilibrium exists in the unintended regime depends on the cali-
bration. Let us first assume that we do not exclude the unintended regime from
the equilibrium. In the targeted regime, the inflation rate is close to the target and
the ZLB on the interest rate does not bind, while inflation is low and the interest
rate remains stuck at zero in the unintended regime. We state these assumptions
more formally as

1 N
ﬁTZ o ’3 and l'TI(ﬁnﬁ'T, (42)

g
log B

A

Ty <

and iy = log B. 43)
T

When the targeted regime is absorbing, equilibrium inflation and output in the

targeted regime are equivalent to those in the deterministic TSS, i.e. y7 = y755s =0

and 77 = 7t7ss = 0. This indicates that the first assumption (42) is satisfied in the

targeted regime.
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We obtain equilibrium inflation and output in the unintended regime by solving
for the intersections of the EE and PC:

. .1 . I N .
YU=SJTU—;maX [log B, ¢-7v ] +pU(YU+;7TU_S7TU>, (44)

Ty =Kkyy — {y + Bpulty. (45)
The EE divides into two sections. When the ZLB does not bind, the Taylor rule is
active with the EE expressed as
N [ 1 pU ¢7f
(1—pv)
Conversely, when the ZLB binds, the Taylor rule is inactive with the EE
expressed as

+‘§i| y. (46)

by= -t Lo ﬁ+[ v
W U —pp) 8 (1 -pv)

Assuming that condition (43) is satisfied, inflation and output in the unintended
regime can be obtained by solving equations (45) and (47) as

+%‘} Ty (47)

logB «
o 1—pyo
fy = by T (48)
A== Bpu)+ 1 -
—Puo

Sy = l—pyB+¢ . (49)

Let us consider the case where the tax rate does not respond to inflation at all
(A =0). Figure 1 illustrates the PC and the kinked EE in the unintended regime
with py = 0.92. As shown, the EE is downward sloping in the region where the
ZLB on the interest rate does not bind. In this case, the Taylor principle is satisfied
and the central bank can lower the real interest rate in response to a decline in
inflation. In contrast, the EE is upward sloping in the region where the ZLB binds.
In this case, the central bank cannot lower its policy rate even if the inflation rate
declines, which leads to an increase in the real interest rate.

The PC is upward sloping regardless of the inflation rate, which captures the
standard relation that an increase in output creates upward pressure on inflation.
The intersection of the PC and the upward-sloping part of the EE is the equilib-
rium in the unintended regime, which we refer to as the ELT equilibrium in the
remainder of the paper.

Even if the tax rate does not respond to inflation at all, the ELT equilibrium
may not exist under certain parameterizations. Figure 1 depicts an example in
which the ELT equilibrium does not exist. We derive the condition more formally
as follows.

PROPOSITION 2. Assume that the tax rate does not respond to inflation
(Aw=0). The ELT equilibrium exists if and only if p < py < 1 is satisfied
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0.92 and Ay, = 0). (pr = 0.70 and X, = 0).

FIGURE 1. Euler equation and Philips curve with no policy intervention.

] 1, « 1 1, k) _1
whereg:z(l—i—ﬁ—i-ﬁ)— 2(14_34_%) -5
Proof. See Appendix A.2 in Supplementary Material. |

Proposition 2 demonstrates that the existence of the ELT equilibrium is affected
by the parameterization of the transition probability py. As we can observe from
the right-hand side of Figure 1, a simultaneous decline in both output and inflation
is the key element of the ELT equilibrium. When the probability of returning to
the targeted regime is high (py < p) and agents expect to escape from the ELT in a
relatively short period, the firm’s forward-looking price-setting behavior implies a
higher current inflation rate in the ELT equilibrium. Such a higher current inflation
rate is not consistent with the depressed output and labor input, which contradicts
the existence of the ELT equilibrium.

The prolonged experience of a zero interest rate in many advanced economies
suggests that the probability of remaining in the ELT is likely to be sufficiently
high. For example, Boneva et al. (2016) assume py = 0.92 for their baseline cal-
ibration, while Aruoba et al. (2018) select py = 0.95. Therefore, it is natural to
assume that the relevant case in our study is the situation shown on the left-hand
side of Figure 1, where the probability of remaining in the unintended regime is
high and policy intervention is necessary to prevent the ELT equilibrium. In the
remaining analysis, we set py = 0.92 as the benchmark, which is higher than the
lower bound p >~ 0.89 under our calibration.

