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Abstract

We study an economy in a liquidity trap in which wage adjustment is
staggered. In this economy, it is optimal not to use expected inflation as a
stabilization tool in or out of the liquidity trap. In such a world, the well-
known conventional stabilization mix should be applied more forcefully: the
forward commitment regarding interest rates should apply for even longer,
and government spending should ‘lean against the wind’ more vigorously.
This policy strategy generates a real economy boom in the future and helps
stabilizing demand in the short run. Tax policy plays a key role in ensuring
price stability. This is generally consistent with a short-run income tax
hike counteracting deflationary pressures. The initial government spending
expansion is thus close to a balanced-budget one.
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1. Introduction

We study the optimal coordination of fiscal and monetary policies in an economy
subject to price and wage rigidities caught in a liquidity trap. The study of
the consequences of imperfect wage adjustment for policy at the zero bound is
particularly relevant in the light of the empirical evidence of strong wage rigidities
during recessions.! We find that the presence of wage rigidity prevents optimizing
authorities from using anticipated inflation as a stabilization tool. On the other
hand, the absence of flexible wage adjustment justifies a commitment to keep the
interest rate at zero for longer as well as a stronger countercyclical response in
government spending. In what follows, we explain that these are two important
observations in the context of the existing literature on the (optimal) coordination
of policies at the zero lower bound.

In a benchmark contribution to the literature, Correia et al. (2013) have
shown that a sufficiently rich set of tax instruments can completely circumvent the
liquidity trap problem, and may even enable policy makers to implement the first
best outcome. In principle, the optimal policy involves a sustained consumption
tax increase to generate costless (in the context of the model) consumer price
inflation that lowers the real interest rate sufficiently to fully stabilize demand. At
the same time, other taxes ensure that costly producer price and wage inflation
do not arise, and that the fiscal solvency requirement is satisfied. This paper,
as much of the literature, studies a world in which solutions that are costless
in welfare terms are ruled out. In addition to setting the tax on wage income,
the authorities can only use forward commitment concerning interest rates and
changes in valued government spending to stabilize the economy in a liquidity

trap. We refer to such a policy strategy as the conventional stabilization mix. 2

!See, for example, Daly and Hobijn (2014) for evidence from the US.
2Such a set of policy tools better reflects the policy decisions implemented by central banks



Krugman (1998) famously argued that monetary policy is not ineffective in a
liquidity trap as long as it is able to affect inflation expectations. Expectations of
higher inflation lower the current real interest rate and act to stimulate demand
even if the short-term nominal interest rate is stuck at zero. It has been shown
in the context of standard New Keynesian models that the monetary policy
consistent with such evolution of prices involves a commitment to keep the nominal
interest rate at zero for some time after the zero bound ceases to bind. Eggertsson
and Woodford (2003), Jung et al. (2005) and Adam and Billi (2006) have shown
this formally. These analyses, however, rest on the assumption that wages can
adjust to changing conditions in the economy instantaneously. Empirical evidence
cited above suggests this is a strong assumption particularly in times of adverse
economic conditions. Hence, we introduce imperfect wage adjustment into a
New Keynesian economy.? It turns out that this has non-trivial consequences for
optimal policy: expected inflation becomes too costly to be used as a stabilization
channel. Nevertheless, we show that monetary policy still has a role to play and it
optimally involves a commitment to keep the interest rates at zero for even longer.
This contributes to a boom in the real economy in the future which reduces desired
savings and stimulates demand in the short run. This is consistent with a thought
experiment in Werning (2012) who examined the case of a simple economy in a
liquidity trap with artificially fixed prices. We show that such a simple exercise

is a close approximation of optimal dynamics in a sticky-price sticky-wage New

and governments around the developed world in the wake of the most recent severe recession.
See, for example, European Commission (2009) or Council of Economic Advisers (2010). Only
the United Kingdom have on a one-off basis implemented a policy concerning the general VAT
rate that is vaguely in line with Correia et al. (2013).

