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I. Introduction

The economic crisis of 2008 started one of the most heated debates about
U.S. fiscal policy in the past half century. With the federal funds rate
close to zero—and output, inflation, and employment at the edge of a
collapse—U.S.-based economists argued over alternatives to interest rate
cuts to spur a recovery. Meanwhile, several other central banks slashed
interest rates close to zero, including the European Central Bank, the
Bank of Japan, the Bank of Canada, the Bank of England, the Riksbank
of Sweden, and the Swiss National Bank, igniting similar debates in
all corners of the world. Some argued for tax cuts, mainly a reduction
in taxes on labor income (see, e.g., Bils and Klenow 2008; Hall and
Woodward 2008; Mankiw 2008) or tax cuts on capital (see, e.g., Barro
2009; Feldstein 2009). Others emphasized an increase in government
spending (see, e.g., Krugman 2009). Yet another group of economists ar-
gued that the best response would be to reduce the government, that is,
reduce both taxes and spending.! Even if there was no professional con-
sensus about the correct fiscal policy, the recovery bill passed by Con-
gress in 2009 marks the largest fiscal expansion in U.S. economic history
since the New Deal, with projected deficits (as a fraction of GDP) in dou-
ble digits. Many governments followed the U.S. example. Much of this
debate was, explicitly or implicitly, within the context of old-fashioned
Keynesian models or the frictionless neoclassical growth model.

This paper takes a standard New Keynesian dynamic stochastic gen-
eral equilibrium (DSGE) model, which by now is widely used in the
academic literature and utilized in policy institutions, and asks a basic
question: what is the effect of tax cuts and government spending under
the economic circumstances that characterized the crisis of 2008? A key
assumption is that the model is subject to shocks so that the short-term
nominal interest rate is zero. This means that, in the absence of policy
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interventions, the economy experiences excess deflation and an output
contraction. The analysis thus builds on a large recent literature on policy
at the zero bound on the short-term nominal interest rates, which is
briefly surveyed after the introduction. The results are perhaps some-
what surprising in the light of recent public discussion. Cutting taxes
on labor or capital is contractionary under the special circumstances
the United States is experiencing today. Meanwhile, the effect of tem-
porarily increasing government spending is large, much larger than un-
der normal circumstances. Similarly, some other forms of tax cuts, such as
a reduction in sales taxes and investment tax credits, as suggested, for
example, by Feldstein (2002) in the context of Japan’s “Great Recession,”
are extremely effective.?

The contractionary effects of labor and capital tax cuts, and the strong
expansionary effect of government spending, are special to the peculiar
environment created by zero interest rates. This point is illustrated by a
numerical example in table 1, which shows the “multipliers” of cuts in
labor taxes, cuts in capital taxes, and increases in government spending;
several other multipliers are also discussed in the paper. The multipliers
summarize by how much output decreases/increases if the government
cuts tax rates by 1% or increases government spending by 1% (as a frac-
tion of GDP). At positive interest rates, a labor tax cut is expansionary, as
the literature has emphasized in the past. But at zero interest rates, it flips
signs and tax cuts become contractionary. Similarly while capital tax cuts
are almost irrelevant in the model at a positive interest rate (up to the
second decimal point) they become strongly negative at zero. Mean-
while, the multiplier of government spending not only stays positive at
zero interest rates but becomes almost five times larger. This illustrates
that empirical work on the effect of fiscal policy based on data from the
post-World War II period, such as the much cited and important work of
Romer and Romer (2008), may not be directly applicable for assessing the
effect of fiscal policy on output today, with important recent exceptions.’
Interest rates are always positive in their sample, as in most other empiri-
cal research on this topic. To infer the effects of fiscal policy at zero interest

Table 1
Fiscal Policy Multipliers

Labor Tax Cut Capital Tax Cut Government Spending
Multiplier Multiplier Multiplier

Positive interest rate .16 .0 48
Zero interest rate -1 -1 2.3
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rates, then, we can rely on experience only to a limited extent. Reasonably
grounded theory may be a better benchmark with all the obvious weak-
nesses such inference entails, since the inference will never be any more
reliable than the model assumed.

The starting point of this paper is the negative effect of labor tax cuts,
that is, a cut in the tax on wages (the most reasonable interpretation
of this tax is that it reflects a cut in the payroll tax paid by firms; see
the discussion at the end of Sec. VII). These tax cuts cause deflationary
pressures in the model by reducing marginal costs of firms, thereby in-
creasing the real interest rate. The Federal Reserve can’t accommodate
this by cutting the federal funds rate, since it is already close to zero.
Higher real interest rates are contractionary. I use labor tax cuts as a start-
ing point, not only because of their prominence in the policy discussion
but to highlight a general principle for policy in this class of models. The
principal goal of policy at zero interest rates should not be to increase aggregate
supply by manipulating aggregate supply incentives. Instead, the goal of policy
should be to increase aggregate demand—the overall level of spending in the
economy. This diagnosis is fundamental for a successful economic stimulus
once interest rates hit zero in the model. At zero interest rates, output is
demand determined. Accordingly, aggregate supply is mostly relevant in
the model because it pins down expectations about future inflation. The
result derived here is that policies aimed at increasing aggregate supply
are counterproductive because they can create deflationary expectations
at zero interest rates. At a loose and intuitive level, therefore, policy
should not be aimed at increasing the supply of goods when the problem
is that there are not enough buyers.

Once the general principle is established, it is straightforward to con-
sider a host of other fiscal policy instruments, whose effect at first blush
may seem puzzling. Consider first the idea of cutting taxes on capital,
another popular policy proposal in response to the crisis of 2008. A per-
manent reduction in capital taxes increases investment and the capital
stock under normal circumstances, which increases the production ca-
pacities of the economy. More shovels and tractors, for example, mean
that people can dig more and bigger holes, which increases steady-state
output. But at zero interest rate, the problem is not that the production
capacity of the economy is inadequate. Instead, the problem is insuffi-
cient aggregate spending. Cutting capital taxes gives people the incentive
to save instead of spend, when precisely the opposite is needed. A cut in
capital taxes will reduce output because it reduces consumption spend-
ing. One might think that the increase in people’s incentive to save would
in turn increase aggregate savings and investment. But everyone starts
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saving more, which leads to lower demand, which in turns leads to lower
income for households, thus reducing their ability to save. Paradoxically,
a consequence of cutting capital taxes is therefore a collapse in aggregate
saving in general equilibrium because everyone tries to save more.

From the same general principle—that the problem of insufficient de-
mand leads to below-capacity production—it is easy to point out some
effective tax cuts and spending programs, and the list of examples pro-
vided in the paper is surely not exhaustive. Temporarily cutting sales
taxes and implementing an investment tax credit are both examples of
effective fiscal policy. These tax cuts are helpful not because of their effect
on aggregate supply but because they directly stimulate aggregate
spending. Similarly, a temporary increase in government spending is ef-
fective because it directly increases overall spending in the economy. For
government spending to be effective in increasing demand, however, it
has to be directed at goods that are imperfect substitutes with private
consumption (such as infrastructure or military spending). Otherwise,
government spending will be offset by cuts in private spending, leaving
aggregate spending unchanged.