3.3. Preventing the ELT equilibrium by adjusting the labor income tax rate

Let us assume that the fiscal authority chooses a suitable tax response parameter
A, to prevent the ELT equilibrium. Our previous observation that the existence
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tax rate adjustment (A, = ¥y). rate is insufficient (A, = 0.37,,)

FIGURE 2. Euler equation and Philips curve with policy intervention.

of the ELT equilibrium depends on the model parameterization motivates us
to explore whether fiscal policy can play an active role in preventing the ELT
equilibrium.

PROPOSITION 3. The ELT equilibrium does not exist if and only if the fiscal
authority sets A equal to or lower than the threshold V as

A<l—Bpy— X PV _y, (50)
ol—py
Proof. See Appendix A.3 in Supplementary Material. |

Proposition 3 demonstrates that the fiscal authority can avoid the ELT equi-
librium as long as the tax rate responds sufficiently in response to changes in
inflation. Condition (50) can be modified as follows:

¥ 1t Vew)
p—— - - U=y, >0. (51)
@—-—Dnp\nl—-7, y

The above inequality shows that as long as the fiscal authority sets the tax
response parameter X,, equal to or higher than the threshold value W,,, the ELT
equilibrium does not exist.

The left-hand side of Figure 2 depicts the EE and the PC in the unintended
regime when A,, is set equal to W,,. The slopes of the EE and the PC are parallel
in the region where the ZLB binds, which indicates that the ELT equilibrium
does not exist. The partial derivative dW,,/dpy > 0 shows that to avoid the ELT
equilibrium, the fiscal authority must set the tax response parameter A,, higher as
the probability of remaining in the ELT becomes higher.

How does the labor income tax rate affect the equilibrium inflation and output?
As we can observe from equation (4), changes in the labor income tax rate alter
the effective real wage faced by the representative household and thus change its
labor supply. Provided that 1, is positive, an increase in the inflation rate raises
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the labor income tax rate, which discourages the household from supplying labor.
This reduction in labor supply mitigates the inflationary pressure caused by an
increase in the marginal cost and offsets the rise in inflation.

The tax rule also affects the EE because we have assumed that government
spending is determined endogenously and changes in the labor income tax rate
affect household income. An increase in the inflation rate leads to a rise in the
labor income tax rate, and the resultant decline in the labor supply caused by the
increase in the tax rate reduces household income. In the region where the ZLB
does not bind, in addition to the intertemporal substitution effect caused by the
increase in real interest rate, the decrease in income causes current consumption
and output to decrease.

In the region where the ZLB binds, the Taylor rule is inactive and an increase
in the inflation rate decreases the real interest rate, which induces the house-
hold to increase consumption through intertemporal substitution. However, the
decrease in income caused by the rise in the labor income tax rate partly offsets
this increase in consumption.

As shown in Appendix A.3 in Supplementary Material, W is always negative
when p < py < 1 is satisfied. The relation between the transition probability and
the threshold level is as follows.

PROPOSITION 4. The threshold level V is decreasing in transition probabil-
ity pu.
Proof. See Appendix A.4 in Supplementary Material. ]

Thus, the greater the probability of remaining at the ELT, the more aggres-
sively the fiscal authority must react to inflation. Namely, the fiscal authority must
lower the labor income tax rate to a greater extent if the persistence of the ELT
equilibrium becomes higher.