3Imperfect nominal wage adjustment is a standard building block in medium-scale New
Keynesian models. In line with much of the directly related literature, we use staggered wage
adjustment to model wage rigidity. In the sense of Cochrane (2013), the presence of sticky wages
also acts as an equilibrium selection device, significantly narrowing down the set of equilibria
one might wish to implement.



Keynesian economy.

We also demonstrate that in these circumstances, the other element of
the conventional stabilization mix must be applied more forcefully too: the
desired short-term government spending expansion is significantly larger and the
government must commit itself to greater cuts in the future. A policy strategy in
which government spending is first raised and then cut whilst the nominal interest
rate is at the zero bound has been proposed by Gertler (2003) due to its impact
on the natural rate of interest. Nakata (2011) and Werning (2012) have shown
this to be a feature of optimal policy in a liquidity trap. Bilbiie et al. (2014),
on the other hand, have questioned the optimality of large government spending
increases at the zero lower bound. We argue that the nature of wage adjustment
is an important factor to consider in this regard.

To complete the policy mix, labour income tax policy plays a crucial role in
ensuring price stability, as in Correia et al. (2013). However, unlike in Correia et
al. (2013), given that the policy mix is different, this role is generally consistent
with a short-term tax increase. The idea that an income tax hike is desirable
at the zero bound due to its effect on (expected) inflation and the real interest
rate has been discussed in Benigno (2009), Eggertsson (2011) and Nakata (2011).
However, their demand-driven rationale for tax hikes is not what drives tax policy
in our model. Instead, the motivation for the tax increase here is to stabilize
prices, countering the deflationary pressures arising from depressed demand and
the wealth effect on wages of the enacted government spending increase. Overall,
the budgetary impact of stabilization measures is close to zero in the short term.

In our illustrative quantitative analysis, we find that the model-consistent
welfare costs of applying the best conventional policy mix relative to implementing
the optimal unconventional tax policy strategy of Correia et al. (2013) are small

even though the associated short-term real contraction is large. We also look at the



welfare costs of erring on the size of the government spending expansion. We study
the extreme case in which government spending is held constant throughout the
recession, whilst the interest and tax rates are set optimally. The optimal nominal
interest rate path and the inflation trajectory remain virtually unaffected. The
short-run losses in real income are somewhat higher but the overall welfare costs
of inaction on government spending are not large.

The model in the paper is a New Keynesian setup with sticky prices, sticky
wages and endogenous income tax policy. This economy is subject to a large
fundamental shock as a result of which optimally set nominal interest rates hit
the zero lower bound.? Eggertsson and Woodford (2006) and Nakata (2011) have
also studied a simultaneous determination of optimal monetary and fiscal policy in
a deep recession but wages remained flexible in their frameworks. Christiano et al.
(2009) and Christiano (2010), whilst including wage stickiness, only examined the
functioning of ad hoc (tax) policies and concentrated on the implied real economy
effects finding that the fiscal multipliers can be large. Cochrane (2013) argues
this is a consequence of equilibrium selection rather than an inherent feature of
policy in a liquidity trap. We also calculate implied fiscal multipliers using our
exercise when government spending is held constant, and find that the government
spending multiplier under optimal policy is not unusually large. This is consistent
with Carlstrom et al. (2014) who put such low values down to the deterministic
nature of the zero-bound exercise.

The rest of the paper is organized as follows. Section 2 introduces the model

that forms the basis for our analysis of the design of optimal monetary and fiscal

4The policy prescriptions obtained in our framework are standard given that the source
of the downturn in our model is also standard—a shock to the rate of time preference of
agents. Schmitt-Grohé and Uribe (2013) and Mertens and Ravn (2014) have questioned the
usefulness of such conventional policy advice if the cause of the severe downturn in the economy
is that expectations are not well-anchored. We believe this discussion is beyond the scope of the
intended contribution of this paper.



policies in a liquidity trap. This model is parameterized and solved using the
nonlinear method explained in great detail in Nakata (2011). The results of the
numerical exercise are presented and related to the existing literature in Section

4. Section 5 concludes.

2. The model

This section describes a model of an economy with sticky nominal wages and
prices akin to Benigno and Woodford (2005) which builds on Erceg et al. (2000).
The framework allows us to consider the special case of an economy with an
efficient steady state but we will also relax the assumption that there are subsidies
available to eliminate steady-state distortions caused by imperfect competition.
The government authorities in our economy set the interest rate, government
spending and the distortive labor income tax rate to stabilize the economy. Shocks
to the discount factor are the only source of disturbance in the model, and we
examine the economy’s adjustment along a deterministic path following a single
large innovation to the discount factor. If this innovation was small, it could be
fully offset by a cut in the nominal interest rate, and other policy instruments
would not play a role in stabilizing the economy.