A natural proposal for a stimulus plan, at least in the context of the
model, is therefore a combination of temporary government spending in-
creases, temporary investment tax credits, and a temporary elimination
of sales taxes, all of which can be financed by a temporary increase in la-
bor and/or capital taxes. There may, however, be important reasons out-
side the model that suggest that an increase in labor and capital taxes
may be unwise and/or impractical. For these reasons I am not ready to
suggest, based on this analysis alone, that raising capital and labor taxes
isa good idea at zero interest rates. Indeed, my conjecture is that a reason-
able case can be made for a temporary budget deficit to finance a stimulus
plan as further discussed in the paper and note 4. The main reason in-
creasing labor taxes may not be expansionary in the model is that this
may have direct effect on demand (e.g., if a fraction of workers spend
everything they earn). A similar comment apples to capital taxes.*

The contractionary effects of labor and capital taxes are applications of
two paradoxes, one new and one old. The result on the contractionary
effect of capital tax cuts is an application of the old Keynesian paradox
of thrift (see, e.g., Christiano 2004).” The contractionary effect of labor tax
cuts, however, is an application of a new paradox illustrated in Eggertsson
(2010), who calls it the paradox of toil. While the paradox of thrift is that
if everybody tries to save, there will be less savings in the aggregate, the
paradox of toil is that if everybody tries to work more, there will be less
work in the aggregate once the nominal interest rate hits zero.
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The main focus of the paper is temporary tax and spending policies in
response to an economic crisis. The results can be very different if instead
we assume a permanent change in policy. I illustrate this by some numer-
ical examples. While a temporary increase in government spending, for
example, can be very effective at zero interest rate, an expansion in the
government can instead even be contractionary if it is expected to be per-
manent. This explains the difference of the results reported in table 1 from
some recent studies on the effect of government spending in DSGE mod-
els, as further discussed below.

II. Relation to Other Literature

The first paper to study the effect of government spending at a zero inter-
est rate in a New Keynesian DSGE model is Eggertsson (2001). That pa-
per characterizes the optimal policy under commitment and discretion,
where the government has as policy instruments the short-term nominal
interest rate and real government spending and assumes taxes are lump
sum. Relative to that paper, this paper studies a much more general menu
of fiscal instruments, such as the effect of various distortionary taxes, and
gives more attention to the quantitative effect of fiscal policy. Moreover,
the current paper does not take a direct stance on the optimality of fiscal
policy but instead focuses on “policy multipliers,” that is, the effect of
policy at the margin, as in Christiano (2004). This allows me to obtain
clean closed form solutions and illuminate the general forces at work.
This paper also builds upon a large literature on optimal monetary pol-
icy at the zero bound, such as Summers (1991), Fuhrer and Madigan
(1997), Krugman (1998), Reifschneider and Williams (2000), Svensson
(2001, 2003), Eggertsson and Woodford (2003, 2004), Christiano (2004),
Jung, Terenishi, and Watanabe (2005), Wolman (2005), Adam and Billi
(2006), and Eggertsson (2006a).° The analysis of the variations in labor
taxes builds on Eggertsson and Woodford (2004), who study value added
taxes (VAT) that show up in a similar manner. One difference is that while
they focus mostly on commitment equilibrium (in which fiscal policy
plays a small role because optimal monetary commitment does away
with most of the problems) the assumption here is that the central bank
is unable to commit to future inflation, an extreme assumption, but a use-
ful benchmark. This assumption can also be defended because the opti-
mal monetary policy suffers from a commitment problem, while fiscal
policy does not to the same extent, as first formalized in Eggertsson
(2001).” The contractionary effect of cutting payroll taxes is closely related
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to Eggertsson (2008b), who studies the expansionary effect of the Na-
tional Industrial Recovery Act (NIRA) during the Great Depression. In
reduced form, the NIRA is equivalent to an increase in labor taxes
in this model. The analysis of real government spending also builds on
Christiano (2004) and Eggertsson (2004, 2006b), who find that increasing
real government spending is very effective at zero interest rates if the
monetary authority cannot commit to future inflation, and Eggertsson
(2008a), who argues based on those insights that the increase in real gov-
ernment spending during the Great Depression contributed more to the
recovery than is often suggested.® Christiano, Eichenbaum, and Rebelo
(2009), building on Christiano (2004), calculate the size of the multiplier
of government spending in a much more sophisticated empirically esti-
mated model than previous studies, taking the zero bound explicitly
into account, and find relatively similar quantitative conclusions as
reported here (see Denes and Eggertsson [2009] for further discussion,
which describes the estimation strategy I follow in this paper and com-
pares it to other recent work in the field). Christiano et al. also study var-
ious other issues related to the government spending multiplier, such as
timing, sensitivity, and other shocks, not addressed directly here. Cogan
et al. (2009) study the effect on increasing government spending in a
DSGE model that is very similar to the CCR model and report small mul-
tipliers. The reason for the different finding is that they assume that the
increase in spending is more permanent than the duration of zero inter-
est rates, while this paper and Christiano et al. assume that the fiscal
spending is a temporary stimulus in response to temporary deflationary
shocks. This is made explicit in the analysis in Section XII that shows that
an increase in government spending that is expected to be permanent can
even be contractionary.

III. A Microfounded Model

This section summarizes a standard New Keynesian DSGE model.”
(Readers familiar with this model can skip directly to the next section.)
At its core, this is a standard stochastic growth model (real business
cycle model) but with two added frictions: a monopolistic competition
among firms and frictions in the firms’ price setting through fixed nom-
inal contracts that have a stochastic duration as in Calvo (1983). Rela-
tive to standard treatments, this model has a more detailed description
of taxes and government spending. This section summarizes a simpli-
fied version of the model that will serve as the baseline illustration. The
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baseline model abstracts from capital, but Section XIV extends the
model to include it.