3.4. Practical relevance of the tax rule and some caveats

What is the magnitude of the variation in tax rate if the fiscal authority aims
to prevent the ELT equilibrium? In the baseline calibration, the fiscal authority is
required to set the tax response parameter to ,, >~ 48. Given that one period equals
one quarter in the model, A7, = —0.5% is equivalent to a 2%-point decline in the
annual inflation rate. Because we calibrate the labor income tax rate t,, to 20%,
the magnitude of the variation in the tax rate is well within a realistic range: that is,
in response to a 2%-point decline in the annual inflation rate, the fiscal authority
cuts the labor income tax rate from 20% to 15%.°

The caveat of the proposed tax rule is that if the response parameter A,, is not
sufficiently large, the fiscal authority not only fails to prevent the ELT equilibrium,
but also aggravates the declines in inflation and output in the ELT. The right-hand
side of Figure 2 depicts the case where the policy parameter is set to A,, = 0.3Y,,,
which does not satisfy the condition stated in Proposition 3. Because the tax rate
does not sufficiently respond to inflation, the fiscal authority fails to eliminate
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the private sector’s pessimistic expectations and the economy becomes trapped
in the ELT. The inflation rate and output are then even lower than in the case
where the tax rate does not respond to inflation at all.

3.5. Connections with Schmidt (2016)

The key findings discussed so far are closely related to those of Schmidt (2016).
Both studies share the policy implication that a properly designed fiscal policy
can prevent the ELT from arising by stopping real marginal cost from falling.
However, some significant differences are worth noting.

First, Proposition 3 in this paper entails both the necessary and sufficient
conditions to prevent the ELT, while those presented in Schmidt (2016) are
mere sufficient conditions. More specifically, in the steady state, we express the
nonlinear PC in equation (14) as follows:

oyl 6-1
CssYss _ ﬂ(l — B)(Igs — DIgs. (52)
1 — 7,55 0 ¢

Schmidt (2016) proposes a wide class of fiscal rules that prevent ELT by violating
the above nonlinear equilibrium condition (52), while the present analysis chooses
a specific tax rule and derives the condition to prevent ELT by directly working
with the solutions of the log-linearized model. As such, this study formally derives
the relation between the tax response parameters (A) and the persistence of the
ELT (py), and analytically shows the conditions under which the ELT equilibrium
does not exist.

Second, the mechanism to prevent ELTs in Schmidt (2016) is to create demand
through government expenditure; the design of the expenditure rule is such that
the marginal cost of labor never declines below a certain threshold, no matter the
cause of the decline. However, if financed by the lump-sum tax, the proposed
fiscal rule implicitly assumes the government raises its tax collection to match
expenditure. In contrast to this demand-side policy, this paper presents a supply-
side policy that encourages the household to supply more labor if a self-fulfilling
deflation were to emerge. We can then view the proposed rule as more favorable
under the current situation where government debt has become large.

4. PREVENTING RECURRENT ELT EPISODES

In the previous section, we confirmed that the proposed tax rule prevents the ELT
equilibrium under simplified assumptions. In this section, we relax the assump-
tion that the unintended regime is absorbing and instead assume that the ELT is
recurrent.

The recent study by Coyle and Nakata (2019) considers a model that assumes
recurrent ELT episodes and finds that even a small probability of switching back
to the ELT can significantly affect the optimal inflation rate. We show that while
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the qualitative results in the absorbing case carry over to the recurrent case, the
fiscal authority must adjust the tax rate more compared with the absorbing case.

4.1. Equilibrium inflation and output

We first do not exclude the unintended regime from the equilibrium. In the tar-
geted regime, the inflation rate is close to the target and the ZLB on the interest
rate does not bind, while inflation is low and the interest rate is stuck at zero in
the unintended regime. We state these assumptions formally as follows:

A

T =

0P and iy = gadr, (53)
T

log B

A

Ty <

and iy =log B. (54)

T

When the ZLB does not bind as in inequality (53), the Taylor rule is active.
Equilibrium conditions in the targeted regime are then

1 71_1,\ ~ A~ 1
5’T=)A’U__¢ it + (fr — #v) (E——>, (55)
ol—pr o
(1 = Bpr + O)ar = Bl — pr)ity + k7. (56)

Alternatively, when the ZLB binds as in inequality (54), the Taylor rule is inactive.
Equilibrium conditions in the unintended regime are then

N N 1 11 . . 1
Yu=yr—— log B+ — ay+ @y —ar)(§—— ),
ol—py ol—py o
(87)
(1= Bpu + Oy =B — pu)Ar +«Ju. (58)
The four equations (55)—(58) comprise the equilibrium conditions for the two

regimes.