Whilst the model is closer to the widely used medium-scale setups than the
more common simple stylized frameworks in terms of its complexity, it should still
be thought of only as a relatively tractable environment for the study of policy
interactions. The quantitative results from this model are especially subject to this
caveat. The main lessons concerning policy coordination should, however, apply
more generally, as the circumstances we examine are implicit in all larger-scale

models.



2.1. The discount factor shock

An exogenous shock to the discount factor of agents, representing a change in
their preferences in terms of consumption and savings, is used to capture the idea
of a severe demand-led contraction in the economy. When an economy is hit by
the discount factor shock, consumers suddenly decide to postpone consumption.
Under a very severe shock a cut in nominal interest rate down to zero will not
stabilize the economy at its original level, and output and prices have to fall.

As in Nakata (2011), we assume that the discount factor at time ¢+ s is defined
as (30, i.e. 0, shows the relative difference between discount factors at time ¢t + s
and t+s+1. An increase in §, implies that households want to reduce consumption
and save more. The following assumptions about the discount factor shock hold

in the model

oo = 1,
(51 = 1 + €65,1,
ds = 1+ps(ds_1—1) for s > 2.

The discount factor shock is realized before optimization decisions are made. It
holds that €57 > 0 and the shock persists, but decays with the time at the rate
0< Ps < 1.

2.2. Households and the labour market

There is a continuum of monopolistically competitive households j € [0, 1] in the
economy. They choose private consumption of a final good Cy(j) and holdings of

one-period risk-free nominal government bond B;(j) to maximize welfare given by

o 5 Cyos(§)xc Neo (g X1 Givs (j I=xa,1
EtZ»BSH(Sk tJ{ E]L i+ () r+s ()
s=0 k
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subject to the constraint
— = < (1= 7o) Wi Niws (J) + Bras—1(J) — TtLS' (2.1)

It is thus assumed that the households derive benefits from government spending,
and that the utility is separable in terms of consumption, labor supply and
government spending. The variable P, is a price of a final good, R; stands for
the gross nominal return on the bond, while 7,,; is the labor income tax rate. Tth
refers to the lump sum taxes (transfers) that may be paid by (to) the households.

This maximization exercise yields the Euler equation
C, X = EtﬁdthC';f‘lCH;rll, (2.2)

where II; = P,/P,_; is price inflation. The Euler equation is not indexed by the
households, as we assume completeness of insurance market against idiosyncratic
shocks and that the initial holdings of assets are the same across households.
Therefore, C;(j) = C; for all j and ¢.

Each of the households supplies a differentiated labor service N; (j) at a wage
rate W;(7). There is a perfectly-competitive employment agency that aggregates

the supplied differentiated labor in an index according to the standard Dixit-

1 I =i
Ntz[/ Nto)sdj] ,
0

in which ¢ is the elasticity of substitutions between differentiated labour. The

Stiglitz formula

perfectly-competitive employment agency sells aggregated labour to producers of
final goods at an aggregate wage index W;. The agency chooses N; (j) to maximize

nominal profits Wy N; — fol Wi(7)N; (j), taking each household’s wage rate W;(j)

Notice here that if § is small enough, it can be fully offset by a change in R, leaving the rest
of the economy unaffected.



and the aggregate price index W, as given. In optimum, the employment agency’s
demand for the household j’s labour is given by
Wi(j)] ~
Wi ‘

N.G) = N, [ (2.3)

The aggregate wage index is then given by

W, = Uolwt(j)l—adjrs.