There is a continuum of households of measure 1. The representative
household maximizes

B3 rfuCr+ 6D g - [ eteia]. )

where R is a discount factor, C; is a Dixit-Stiglitz aggregate of consumption
of each of a continuum of differentiated goods, C; =[ [1 ¢; i)\ ~/°di]*/©-1),
with an elasticity of substltutlon equal to 6 > 1, P; is the Dixit- St1g11tz
price index, P;= [ S pe (i)' °di] /079, and 1,(j) is the quantity supplied
of labor of type ;. Each mdustry j employs an industry-specific type of
labor, with its own wage W, (j). The disturbance §; is a preference shock,
and u(-) and g(+) are increasing concave functions while v(-) is an increas-
ing convex function. The terms G and G} are government spending that
differ only in how they enter utility and are also defined as Dixit-Stiglitz
aggregates analogous to private consumption. The term G; is perfectly
substitutable for private consumption, while G is not. For simplicity, we
assume that the only assets traded are one-period riskless bonds, B;. The
period budget constraint can then be written as

1
1+71)PC+B=(1—-1 1)(1+zt 1)Bio1 + (1 — )/ Z(i)di
0

1
(-1 / Wi (i)l (j)dj — T, @)

where Z, (i) is profits that are distributed lump sum to the households. I
do not model optimal stock holdings (i.e., the optimal portfolio alloca-
tion) of the households, which could be done without changing the re-
sults.'” There are five types of taxes in the baseline model: a sales tax
T, on consumption purchases, a payroll tax ¢, a tax on financial assets
7/, a tax on profits 7/, and finally a lump-sum tax T}, all represented in
the budget constraint. Observe that I allow for different tax treatments of
the risk-free bond returns and dividend payments, while in principle we
could write the model so that these two underlying assets are taxed in the
same way. I do this to clarify the role of taxes on capital. The profit tax has
no effect on the household consumption/saving decision (it would only
change how stocks are priced in a more complete description of the model)
while taxes on the risk-free debt have a direct effect on households’ saving
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and consumption decisions. This distinction is helpful to analyze the
effect of capital taxes on households’ spending and savings (7/!), on
the one hand, and the firms’ investment, hiring, and pricing decisions,
on the other (7]), because we assume that the firms maximize profits
net of taxes. Households take prices and wages as given and maximize
utility subject to the budget constraint by their choices of ¢; (i), It (j), B,
and Z, (i) for all j and i at all times .

The household optimal plan needs to satisfy the following first-order

conditions:

& P 147

u(Cr+ Gy ) = (14 4)(1 = 7/ )PEsuc (Ceir + GtSJrl)?PH_l Tro 3)
t+1
17" Wi(j) _ k()
1+TtS Pt uc(Ct+Gf)’
limE — 27— (Cr +GS) =0, ()

T—x  Pr(l1+15)

There is a continuum of firms in measure 1. Firm i sets its price and then
hires the labor inputs necessary to meet any demand that may be real-
ized. A unit of labor produces one unit of output. The preferences of
households and the assumption that the government distributes its
spending on varieties in the same way as households imply a demand
for good i of the form y; (i) = Y;[(p:(i)/P:)]”°, where Y;=C; + GN + G}
is aggregate output. We assume that all profits are paid out as dividends
and that the firm seeks to maximize posttax profits. Profits can be written
as Z; (i) = pe (i)Y (pr (1) /Pr) " — Wi (j) Y+ (pi (i) /P;)°, where i indexes the
firm and j the industry in which the firm operates. Following Calvo
(1983), let us suppose that each industry has an equal probability of re-
considering its price in each period. Let 0 < o < 1 be the fraction of in-
dustries with prices that remain unchanged in each period. In any industry
that revises its prices in period t, the new price p; will be the same. The
maximization problem that each firm faces at the time it revises its price
is then to choose a price p; to maximize

mgxa{iwm”w PP Yr(pi /Pr) "~ W (i)Y /Pﬂ‘%},

Py T=t

where \r is the marginal utility of nominal income for the representa-
tive household. An important assumption is that the price the firm sets
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is exclusive of the sales tax. This means that if the government cuts sales
taxes, then consumers face a lower store price of exactly the amount of the
tax cuts for firms that have not reset their prices. This maximization prob-
lem yields the following first-order condition:

% 711U (Cr + GP)er (1 —18) /1 p; 01
Ef{;(“m t Pr : (1+T§)(ﬁ)

LR ki w(YT(pr/PT);)]} —0, (5)

Pr 6-11—-1" u/(Cr+G;

Using the assumption that a fraction of o keep their prices fixed, while
1 — « set them at p;, we can express the price index as

Pr= (1= o)(pp)" " 4+ PV, (6)
All output is either consumed by the government or the private sector:
Y, =Ci +G; +GN. (7)

Without going into details about how the central bank implements a
desired path for nominal interest rates, we assume that it cannot be
negative so that'

i >0. (8)

We assume that the central bank follows a Taylor rule, whose param-
eters are detailed further below, in accordance to

i :max{O,d)(PI:t Yt,gtﬂ (9)

Fiscal policy, on the other hand, is a set of functions for each of the pol-
icy variables, ¢, 75, 71, 7F, Ty, GV, and G7 . I will be more specific about
the rules that govern fiscal policy in the sections below. An equilibrium
of the model can now be defined as a collection of stochastic processes
for the endogenous variables {p;,Y;,P;,C;} for t > t; given an initial
condition Py _;, an exogenous sequence {§;}, a stochastic process for
{i¢} that satisfies (8)—(9) and a collection of stochastic processes for
{re 75,7/, 77, T:,GN, G} } given the fiscal policy rules to be specified.
We now describe how we approximate to model by a log-linear approx-
imation of the equilibrium conditions around a zero-inflation steady
state (summarized in proposition 1)."*
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IV. An Approximated Equilibrium

This section summarizes a log-linearized version of the model. It is con-
venient to summarize the model by “aggregate demand” and “aggregate
supply.” Aggregate demand (AD) is given by two relationships. First,
there is the “IS” equation derived from the optimal consumption decision
of the household (3) and the resource constraint (7)

Yi =E Y1 — o(is — Eymen — i)+ (G)I,‘\] - Etéﬁl)
+ox°Ei(t 4 — 1) + (fXA'?f, (10)

where i is the one-period risk-free nominal interest rate, m; is inflation,
and E; is an expectation operator and the coefficients o, x4, x°* > 0, Y; =
logY;/Y,GN = (GN — GN)/Y, whilet§ =15 — 75,44 =(1 — ) ' (v/ — 1),
and r{ is an exogenous disturbance that is only a function of the shock §;
(for details, see n. 13 on the rationale for this nota’cion).13 Again the zero
bound needs to be satisfied:

iy = 0. (11)
Second, there is the monetary policy rule (9) approximated by:
iy = max(0,7f + brmi + &y Vi), (12)

where the coefficients &, > 1and ¢, > 0. When combining these relation-
ships in coming sections, we will simply refer to the result as aggregate
demand (AD) as it determines the overall level of spending in the economy
given the monetary policy rule.

The aggregate supply (AS) is derived from the optimal pricing deci-
sion of the firms (5) and (6):

N AN
m = kY; + k(XY + Xt — 071G, ) + BE, (13)

where the coefficients k,y > 0and 0 < B < 1.

For a given policy rule for taxes and spending equations (10)—(13) close
the model. An approximate equilibrium can now be defined as a collec-
tion of stochastic processes for {Y;, ; } that satisfy (10) and (13), given an
exogenous path for {r/}, a monetary policy specifying the process {i}
that satisfies (11) and (12), and fiscal policy rules that determines the path
for {2, 45,44, G) }, which I will be specific about in the coming policy
experiments. To summarize:
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Proposition 1. The steady state of the model is a set of constants
shown in the appendix. An approximate equilibrium, which is accurate
up to a first order, is a collection of stochastic processes for {Yt , T, 1f 4 0} that
solve equations (10)~(13) given a path for {2, 5, #4 GV} determined by
fiscal policy, where we have linearized about the steady state stated in
this proposition.