Whether the above linear system has an equilibrium satisfying both assump-
tions (53) and (54) depends on the model parameters. Solving equations
(55)—(58), we derive the following equilibrium inflation rates for each regime:

d — QA

=1 T _OVA L’ 59
Tl g Ay (59)
Ar = Q (fy —log §) . (60)
1= 1—Bpr1— 1
where Q = PT o= pB(1 —pr) + Bpr1—pr  «
¢7T_11—pU ¢7f_11_pU O_l_pU
1 —pr k1 1 —pr Bpr 1 —pr
1 Y =— 1—p
(+¢”_1) UI_PU(pU+¢n— ) 4 T)+¢—11—PU
Bl —pr)
(1 — -
( ,BPU)—i-—%_l
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Solutions (59) and (60) show that when both regimes are recurrent, the equilib-
rium inflation rate is affected by both transition probabilities py and py .

4.2. Conditions to prevent recurrent ELTs

Let us first assume that the tax rate does not respond to inflation (4,, = 0). We can
then derive the following condition under which the ELT equilibrium exists.

PROPOSITION 5. Assume that the tax rate does not respond to inflation
(Ay =0). The ELT equilibrium exists if and only if ¢, > Y > 0 is satisfied.

Proof. See Appendix A.5 in Supplementary Material. |

The above condition is analogous to that in Proposition 2, which claims that
the ELT equilibrium exists only under a certain combination of parameters. In
particular, the existence of the ELT equilibrium depends on both probabilities
prand py.

We can derive the condition under which the fiscal authority prevents the ELT.

PROPOSITION 6. The ELT equilibrium does not exist if and only if the fiscal
authority sets A equal to or lower than the threshold V as

T -

A<——=V. (61)
1-Q
Proof. See Appendix A.6 in Supplementary Material. [ |
The condition can be modified as
1 w W - T =

hyz - (— i —yn> J=3,>0. (62)

(0 - 1)’7 n I - Tw Vy

Taking the derivative of W with respect to transition probabilities py and pr, we
obtain the following two relations:

ﬂ_ p K 1 (63)
=—fB—— 2°

9pu G(PU—1+;5N__p€>

ok e — )

opr O[1=pr+@u—1 (¢ — 1]

The former derivative (63) is negative for any combination of py and pr, which
indicates that the fiscal authority must set A, larger as the persistence of the
unintended regime becomes longer.

The latter derivative (64) is positive when the following inequality is satisfied:

pr>14+@u—Dg —D=p,.. (65)

Under the benchmark calibration of py = 0.92, the cutoff value is p,= 0.96. The
inequality shows that the fiscal policy needs to respond to inflation more as the
probability of switching back to the unintended regime (1 — pr) becomes higher.
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FIGURE 3. Threshold value W,, under different transition probabilities py.

Figure 3 shows how the threshold W,, changes depending on the transition
probability pr. Given \IIW — W, holds as py — 1, the qualitative results in the
absorbing case carry over to the case of recurrent ELT episodes. Besides, because
pr is close to one, the size of the tax response parameter is little affected by
the recurrence of the ELT equilibrium. For example, pr = 0.99 is associated with
the tax response parameter of W,, ~ 76. However, as the probability of switching
back to the unintended regime becomes higher and approaches the bifurcation
point pr — Py U, increases significantly.

Why do both the frequency and persistence of the unintended regime mat-
ter? Intuitively, both a higher frequency (1 — pr) and a longer persistence (py)
increase the average duration of remaining in the unintended regime. As the dura-
tion becomes longer, agents come to believe that expected inflation remains low
on average even in the intended regime. In such a case, a modest drop in current
output and inflation suffices for the self-fulfilling deflation to materialize; the fis-
cal authority should not tolerate even a modest decline in inflation to avoid the
ELT. To eliminate such deflationary expectations, the authority must commit to
lowering the labor income tax rate more in response to a decline in inflation.

5. THE ROLE OF TAX RULES WITH FUNDAMENTAL SHOCKS

In this section, we examine how the inflation-sensitive tax rule performs in the
stylized model with fundamental shocks. We show that the proposed tax rule can
mitigate the declines in inflation in an LT triggered by a severe fall in the real
interest rate, while output falls further if only the labor income tax rate adjusts.