To introduce wage stickiness, the model assumes a system of staggered wage
contract for the households: each household is able to change their wages with
probability 1 —¢,, at any given period of time. Whenever the household is allowed
to re-optimize its wage, it chooses optimal W} to maximize expected discounted
sum of utilities, taking into account that it may not be allowed change its wage,
subject to the demand for labor and the budget constraint. If the household has
not been allowed to re-optimize its wage since period t, it sets W s = W,. For
simplicity, we do not consider wage indexation.® The household thus chooses W'

to maximize

b 5 5 Cyis(j)xc Ny, A1+XN1 Girs A l=Xxa1
EtZ(ﬁwﬁ) Hék t+ (]) t+ (J) t+ (J)

— XN
s Pl 1 =Xxc L4+ XN

subject to (2.1) and (2.3). This problem gives us the wage setting equation

* 1+5XN,1 — € % 2 4
() TR (2.4
where wf = W} /W, with
1 w g(1
Noe = xwoNiT 4 BB, (12, 0o N, (2.5)
Nay = wNC (1 = 7,) + EB86E, (M2)T" Nayia. (2.6)

6This feature could reinforce the persistence in real wages.
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We have defined I = W,/W;_; and w, = W;/P,. Given our wage setting

mechanism, the evolution of the aggregate wage index follows

L= (1-¢,) () +&, )" (2.7)
2.3. Firms

There is a continuum of intermediate differentiated goods Y;(i), i € [0, 1], each of
which is produced by a monopolistically competitive firm using a linear production
function

Yi(i) = Ne (i) (2.8)

The price of an intermediate good ¢ is P;(i). Assume there is a final good
producer that operates in a perfectly competitive environment selling Y; which

is an aggregate of Y;(i) according to

Y = Mw)%ldz’]&, (2.9)

in which @ is the elasticity of substitutions between the differentiated intermediate
products. The final goods producing firm sells its product to the consumers at a
price P,. It chooses the quantity of each differentiated good to maximize its profit
PY, — fol P,(1)Y,(i)di. As a result, demand for intermediate good i is given by

Pt(n]f

B (2.10)

Vi) =i |
The price aggregate price index is given by

P, = U;Pt(z')”dire.

Price adjustment is assumed to be staggered too. It is assumed that in any given

period the intermediate goods producing firm is able to re-optimize its price with

10



a probability 1 — &, Whenever a firm is able to re-optimize its price it chooses
the optimal P;* to maximize expected discounted sum of profits subject to the
demand for its product defined in equation (2.9). Similarly to the households,
we assume that there is no price indexation, and hence if the intermediate goods
producing firm has not been allowed to re-optimize its price since period t, it sets

P,,s = P, in period t 4+ s. The problem of the firm is thus

nwxE}Ej £,5) IIék e — Wis] Yirs (i)

. (2.9).

The solution for the optimal price is given by

0 Cn t
= 2.11
where p; = P/ P, with
Cn,t = thtC’ Xo + Etﬁétg HtHCn t+1, (212)
Car = Y,Cp X¢ + BB Ht+1 Capi1- (2.13)
The dynamic of the aggregate price index follows
1=(1-¢) ()" "+ ¢, (2.14)

2.4. Government

Monetary and fiscal authorities coordinate their action to maximize social welfare.
The monetary branch of the central government sets the nominal interest rate Ry,

and is constrained by the zero lower bound

R, > 1 for all ¢. (2.15)

11



The fiscal authority sets the tax rate 7,,;, and decides about government spending
G;. The government flow budget constraint tracking the evoution of debt is then
given by

by b

o= B N Gy = T (216)

2.5. Market clearing

Given the intermediate goods producing firms’ production function (2.8), the
demand for intermediate goods (2.10), and the labor market clearing condition

N; = fol N; (i) di, it can be shown that
sy = N, (2.17)

where

5 = /01 [P;(j)] B di=(1-¢,) )"+ (2.18)

stands for price dispersion. The resource constraint is given by
Ci+ G =Y. (2.19)

An important equilibrium condition is the identity describing the evolution of

real wages in the economy
Wy H%U

Wg—1 I

(2.20)

Chugh (2006) highlights the importance of this identity in generating endogenous
persistence in a sticky-price, sticky-wage economy. Given that the wage inflation is
influenced by the wage setting behavior of households, the price inflation, instead,
by the price setting behavior of firms, and the real wage is determined by the real
factors, this identity represents a constraint on the optimal policy problem, as the

wage and the price inflation are not trivially consistent with it.