Proof.  See the appendix.

Observe that this list of equations for the equilibrium determination
does not include the government budget constraint.  assume that Ricardian
equivalence holds, so that temporary variations in either 4%, %, or G are
offset either by lump-sum transfers (i.e., changes in T}) in period  or in
future periods t + j (the exact date is irrelevant because of Ricardian
equivalence)."* Observe also that I do not need to determine the path
for G; and C; for output and inflation determination. The reason for this
is that any variation in G; will be offset by a corresponding reduction in
C; and hence it is irrelevant for the determination of inflation and output
(more on this in Sec. VIII). Finally observe that the tax instrument ¥ does
not appear in any of the equations. This suggests that taxes on profits,
under our assumptions, do not have a first-order effect on inflation, out-
put, and interest rates.

V. Long-Run and Short-Run Equilibrium Allocations

This section summarizes the model’s equilibrium allocation. The rest of
the paper is devoted to explaining and evaluating this allocation under
a variety of additional assumptions. Accordingly, the discussion of the
propositions here is short and terse; the proofs and algebraic details are
relegated to the appendix.

The long run in the model is defined as the time at which the shock, f,
has gone to steady state. The short run is the period in which the economy
is subject to temporary disturbance. More precisely, the short run is de-
fined by r{ = r¢. This shock reverts back to steady state, 7, with probabil-
ity 1 — p in each period. Let us call the stochastic period in which the
shocks are back to steady state T°. Then t > T is defined as the long run,
while t < T¢ is the short run. Monetary policy follows (13), and (for now)
fiscal policy is perfectly correlated with the shock, that is, we consider tax
cuts/increases and government spending increases/cuts that are a direct
reaction to the shock, so that, (+%,45,#4,GN) = (#¢,4%,%4,GY) in the
short run, t < 7, and (+%,45,44,GN) = (0,0,0,0) in the long run t > T,
We are focusing, in other words, on fiscal policy that is aimed at short-
run stabilization.
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The assumption about a short and long run is very convenient because
of the structure of the model. As we will see, it allows us to boil the model
down to just a few static “short-run” equations, even if in principle we
are dealing with an infinite-horizon model. This allows me to show
everything in closed form and even to illustrate the key results by the
aid of simple short-run diagrams.

Proposition 2. At positive interest rates, in the long run, t > T¢, there
is a locally unique bounded equilibrium such that m; = Y; = 0and i; = 7.

Proof.  See the appendix.

We now state two conditions that are helpful to analyze the short run:

Cl i< —Toatd —Thot? — Ion[GY — ox°15],
2 L(w)=(1-p)(1—-pp)—kpo >0,

where the coefficients I} 4, [7«, Iy > 0 with the algebraic expressions
given in the appendix. Observe that C1 imposes a condition on the fun-
damental shock, r¢, and a limit on the fiscal expansion. If there is no
countercyclical short-run policy this condition simply states that
ré < 0. This condition needs to hold to ensure that the zero bound is
binding.

Proposition 3. In the short run, t < T*¢, then we consider two cases:

1. Positive interest rates in the short run. If C1 does not hold and the
short-term interest rate is positive, there is a locally unique bounded equi-
librium such that

m:ﬂg Vi< TE
Vo=V Vi<Te
ir = f = & + drms + by Vs > 0,

where the analytical expression for 7} and Y% is given in the appendix
and depends on the structural parameters and (#4,%¥, %5, GY).

2. Zero interest rates in the short run. If C1 and C2 hold and the short-
term interest rate is zero, there is a locally unique bounded equilibrium
such that

m=m; YV t<TC,
Y=YV Vit<T,
iy =i§ =0,

where the analytical expression for 7z and Y is given in the appendix
and depends on the structural parameters and (+4,%%, 45, GY, r¢).
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Proof.  See the appendix.

I do not consider the case when C1 holds but C2 does not. In this case
either the local approximation is no longer valid (the model explodes) or
there is an indeterminacy of equilibria. In proposition 2 we are implicitly
assuming a long-run monetary and fiscal policy regime that excludes the
zero bound being binding as a long-run as steady state outcome, for ex-
ample, through a monetary and fiscal commitment as in Eggertsson and
Woodford (2003, 193-98). Similarly, in proposition 3, we do not consider
short-run liquidity traps due to self-fulfilling expectations as in Mertens
and Ravn (2010) and instead focus on traps driven by real disturbances.
Proposition 3 is the heart of the paper. In fact, by manipulating it using
the algebraic expression in the appendix, we can compute all the relevant
fiscal multipliers. The rest of the paper is to a large extent about interpret-
ing this proposition, both qualitatively and quantitatively.

VI. An Output Collapse in the Absence of Fiscal Interventions

Output can collapse under the special circumstances when interest rates
are zero. This environment is the focus of the paper. We consider the
model first when there is no fiscal intervention, that is, each of the fiscal
variables is at steady state. The propositions and condition C1 suggest
that when r{ < 0 then the zero bound is binding, so that i; = 0. A nega-
tive r{ generates a recession in the model and plays a key role.

Before going further, it is natural to ask: where does this shock come
from? In the simplest version of the model, a negative r; is equivalent to a
preference shock and so corresponds to a lower §; in period t in the utility
function (1) that reverts back to steady state with probability 1 — p.
Everyone suddenly wants to save more, so the real interest rate must de-
cline for output to stay constant. More sophisticated interpretations are
possible, however. Curdia and Eggertsson (2009), building on Curdia
and Woodford (2008), show that a model with financial frictions can also
be reduced to equations (10)-(13). In this more sophisticated model, the
shock r{ corresponds to an exogenous increase in the probability of de-
fault by borrowers. What is nice about this interpretation is that r{ can
now be mapped into the wedge between a risk-free interest rate and an
interest rate paid on risky loans. Both rates are observed in the data. The
wedge implied by these interest rates exploded in the U.S. economy dur-
ing the crisis of 2008, providing empirical evidence for a large negative
shock to r{. A banking crisis—characterized by an increase in probability
of default by borrowers—is my story for the model’s recession.
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Let us now go through the equilibrium determination informally (the for-
mal proof is in propositions 2 and 3). Panel 4 in figure 1 illustrates assump-
tion about the shock graphically. Under this assumption, the shock r{
remains negative in the short run denoted S, until some stochastic date T,
when it returns to steady state. For starters, let us assume that % = 4 =
#5 = GN = 0. Given the shock, monetary policy takes the following form:

ip=r; =7 for t>T°, (14)
ii=0 for 0<t<T" (15)

In the periods t > T, the solution is ©; = Y; =0.In periods t < T, the
assumption about the shock implies that inflation in the next period is
either zero (with probability 1 — ) or the same as at time ¢, that is,
m = g (with probability 1).'> Hence the solution in t < T¢ satisfies
the AD and the AS equations:

AD Y5 =uYs +opms + oré, (16)

AS g = KYS + Pums. (17)

(@)

i=0for0<t<T® j=rsfor t=T°
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Fig. 1. The effect of negative r{ on output and inflation in the absence of any
fiscal policy.
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It is helpful to graph the two equations in (Y, ms ) space. Consider first
the special case in which p = 0, that is, the shock r¢ reverts back to steady
state in period 1 with probability 1. This case is shown in figure 2. It ap-
plies only to the equilibrium determination in period 0. The equilibrium
is shown where the two solid lines intersect at point A. At point A, output is
completely demand-determined by the vertical AD curve and pinned down
by the shock r/. For a given level of output, then, inflation is determined
by where the AD curve intersects the AS curve. It is worth emphasizing
again: Output is completely demand-determined, that is, it is completely
determined by the AD equation.