5.1. Real interest rate shocks

Following the existing studies on FLTs such as Eggertsson and Woodford (2003),
we assume that the real interest rate 7" is stochastic.® Let us consider a two-state
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Markov model where the real interest rate takes r;' = r; in the “normal state” and
r} =rj in the “crisis state.” The transition probability is

Prob (r} = rjIr_y =rjy) =iy, (66)
Prob (r:l =rr_, = rﬁ) =p;. (67)

To facilitate comparability with existing work, let us assume that the normal state
is absorbing and pj, = 1 in the remaining analysis.

5.2. Equilibrium inflation and output

When the normal state is absorbing, inflation and output in the normal state are
equivalent to those in the targeted deterministic steady state, i.e. Yy = 755 =0
and 7y = 7iggs = 0. The real interest rate in the normal state is 7}, = 0.
Equilibrium inflation and output in the crisis state can be obtained by solving
for the intersections of the EE and the PC with the real interest rate set to r}! = r7 as

A 1 A 1 n A * |8 1 o Z
Ji=—— max [log B, ¢ 7] + ) +&RL+p; |:yL + —FL - EnL:| . (68)

AL =pBAL + kI — (AL (69)

Let us assume that the fall in the real interest rate is sufficiently large and
r; =-0.01 <log B.

Whether an equilibrium exists in the crisis state depends on the parameteriza-
tion. Let us first assume that an equilibrium exists in the crisis state. Following
similar steps to the case with regime shocks, inflation and output in the crisis state
can be solved as

-1l K
1—p; 1
pL0¢ e (fﬂ
A=(t=pri) =T '
L= - : (70)
logB—r] k
1—p; 1
PL "p* —if 7 < ‘:fﬁ
A—(l—ﬁp’i)Jrl_Lp*; T
L

"
$r= 1=prp+¢ . (71)
The above solution shows that whether the ZLLB binds in the crisis state depends
on the choice of the parameters.

Let us first consider the case where the tax rate does not respond to inflation
(A, =0). Similar to the case with regime shocks, we can establish the following
proposition.

https://doi.org/10.1017/5136510052000067X Published online by Cambridge University Press


https://doi.org/10.1017/S136510052000067X

1584 YOICHIRO TAMANYU

PROPOSITION 7. Assume that the tax rate does not respond to inflation
(Aw=0). An equilibrium exists in the crisis state if and only if 0 <pj <p. In
particular, the equilibrium exhibits an LT if and only if p; <p; <p

D RS RIS WY & S 'S S RN S S
where py = (1+ § + ) /4(”;3*0/8) B T opTogp"
Proof. See Appendix A.7 in Supplementary Material. ]

Proposition 7 asserts that p; cannot be too high for the equilibrium to exist
in the crisis state: this is a feature often pointed out in the literature. Note that
for the equilibrium in both the crisis state and the unintended regime to exist,
P} <p < py must be satisfied. If the decline in the real interest rate is relatively
short lived (0 < pj <p+), the ZLB may not bind in the crisis state. Given that our
primary interest is to explore policies in the LT, we rule out such occasions and
restrict our focus to the case where ZLB binds in the crisis state (p; < pj < p). As
a benchmark, we set the probability of remaining in the crisis state to p; =0.85,
which is between the lower bound p+ 2~ 0.79 and the upper bound p >~ 0.89 under
our calibration. B

Next, let us assume that the fiscal authority makes a suitable choice on the tax
response parameter to avoid the ELT. The following proposition formally estab-
lishes the effect of the inflation-sensitive tax rule on equilibrium inflation in the
crisis state.

PROPOSITION 8. [f the fiscal authority targets in such a way as to avoid the
ELT, the inflation rate in the crisis state is always higher than where the tax rate
does not respond to inflation at all.

Proof. See Appendix A.8 in Supplementary Material. |

Figure 4 illustrates the EE and the PC in the crisis state with different tax
response parameters. The dotted lines denote the case of A,, = 0. In this case, the
inflation rate is significantly low and output depressed in the crisis state. The solid
lines show the EE and the PC with the response parameters set to A,, = \V,,,, where
W, is chosen to avoid the ELT with the calibration py = 0.92. Indeed, inflation
is higher than the case of no policy intervention in this case. However, the output
is significantly depressed in the crisis state with an intervention because a cut in
the labor income tax is associated with a decrease in government spending, which
leads to a further decrease in aggregate demand.