12



2.6. The policy problems

We shall consider several environments with an increasing degree of complexity.
In all cases, the objective will be to find sequences of endogenous variables that

maximize an unweighted average of welfare across households

C S Xo N, S1+XN1 Gl ;CG1
Wi = ; H5 t+ _XN,oltJ;—XN’1 t+s+XG’01i+—XG’1 ;
where
W) —=(lwa)
CE A o
= (1=&,) ()t e, @y troa)m o (221)

is a measure of wage dispersion.

We shall be looking for policies that are optimal from a timeless perspective
(Woodford, 2003). In other words, we will be solving for time-invariant policy rules
assuming that preferences in the initial period are augmented so that the policy
maker does not take advantage of the fact that there had been no expectations

formed about the initial outcomes.

Case FBFW: Efficient steady state and flexible wages. In this economy,
the steady-state value of the tax rate 7, is set to eliminate distortions that arise
from monopolistic competition. An appropriate lump-sum tax T ensures that
the government budget constraint holds in every period. Moreover, m; = 1 for
all t. The constraints of the policy problem are the equilibrium conditions (2.2),

(2.14), (2.15), (2.17), (2.18) and the (2.19).

Case FBSW: Efficient steady state and sticky wages. This economy is

the same as the one we have just described but m; # 1 for all . The constraints

13



of the problem are the equilibrium conditions (2.2), (2.7), (2.11), (2.12), (2.13),
(2.14), (2.15), (2.17), (2.18), (2.19) and (2.21). The equations (2.4), (2.5), (2.6)
then imply the optimal tax policy. Equation (2.20) defines the evolution of real

wages.

Case FBP: Strict price-level targeting in Case FBFW. This economy is
the same as in Case FBFW but we add the restriction that the price level remains
constant in the economy. The economy, including the zero-bound constraint, thus
becomes real. The constraints of the policy problem are the equilibrium conditions
(2.2), (2.15), (2.17) and (2.19), with P, = s, = 1 for all ¢.

Tax policy and price stability. Notice here from (2.11), (2.12), (2.13) and (2.14)
that in order for prices to remain stable, real wages have to stay flat. In order
for that to happen, (2.4), (2.5), (2.6) and (2.7) tell us that the tax rate has to
track the evolution of the marginal rate of substitution between consumption and
leisure. This allows us to draw the conclusion about the key role of taxation in

ensuring price stability. This is the same reasoning as in Correia et al. (2013).

Case SBFW: Distorted steady state and flexible wages. In this economy,
lump sum taxes are no longer available to ensure the government budget constraint
is satisfied (T}/° = 0 for all t). Therefore the relevant constraints are (2.2), (2.11),
(2.12), (2.13), (2.14), (2.15), (2.16), (2.17), (2.18), (2.19) and the transversality
condition. We also consider a variant of this economy in which G, = G for all ¢

where G is the steady-state values of government spending.

Case SBSW: Distorted steady state and sticky wages. Lump sum taxes
are again unavailable (T}*° = 0 for all t), and the relevant constraints are the

equilibrium conditions (2.2), (2.4), (2.5), (2.6), (2.7), (2.11), (2.12), (2.13), (2.14),

14



(2.15), (2.16), (2.17), (2.18), (2.19), (2.20), (2.21) and the transversality condition.

As above, we also consider the variant with G; = G for all .

2.7. Welfare evaluations

We will conduct welfare comparisons and in order to do so, we introduce a welfare
metric. Our starting point is a hypothetical one-off transfer in real consumption
units in the initial period that would make the agent in a given economy as well
off as in a benchmark economy. This one-off transfer can then be re-stated as a
perpetuity value of a sequence of identical per-period transfers discounted by the
steady-state interest rate. Our welfare gains and losses will then be measured as
the share of such hypothetical per-period transfers on steady-state consumption.