Consider now the effect of increasing p > 0. In this case, the contrac-
tion is expected to last for longer than one period. Because of the simple
structure of the model, and the two-state Markov process for the shock,
the equilibrium displayed in the figure corresponds to all periods 0 <
t < T*. The expectation of a possible future contraction results in move-
ments in both the AD and the AS curves, and the equilibrium is deter-
mined at the intersection of the two dashed curves, at point B. Observe
that the AD equation is no longer vertical but upward sloping in inflation,
that is, higher inflation expectations ums increase output. The reason
is that, for a given nominal interest rate (is = 0 in this equilibrium),
any increase in expected inflation reduces the real interest rate, making
current spending relatively cheaper and thus increasing demand. Con-
versely, expected deflation, a negative uwg, causes current consumption
to be relatively more expensive than future consumption, thus suppressing

A
Y

Fig. 2. The effect of multiperiod recession
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spending. Observe, furthermore, the presence of the expectation of future
contraction, HYS/ on the right-hand side of the AD equation. The expec-
tation of future contraction makes the effect of both the shock and the
expected deflation even stronger.

Let us now turn to the AS equation (17). Its slope is now steeper than
before because the expectation of future deflation will lead the firms to
cut prices by more for a given demand slack, as shown by the dashed line.
The net effect of the shift in both curves is a more severe contraction and
deflation shown by the intersection of the two dashed curves at point B in
figure 2 (see n. 16 on why the AD curve has to be steeper than the AS
curve).'®

The more severe depression at point B is triggered by several contrac-
tionary forces. First, because the contraction is now expected to last more
than one period, output is falling in the price level because there is ex-
pected deflation, captured by uwg on the right-hand side of the AD equa-
tion. This increases the real interest rate and suppresses demand. Second,
the expectation of future output contraction, captured by the 1 Ys term on
the right-hand side of the AD equation, creates an even further decline in
output. Third, the strong contraction, and the expectation of it persisting
in the future, implies an even stronger deflation for given output slack, ac-
cording to the AS equation. Note the role of the aggregate supply, or
the AS equation. It is still really important to determine the expected infla-
tion in the AD equation. This is the sense in which output is demand-
determined in the model even when the shock lasts for many periods. That
is what makes tax policy so tricky, as we soon will see. It is also the reason
why government spending and cuts in sales taxes can have a big effect.

The two-state Markov process for the shock allows us to collapse the
model into two equations with two unknown variables, as shown in fig-
ure 2 and illustrated by proposition 3. It is important to keep in mind,
however, the stochastic nature of the solution. The output contraction
and the deflation last only as long as the stochastic duration of the shock,
that is, until the stochastic date T*, and the equilibrium depicted in fig-
ure 2 applies only to the “recession” state, that is, the short run. This is
illustrated in figure 1, which shows the solution for an arbitrary contin-
gency in which the shock lasts for T* periods.  have added for illustration
numerical values in this figure, using the parameters from table 2. The
values assumed for the structural parameters are relatively standard.
(The choice of parameters and shocks in table 2 is described in more detail
in Denes and Eggertsson [2009], which estimates the model using the
Bayesian method.) The values are obtained by maximizing the posterior
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Table 2
Parameters, Mode
o1 B [ o 0
Parameters (mode) 1.1599 .9970 1.5692 7747 12.7721
Or b, 7 7o 4
Parameters (calibrated) 15 5/4 05 2 0
s i
Shocks (mode) -.0104 9030

distribution of the model to match a 30% decline in output and a 10%
deflation in the short run. Both these numbers correspond to the trough
of the Great Depression in the first quarter of 1933 before President
Franklin D. Roosevelt assumed power, when the nominal interest rate
was close to zero. I ask the model to match the data from the Great De-
pression, because people have often claimed that the goal of fiscal stimu-
lus in 2008 was to avoid a dire scenario of that kind."”

VII. Why Labor Tax Cuts Are Contractionary

Can fiscal policy reverse the output collapse shown in the last section? We
start by considering tax cuts on labor. Before going further, it is helpful to
study tax cuts under regular circumstances, that is, in the absence of the
shock. Under normal circumstances, a payroll-tax cut is expansionary in
the baseline model. This is presumably why this policy proposal has
gained much currency in recent policy discussions. Consider a temporary
tax cut ¥’ = ¢ < 0 in period t that is reversed with probability 1 — p in
each period to steady state t}” = 0. Let us call the date on which the tax cut
reverses to steady state T7. Let G = %% = #4 = (. Because the model is
perfectly forward-looking, this allows us again to collapse the model into
only two states, the short run when ¥ < 0 and the long run when
20 = 4% = (. Observe that in the steady state t > T then Y; = m; = 0.
Substituting (13) into the AD equation, we can write the AD and AS equa-
tion in the short run as

R el S
Ys— 01_p+0¢y’ﬁ5, (18)
(1-pBp)ms = kYs + UG (19)

Figure 3 shows the AS and AD curves (18) and (19). This figure looks
like any undergraduate textbook AS-AD diagram! A tax cut shifts down
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Fig. 3. The effect of cutting taxes at a positive interest rate

the AS curve. Why? Now people want to work more since they get more
money in their pocket for each hour worked. This reduces real wages, so
that firms are ready to supply more goods for less money, creating some
deflationary pressure. In response, the central bank accommodates this
shift by cutting interest rates in order to curb deflation, which is why
the AD equation is downward sloping.'’® A new equilibrium is found at
point B. We can compute the multiplier of tax cuts by using the method
of undetermined coefficients. The tax cut multiplier is

AYS w O'd)-nKllJ >0
At X T —p+oby)(1—pp) + odek

(20)

Here, A denotes change relative to the benchmark of no variations in taxes.
To illustrate the multiplier numerically, I use the values reported in table 2
and assume p = p. The multiplier is 0.16. If the government cut the tax rate
t% by 1% in a given period, then output increases by 0.16%. We can also
translate this into dollars. Think of the tax cuts in terms of dollar cuts in tax
collections in the absence of shocks, that is, tax collection in a “steady
state.” Then the meaning of the multiplier is that each dollar of tax cuts
buys you a 16 cent increase in output.