The above observation shows that to mitigate the decline in both output and
inflation in the crisis state, targeting a single tax rate is not sufficient. Similar
shortcomings have been pointed out by recent studies that explore effective poli-
cies under different LTs. Bilbiie (2018) summarizes the differences in the policy
effects between the two LTs and shows that a temporary tax cut improves welfare
in the ELT while its impact is negative in the FLT, which is close to our finding.
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FIGURE 4. Euler equation and Philips curve in the crisis state.

Cuba-Borda and Singh (2019) show that none of the major policy measures—
government spending, supply shocks, and neo-Fisherian policies—are effective
for both types of LTs, while a minimum wage policy can prevent both of the LTs.

In Appendix B in Supplementary Material, we show that the fiscal authority can
achieve both higher output and inflation in the crisis state if it combines different
tax instruments appropriately. More concretely, fiscal policy can prevent the ELT
equilibrium and improve welfare in the crisis state by affecting both household
consumption demand and labor supply. However, the fiscal authority must lower
the labor income tax rate on one hand and raise the dividend (or consumption) tax
rate on the other hand to improve both inflation and output.

6. CONCLUSION

In this paper, we showed that a simple tax rule that responds to inflation could
prevent an economy from falling into an ELT, and investigated analytically the
conditions under which the proposed tax rule can prevent the ELT. The study also
investigated the effect on the fiscal rule when the ELT episodes are recurrent.

While this paper shows that the proposed tax rule can improve allocations in
ELTs, we have abstracted from other potentially relevant disturbances that may
affect the welfare, such as cost-push and policy shocks. Given that this study relies
on the use of distortionary taxes, desirable policies may differ when alternative
shocks impact the economy.

The primary mechanism through which the fiscal authority prevents the ELT
is by inducing the household to increase its labor supply when the inflation rate
declines. Recent studies such as Schmitt-Grohé and Uribe (2017) and Cuba-Borda
and Singh (2019) assume inelastic labor supply. Under such cases, a minimum
wage policy that installs a lower bound on deflation can be more effective than
that affecting the marginal behavior of the household. Introducing other relevant
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frictions such as downward nominal wage rigidity may also affect our results. We
defer such an in-depth investigation with different assumptions to future work.

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit http://doi.org/
10.1017/S136510052000067X.

NOTES

1. For recent developments in the literature exploring how the ZLB affects the economy, see
Debortoli et al. (2019), Liu et al. (2019), and Ikeda et al. (2020) to mention a few.

2. Coyle and Nakata (2019) show that the optimal inflation rate changes significantly when we
assume ELT episodes to be recurrent.

3. Investigating the effectiveness of fiscal policy at the ZLB is an active research area. For recent
developments, see Bilbiie et al. (2019), Ercolani and Valle e Azevedo (2019), and Ngo (2019), among
many others.

4. Endogenous government spending is motivated by the fact that a lump-sum transfer is not avail-
able in reality. When the fiscal authority increases (or at least maintains) its expenditure while its tax
revenue decreases due to depressed economic activity, the fiscal authority must increase bond issuance.
This decrease in tax revenue and an increase in expenditure have led to the current elevated govern-
ment debt. By assuming endogenous government spending, the fiscal authority allows variation in the
tax revenue and avoids the increase in government debt. However, the mechanism through which the
fiscal authority prevents the ELT does not rely on this endogenous government-spending assumption,
as shown in Appendix C in Supplementary Material.

5. The result is comparable to the magnitude of the tax variation proposed in Correia et al. (2013).
In their benchmark case, consumption taxes increase from 5% to 14% and labor income taxes decrease
from 28% to 21% to counteract the shock in the discount factor. Note that they also include an invest-
ment tax credit in their model, which jumps in the first period to 9% and then decreases gradually
toward 0.

6. In our model, 1/ is expressed as the deviation from the steady-state gross real interest rate

R =1/p. '
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