Formally, let us define W* as the level of welfare in the benchmark economy
and W as the level of welfare in the economy under consideration. The one-off

transfer of real consumption A; will be implicitly defined as follows

. Ctl—Xc ﬁ
At = |:(1 _XC) <Wt _Wt+ 1 ):| _Ct'
— Xc

From this, the per-period value of the consumption transfer is given by
Ay (1 =) /6. Finally, we obtain the welfare measure reported below d; =
(1 —B)A,/BC, where C refers to the steady-state level of consumption.

Let us further define W¥P as the level of welfare that would be observed should
the economy with an efficient steady state and lump-sum taxes always remain in
its steady state. This hypothetical case is the first-best solution of Correia et
al. (2013). Similarly, we can define W*P as the level of welfare that would be
observed in the economy with a distorted steady state, should it always stay in its
steady state. Again, following Correia et al. (2013), a sufficiently rich set of tax
instruments could accomplish this in our framework. When comparing economies

against W28 or W5B the steady-state values of consumption corresponding to

15



the respective bechmark economy will be used in the welfare metric d,.

3. Parameterization and solution

We parameterize the model with values commonly used in the literature.” The
discount factor J is assumed to be 0.99. The discount factor shock €5 ; is set to 0.02
to make sure the economy hits the zero bound. The persistence of the innovation p;
is 0.9. Thus, to determine when the natural rate of interest exceeds zero, one needs
to check at what quarter the product of 39, falls below 1. For the parameters of the
shock process, the discount factor and the persistence, the natural rate of interest
is above zero from t>7.8 We assume preferences are logarithmic in government
spending but set x to 1/6 and the inverse Frisch elasticity of labour supply to 1.°
The preference parameters xy and xg, are set to 1 and 0.2 respectively. This
parameterization implies that steady-state government spending is at 21 percent
of steady-state output and the steady-state public debt close to 50 percent of
annualized GDP. The elasticity of susbstitution for goods 6 is set to 11. We follow
Chugh (2006) in setting the elasticity of substitution in the labour market ¢ to
21. The measure of price stickiness &, is 0.75 implying an average four-quarter
duration or price contracts. The same value is used to parameterize the duration
of wage contracts when wages are sticky.!”

Given that we consider an event in which the economy departs far from its

steady state, and an inequality constraint becomes binding, we solve the model in

"The parameter values are summarized in Table A.1 in the appendix.

$Werning (2012) shows this need not be equivalent to the point in time when the zero bound
stops binding, as the optimal interest rate reaction function may involve other terms that are
non-zero at the zero bound in addition to the natural rate. We only have a numerical solution
for the interest rate, and so cannot be more precise here.

9This is a value used in Jung et al. (2005), Nakata (2011), and is close to the estimate of
Rotemberg and Woodford (1997).

10Tn the flexible-wage case, we set this parameter to zero but retain imperfect competition in
the labour market so that the flexible-wage and sticky-wage economies are easier to compare.
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its non-linear form. We use the procedure described in detail in Nakata (2011),
which embeds the modified Newton method of Juillard et al. (1998) into a shooting
algorithm. As shown in Nakata (2011) there are significant accuracy gains from

using a nonlinear solution relative to piecewise linear methods.

4. Results

We find that the optimal policy mix in our model is very much in line with the
convetional policy prescription of Krugman (1998) and Gertler (2003) but only
when wages are flexible. When prices only are sticky, it is optimal in the liquidity
trap to allow inflation to rise temporarily, and let public sector spending lean
against the wind. This is shown in Figure A.1. Interest rates are kept at zero
even after the natural rate crosses the zero bound. This policy mix generates a
boom in the real economy in the future, and helps containing the slump in the
short run.