We now show that this very same tax cut has the opposite effect under
the special circumstances when the zero bound is binding. Again, con-
sider a temporary tax cut but now one that is explicitly aimed at “ending
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the recession” created by the negative shock that caused all the trouble in
the last section. Assume that the tax cut takes the following form:

=1 <0 when 0<t<Te (21)
with ¢ > 0 and
=0 when t>T" (22)

Consider now the solution in the periods when the zero bound is binding
but the government follows this policy. The AS curve is exactly the same
as under the “normal circumstance” shown in equation (19), but now we
have replaced p with the probability of the duration of the shock, that is,
p = u. The big difference is the AD curve, because of the shock r¢ and
because the zero bound is binding. Hence we replace equation (18) with
equation (16) from the last section. These two curves are plotted in fig-
ure 4, and it should now be clear that the effect of the tax cut is the oppo-
site from what we had before. Just as before, the increase in %}’ shifts the
AS curve outward as denoted by a dashed line in figure 4. As before, this
is just a traditional shift in “aggregate supply” outward; the firms are
now in a position to charge lower prices on their products than before.
But now the slope of the AD curve is different from before, so that a
new equilibrium is formed at the intersection of the dashed AS curve

Fig. 4. The effect of cutting labor taxes at a zero interest rate
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and the AD curve at lower output and prices, that is, at point B in fig-
ure 4. The general equilibrium effect of the tax cut is therefore an output
contraction!

The intuition for this result (as clarified in the following paragraphs) is
that the expectation of lower taxes in the recession creates deflationary ex-
pectations in all states of the world in which the shock 7{ is negative. This
makes the real interest rate higher, which reduces spending according to
the AD equation. We can solve the AD and AS equations together to show
analytically that output and inflation are reduced by these tax cuts:

. 1 w_©
Y A= 100 = ) —pok (L~ PR)oTs - ReogxTE5] < YO £ < T
and
Y;axcut — 0 lf > TE’
T — KB (V™ + xa8) < w8 f ¢ < T¢ and &% =0 if +> T°.
— B

Figure 5 clarifies the intuition for why labor tax cuts become contrac-
tionary at zero interest rates while being expansionary under normal cir-
cumstances. The key is aggregate demand. At positive interest rates the

AD wheni >0

/——\ F
/
4
/ AD when i =0
/

A
Y

UJ~<,

Fig. 5. How aggregate demand changes once the short-term interest rate hits zero
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AD curve is downward sloping in inflation. The reason is that as inflation
decreases, the central bank will cut the nominal interest rate more than 1
to 1 with inflation (i.e., ¢ > 1, which is the Taylor principle; see eq. [12]).
Similarly, if inflation increases, the central bank will increase the nominal
interest rate more than 1 to 1 with inflation, thus causing an output con-
traction with higher inflation. As a consequence, the real interest rate will
decrease with deflationary pressures and expanding output, because any
reduction in inflation will be met by a more than proportional change in
the nominal interest rate. This, however, is no longer the case at zero in-
terest rates, because interest rates can no longer be cut. This means that
the central bank will no longer be able to offset deflationary pressures
with aggressive interest rate cuts, shifting the AD curve from downward
sloping to upward sloping in (Ys, 7s) space, as shown in figure 5. The
reason is that lower inflation will now mean a higher real rate, because
the reduction in inflation can no longer be offset by interest rate cuts.
Similarly, an increase in inflation is now expansionary because the in-
crease in inflation will no longer be offset by an increase in the nominal
interest rate; hence, higher inflation implies lower real interest rates and
thus higher demand.

We can now compute the multiplier of tax cuts at zero interest rates. It
is negative and given by
AY . KO

= e < (23)
3

Using the numerical values in table 2, this corresponds to a multiplier of
—1.02. This means that if the government reduces taxes rate *§ by 1% at zero
interest rates, then aggregate output declines by 1%. To keep the multipliers
(20) and (23) comparable, I assume that the expected persistence of the
tax cuts is the same across the two experiments, that is, u = p (see table 3).

In the model, wages are flexible. This means that it makes no difference
if the labor tax is levied on the worker (labor income tax) or the firm (the

Table 3
Multipliers of Temporary Policy Changes
Multiplier Multiplier

(Mode) iy >0 (Mode) i =0
T (payroll tax cut) 1612 -1.0191
G} (government spending 1 increase) 0 0
GN (government spending 2 increase) 4652 2.2793
77 (sales tax cut) 5139 2.5179

7/ (capital tax cut) -.0013 -.1012
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firm’s part of the payroll tax). More realistically, wages are set in a stag-
gered fashion, as, for example, in Christiano, Eichenbaum, and Evans
(2005). In this case it matters who bears the tax and how it affects the con-
tracted (sticky) wage. Suppose variations in the tax do not change the
contracted wage that is set in staggered fashion. Then the tax cut ana-
lyzed above is best approximated by the firm’s payroll tax (i.e., the tax
paid by the firms), since this tax variation will directly affect the marginal
cost of firms almost one to one but have little effect on the wage paid to
the worker. A labor income tax cut (i.e., cut in the worker’s part of the
payroll tax), however, will have almost no effect, since it will have a very
small effect on the marginal cost of the firms and thus a small effect on ex-
pected inflation/deflation. Instead it will be absorbed almost completely
by the worker, unless the workers are liquidity constrained or we intro-
duce some other non-Ricardian features into the model."

VIII. Expansionary Government Spending: Timely, Targeted,
and Temporary

Let us now consider the effect of government spending. Consider first the
effect of increasing G; . It is clear from our derivation of the model in Sec-
tion IV that increasing government spending, which is a perfect substi-
tute for private spending, has no effect on output or inflation. The reason
is that the private sector will reduce its own consumption by exactly the
same amount. The formal way to verify this is to observe that the path for
{m,Y;} is fully determined by equations (10)—(13), along with a policy
rule for the tax instruments and G;' , which makes no reference to the pol-
icy choice of G; . Let us now turn to government spending, which is nota
perfect substltute for private consumption, G

Consider the effect of increasing government spending, GV, in the ab-
sence of the deflationary shock so that the short-term nominal interest
rate is positive. In particular, consider an increase Gy > 0 that is reversed
with probability 1 — p in each period to steady state. Substituting the Taylor
rule into the AD equation we can write the AD and AS equations as

(1—p+0dy)Vs = —o(dr — p)ms + (1 —p)Gy (24)

(1—pp)ms = kYs — ko 'GY. (25)

The experiment is shown in figure 6. It looks identical to a standard un-
dergraduate textbook AD-AS diagram. An increase in G shifts out de-
mand for all the usual reasons, that is, it is an “autonomous” increase in
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Fig. 6. Increasing government spending at positive interest rates

spending. In the standard New Keynesian model, there is an additional
kick, however, akin to the effect of reducing labor taxes. Government
spending also shifts out aggregate supply. Because government spending
takes away resources from private consumption, people want to work
more in order to make up for lost consumption, shifting out labor supply
and reducing real wages. This effect is shown in the figure by the out-
ward shift in the AS curve. The new equilibrium is at point B. Using
the method of undetermined coefficients, we can compute the multiplier
of government spending at positive interest rates as
AYs (1=p)(A = pB) + (br — )k

ACY 0T ob)(L—pp) + (s — pJow

Using the parameter values in table 1, we find that one dollar in govern-
ment spending increases output by 0.46, which is more than three times
the multiplier of tax cuts at positive interest rates.

Consider now the effect of government spending at zero interest rates.
In contrast to tax cuts, increasing government spending is very effective
at zero interest rates. Consider the following fiscal policy:

GY =Gy >0 for0<t<T (26)

GN =0 fort>T" (27)
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Under this specification, the government increases spending in response
to the deflationary shock and then reverts back to steady state once the
shock is over.?” The AD and AS equations can be written as

Ys = uYs +opms + oré 4 (1 — M)CA}ZS\], (28)

g = K?S + Pums — KLIJO_léIS\I. (29)

Figure 7 shows the effect of increasing government spending. Increasing
GY shifts out the AD equation, stimulating both output and prices. At the
same time, however, it shifts out the AS equation as we discussed before,
so there is some deflationary effect of the policy, which arises from an in-
crease in the labor supply of workers. This effect, however, is too small
to overcome the stimulative effect of government expenditures. In fact,
solving these two equations together, we can show that the effect of
government spending is always positive and always greater than 1. Solv-
ing (28) and (29) together yields the following multiplier:*!
AYs (1w —Pp) —ped 1

AGY  (1—-p)(1—Bu) —opk

(30)

thatis, one dollar of government spending, according to the model, has to
increase output by more than 1. In our numerical example, the multiplier
is 2.3, that is, each dollar of government spending increases aggregate
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Y

Fig. 7. The effect of increasing government spending at zero interest rates
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output by 2.3 dollars. Why is the multiplier so large? The main cause of
the decline in output and prices was the expectation of a future slump
and deflation. If the private sector expects an increase in future govern-
ment spending in all states of the world in which the zero bound is bind-
ing, contractionary expectations are changed in all periods in which the
zero bound is binding, thus having a large effect on spending in a given
period. Thus, expectations about future policy play a key role in explain-
ing the power of government spending, and a key element of making it
work is to commit to sustain the spending spree until the recession is
over. One of the consequences of expectations driving the effectiveness
of government spending is that it is not of crucial importance if there is
an implementation lag of a few quarters. It is the announcement of the
fiscal stimulus that matters more than the exact timing of its implementa-
tion. This is in sharp contrast to old-fashioned Keynesian models (see
Christiano et al. [2009] for further discussion of this point). For discussion
of sensitivity, see Denes and Eggertsson (2009).

IX. The Case for a Temporary Sales Tax Holiday

Not all temporary tax cuts are contractionary in the model. Perhaps the
most straightforward expansionary one is a cut in sales taxes.”> Observe
that, according to the AD and AS equations (10)—(13), the sales tax
enters these two equations in exactly the same form as the negative of
government spending, except that it is multiplied by the coefficient
oX°. Hence, the analysis from the last section about the expansionary
effect of increases in government spending goes through unchanged by
replacing G with —ox°%;, and we can use both the graphical analysis
and the analytical derivation of the multiplier from the last section.

Why do sales tax cuts increase demand? A temporary cut in sales taxes
makes consumption today relative to the future cheaper and thus stimu-
lates spending. Observe also that it increases the labor supply because
people want to work more because their marginal utility of income is higher.
The relative impact of a 1% decrease in the sale tax versus a 1% increase
in spending depends on ox*, and, in the baseline calibration, because
ox® < 1, sales tax cuts have a bigger effect in the numerical example.

One question is of practical importance: is reducing the sales tax tem-
porarily enough to stimulate the economy out of the recession in the nu-
merical example? We could even finance this with a labor tax increase, so
that in principle the problem of the zero bound is eliminated altogether,
as in Eggertsson and Woodford (2004).” In the baseline calibration, how-
ever, this is not possible because it would imply a cut in the sales tax rate
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over 10%. Since sales taxes in the United States are typically in the range
of 3%—8%, this would imply a large sales subsidy in the model. A subsidy
for consumption is impractical, because it would give people the incen-
tive to sell each other the same good ad infinitum and collect subsidies
(although there may of course be ways of getting around this). However,
the case for a temporary sales tax holiday appears relatively strong in the
model and could go a long way toward eliminating the recession in the
model. Another complication with sales taxes in the United States is that
they are collected by each individual state, so it might be politically com-
plicated to use them as a stimulative device.

It is worth pointing out that the model may not support the policy of
cutting value added taxes. As emphasized by Eggertsson and Woodford
(2004), VAT of the kind common in Europe enters the model differently
from American sales taxes, because of how VAT typically interacts with
price frictions. We assumed in the case of sales taxes that firms set their
price exclusively of the tax, so that a 1% reduction in the tax will mean
that the customer faces a 1% lower purchasing price for the goods he or
she purchases even if the firms themselves have not revised their own
pricing decisions. This assumption is roughly in line with empirical esti-
mates of the effect of variations in sales taxes in the United States (see,
e.g., Poterba 1996). This assumption is maybe less plausible for VAT,
however, because posted prices usually include the tax (often by law).
Let us then suppose the other extreme, as in Eggertsson and Woodford
(2004), that the prices the firms post are inclusive of the tax. In this case, if
there is a 1% decrease in the VAT, this will only lead to a decrease in the
price consumers face if the firms whose goods they are purchasing have
revisited their pricing decision (which only happens with stochastic in-
tervals in the model). As a consequence, as shown in Eggertsson and
Woodford (2004), the VAT shows up in the AS and AD equations exactly
in the same way as the payroll tax, so that the analysis in Section VII goes
through unchanged. The implication is that while I have argued that cut-
ting sales taxes is expansionary, cutting VAT works in exactly the opposite
way, at least if we assume that the pricing decisions of firms are made in-
clusive of the tax. The intuition for this difference is straightforward. Sales
tax cuts stimulate spending because a cut implies an immediate drop in the
prices of goods, and consumers expect them to be relatively more expen-
sive as soon as the recession is over. In contrast, because VATs are included
in the posted price, eliminating them will show up in prices only once the
firm revisits its price (which happens with a stochastic probability). This
could take some time. As a consequence, people may hold off their pur-
chases to take advantage of lower prices in the future. In any event, the
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sensitivity of the effect of tax policy to the nature of price rigidities (i.e., if
taxes are included or not in the posted price), and the absence of much
empirical or theoretical literature on it, suggests a relatively big unex-
plored research area that may be of practical policy importance.

X.  Why Capital Tax Cuts Can Be Contractionary

So far, we have only studied variations in taxes on labor and consump-
tion expenditures. A third class of taxes is taxes on capital, that is, a tax on
the financial wealth held by households. In the baseline specification, I
included a tax that is proportional to aggregate savings, that is, the
amount people hold of the one-period riskless bond, through /%, and
then I assumed there was tax 7/ on dividends. Observe that even if the
firm maximizes profits net of taxes, 7/, it drops out of the first-order ap-
proximation of the firm Euler equation (AS). Capital taxes thus appear
only in the AD equation through 7.