Optimal inflation volatility drops with the introduction of rigidities in nominal
wage adjustment, as in Chugh (2006). Hence, it is not desirable to use the inflation
expectations channel to boost demand to the same extent as in the flexible wage
economy. We show that under conventional stabilization, the dynamic of the
optimal sticky-wage economy is for all practical purposes the same as the dynamic
of an economy without price or nominal wage inflation.!! This, however, does not
imply that monetary policy is ineffective in stabilizing the economy. The optimal
monetary policy is similar to the one in an environment with flexible wages: it
involves a forward commitment to keep the interest rates at zero for a prolonged
period of time. The difference is that such a commitment should now apply even

longer (11 quarters versus 9, in our case). Moreover, in the context of a world with

1See Figure A.1 for the efficient steady state case and Figure A.2 for the case when the steady
state of the economy is distorted. The differences are negligible.
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essentially no inflation, the magnitude of the optimal initial government spending
increase almost doubles, whilst the government must promise to cut spending
deeper in the future. This policy strategy again generates a boom in the economy
in the future which reduces desired savings in the short run. Werning (2012)
has argued that policies in the liquidity trap are geared towards generating an
expected real economy boom rather than inflation per se, and this is confirmed
here by our analysis.

We have argued above that taxation plays a crucial role in ensuring price
stability in the model. The tax in our economy is the tax on labour income levied
on the individual. This tax directly affects marginal cost, and is therefore an
effective instrument deployed to deliver the desired evolution of prices.!? Since
the sticky-wage economy is a close approximation of the economy with fixed prices
and wages, it holds that the tax rate closely tracks the evolution of the marginal
rate of substitution between consumption and leisure. This view of the role of tax
policy is the same as in Correia et al. (2013). Taxes generally rise in the short-
term in our model but the rationale for this is different from the demand-side
considerations found in the literature. In particular, Benigno (2009), Eggertsson
(2011) and Nakata (2011) sought to justify tax increases through their impact on
(expected) inflation and the real interest rate. This is in turn different from
Bils and Klenow (2008) who concentrated on the income effect of a tax cut,
which is the reasoning probably closest to the philosophy behind similar real-
world stimulus measures. In our model, taxes rise to counteract the deflationary
pressures arising from depressed demand and the negative wealth effect of the

increase in government spending. The overall budgetary impact of stabilization

120bviously, tax policy has a role to play in ensuring fiscal sustainability too. But the
comparison of the optimal economies with and without lump-sum taxes suggests that this role
is quantitatively less important. Also, note that the tax rate increases more under sticky wages,
even though deflationary presures might be weaker in that case. This is because wages are also
less responsive to tax changes, and so this instrument needs to be applied more forcefully.
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measures is close to zero initially, as seen from Figure A.3, which plots the optimal
dynamics of fiscal variables in cases SBFW and SBSW.!?

Correia et al. (2013) have shown that given a sufficiently rich set of taxes, one
can always circumvent the zero-bound problem and ensure the economy never
leaves its first-best steady state. Our conventional policy mix cannot achieve this.
However, when the conventional policy is executed in the best possible way, it
delivers welfare consistent with a welfare loss relative to the first-best steady state
of less than 0.4 percent of steady-state consumption when wages are flexible and
around 0.6 percent with sticky wages. As also shown in Table A.2, the same
conclusion holds in the context of an economy with a distorted steady state.
Short-term losses in real private consumption and income are, however, large in
particular in the sticky-wage economy.

We also look at the welfare cost of not being bold enough on the government
spending side and it appears limited too (see Table A.2). At the same time,
there are significant short-term real economy implications: output contracts by
two percentage points more. In Figure A.2, we compare dynamics under optimal
policy in the SBSW case with what would happen should government spending
be held constant. We see that optimal interest rate and inflation dynamics are
little affected but output is affected significantly.

Finally, we calculated the implied government spending multiplier by looking
at cases SBFW and SBSW under alternative paths for government spending,

whilst maintaining that the remaining policy tools are deployed optimally.'*

13Notice also that the implied debt dynamic signals a fall in debt over the entire simulation
horizon. This is because steady-state output is inefficient in the model, and long-run tax policy is
geared towards correcting that to a small extent. The associated higher output and tax receipts
generate a smaller surplus, and hence debt must fall. Optimal debt dynamic would likely differ
in a model with a different role for government expenditures, given that the zero-rate interest
policy would likely affect public sector investment decisions, for example, were they included in
the model.

4We focus on the government spending multiplier, since we argue that the tax policy serves
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Figure A.4 plots the cumulative real increase in output divided by the cumulative
real increase relative to steady state in the level of government spending at various
time horizons discounted by the steady state interest rate. We see that the

magnitude of the multipliers is not unusually large, which is in line with Carlstrom
et al. (2014).

5. Conclusions

We have shown that given the low optimal inflation volatility when price and
wage adjustment is imperfect, using expected inflation to cut real interest rates
further and stabilize demand in a liquidity trap is not consistent with optimal
policy. This, however, does not mean monetary policy is ineffective even under
these circumstances. We have shown that by committing itself to keep the interest
rate at zero for even longer than otherwise, an optimizing monetary authority can
stabilize demand at present by generating a boom in the future. The optimal
conventional policy mix involving a significant short-term increase in government
spending in addition to the action on the interest rate was shown not to generate
large welfare losses relative to the world when the policy maker has enough tax
instruments to fully stabilize the economy. This holds in spite of the fact that we
observe a significant drop in real output in the short term.

We have also shown that a (close-to-)balanced-budget expansion of government
spending is the optimal conventional stabilization policy, and it should be deployed
more forcefully when the desired inflation volatility is low. An increase in
government spending followed by a cut boosts demand when expected inflation
cannot, whilst the increase in the income tax rate offsets deflationary pressures.
The government spending multiplier associated with such a policy is not unusually

large.

a different purpose in our setup, and the multiplier calculations would thus be counterintuitive.
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The emphasis in the paper is on theory and intuition, the simulation exercise
is meant to be illustrative only. It would be, therefore, interesting to check to
robustness of the quantitative conclusions in a medium-scale model.

Throughout the paper, we have referred to model-consistent preferences which
are indeed central to our welfare analysis. Some may have legitimate doubts
if the welfare analysis based on preferences built into standard New Keynesian
frameworks provides a good reflection of the costs of business cycles, and if the
implied policy prescriptions should indeed be taken seriously. Obviously, there is
a lot more work to be done in the broadest sense to build better models to study
economic cycles and their welfare consequences. The smallest departure from the
present setup would be to have a model with a better account of the welfare costs
of unemployment or financial market failures. Nevertheles, our paper allows the
reader to have a better understanding of the policy trade-offs in environments

with different relative costs of nominal versus real volatility.
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A. Appendix: Figures and Tables

Table A.1l: Parameter values

Notation Description Value
15} discount factor 0.99
Xco coefficient of relative risk aversion 1/6
XN.0 leisure preference parameter 1
XnN1 inverse Frisch elasticity of labour supply 1
XG0 government spending preference parameter 0.2
Xa.1 government spending preference parameter 1
0 elasticity of substitution in the goods market 10
€ elasticity of substitution in the labour market 21
&y probability of no price adjustment 0.75
€w probability of no wage adjustment 0.75
5.1 shock to the discount factor 0.02
Ps persistence of the shock 0.90
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Figure A.1: Impulse response functions of endogenous variables in economies with
an efficient steady state and different price and wage adjustment mechanisms
(deviations from steady state)
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Figure A.2: Impulse response functions of key endogenous variables under optimal
policy and in an economy with fixed government spending (Case SBSW, deviations

from steady state)
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Table A.2: Welfare losses

Economy Utility value d; (%)
First-best (steady state) 20.382 —
Case FBFW 20.074 0.38
Case FBSW 19.881 0.63
Case FBP 19.874 0.64
Second-best (steady state) 14.018 9.99
Second-best (steady state) 14.018 -
Case SBFW 13.819 0.33
Case SBFW + constant G 13.806 0.35
Case SBSW 13.607 0.69
Case SBSW + constant G 13.541 0.81

Figure A.3: Impulse response functions of key fiscal variables under optimal policy
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Figure A.4: Implied government spending multipliers over different horizons
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