Consider, at positive interest rates, a tax cut in period ¢ that is reversed
with a probability 1 — p in each period. A cut in this tax will reduce
demand, according to the AD equation. Why? Because saving today is
now relatively more attractive than before, and this will encourage
households to save instead of consume. This means that the AD curve
shifts backward in figure 3, leading to a contraction in output and a de-
cline in the price level. The multiplier of cutting this tax is given by

AYS A 0(1 - pB)

—_ <0
At T X T ptoby + o(dr — p)s

and is equal to —0.0013 in our numerical example, a small number. Recall
that, in reporting this number,  have scaled #4 so thata 1% change in this
variable corresponds to a tax cut that is equivalent to a cut in the tax on
real capital income of 1% per year in steady state (see n. 13).

This effect is much stronger at zero interest rates. As shown in figure 8,
a cut in the tax on capital shifts the AD curve backward and thus again
reduces both output and inflation. The multiplier is again negative and
given by

AYS _ _XA 1-Pp
—A{ (1—w)(1 —pp) — pox

In this case, however, the quantitative effect is much bigger and corre-
sponds to —0.1 in our numerical example. This means that a tax cut that
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Fig. 8. The effect of cutting capital taxes

is equivalent to a 1% reduction in the tax rate on capital income (in steady
state) reduces output by —-0.1%.

Observe that the contractionary effect of capital tax cuts is prevalent at
either positive or zero interest rates (although it is virtually absent up to
two decimal points at positive interest rates). It is worth pointing out,
however, that in principle the central bank can fully offset this effect at
positive interest rates by cutting the nominal interest rates further, so
the degree to which this is contractionary at positive interest rates de-
pends on the reaction function of the central bank.** Accommodating this
tax cut, however, is not feasible at zero interest rates. This tax cut is there-
fore always contractionary at zero short-term interest rates.

There is an important institutional difference between the capital tax in
the model and capital taxes in the United States today. The tax in the
model is a tax on the stock of savings. The way in which capital taxes
work in practice, however, is that they are a tax on nominal capital in-
come. Let us call a tax on nominal capital income 7/1’. In the case of a
one-period riskless bond, therefore, the tax on nominal capital income
7/ is equivalent to the tax on financial assets in the budget constraint
(2) if we specify that tax as



What Fiscal Policy Is Effective at Zero Interest Rates? 87

We can then use our previous equations to study the impact of changing
taxes on capital income. Observe, however, that at zero interest rates this
tax has to be zero by definition, because at that point the nominal income
of owning a one-period risk-free bond is zero. The relevant tax rate 7/
on one-period bonds—which is the pricing equation that matters for
policy—is therefore constrained to be zero under the current institutional
framework in the United States. Hence this tax instrument cannot be
used absent institutional changes. It follows that the government would
need to rewrite the tax code and directly tax savings if it wants to stimu-
late spending by capital tax increases, a proposal that may be harder to
implement than other alternatives outlined in this paper.

One argument in favor of cutting taxes on capital is that, in equilibrium,
savings is equal to investment, so that higher savings will equal higher in-
vestment spending and thus can stimulate demand. Furthermore, higher
capital increases the capital stock and thus the production capacities of the
economy. In the baseline specification, we have abstracted from capital
accumulation. Hence a cut in capital taxes reduced the willingness of con-
sumers to consume at given prices without affecting investment spend-
ing or the production capacity of the economy.

Section XIV considers how our results change by explicitly modeling
investment spending. This enriched model, however, precludes closed-
form solutions, which is why I abstract from capital accumulation in
the baseline model. To preview the result, I find that capital accumulation
does not affect the results in a substantive way. It does, however, allow us
to consider investment tax credits and also how taxes on savings affect
aggregate savings, which will fall in response to tax cuts. It thus also puts
a nice structure on the old Keynesian idea of the paradox of thrift.

XI. The Scope for Monetary Policy: A Commitment to Inflate
and Credibility Problems

Here, I consider another policy to increase demand: a commitment to in-
flate the currency. Expansionary monetary policy is modeled as a com-
mitment to a higher growth rate of the money supply in the future, that
is,att > T*. As shown by several authors, such as Eggertsson and Woodford
(2003) and Auerbach and Obstfeld (2005), it is only the expectation about
future money supply (once the zero bound is no longer binding) that mat-
ters att < T* when the interest rate is zero. Consider the following mone-
tary policy rule:

ir = max{0,7{ + 7 + ¢x (1 — ) + by (Vi — Y7)}, (31)
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where 7 denotes the implicit inflation target of the government and
Y* = (1 — p)k~'n* is the implied long-run output target. Under this pol-
icy rule, a higher m* corresponds to a credible inflation commitment. Con-
sider a simple money constraint as in Eggertsson (2008a), M; /P; = x Y},
where M; is the money supply and x > 0. A higher 7* corresponds to a
commitment to a higher growth rate of the money supply in t > T¢ at the
rate of m*. The assumption about policy in (13) is a special case of this
policy rule with 7 = 0.

What is the effect of an increase in the inflation target? It is helpful to
write out the AD and AS equations in periods 0 < t < T when the zero
bound is binding:

AD Y5 =uYs+(1—p)Y* +opms +o(l — ) + ors, (32)
AS s = kY5 + pums + Bl — . (33)

Consider the effect of increasing m* = 0 to a positive number 7 > 0. As
shown in figure 9, this shifts the AD curve to the right and the AS curve
to the left, increasing both inflation and output. The logic is straightfor-
ward: a higher inflation target in period t > T* reduces the real rate of
interest in period t < T¢, thus stimulating spending in the depression
state. This effect can be quite large, owing to a similar effect as described
in the case of fiscal policy. The effect of m* not only increases inflation ex-
pectations at dates t > T but also increases inflation in all states of the
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Fig. 9. Commitment to inflate at zero nominal interest rates
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world in which the zero bound is binding. In general equilibrium, the
effect of inflating the currency is very large for this reason.

Expansionary monetary policy can be difficult if the central bank can-
not commit to future policy. The problem is that an inflation promise is
not credible for a discretionary policy maker. The welfare function in the
model economy is given by the utility of the representative household,
which to a second order can be approximated as*

By BHmE 4+ N7 4 Ne (G )
=0

The central bank has an incentive to promise future inflation at date
t < T* but then to renege on this promise at date t > T* since at that time
the bank can achieve both zero inflation and set output at trend, which is
the ideal state of affairs according to this welfare function. This credibility
problem was first shown formally in Eggertsson (2006a), which calls it
the “deflation bias” of discretionary monetary policy at zero interest
rates. Government spending does not have this problem. In fact, the pol-
icy under full discretion will take exactly the same form as the spending
analyzed in Section VIII (see, e.g., Eggertsson [2001, 2004, 2006a], who
analyzes the Markov perfect equilibrium). The intuition is that fiscal pol-
icy not only requires promises about what the government will do in the
future but also involves direct actions today. And those actions are fully
consistent with those the government promises in the future (namely, in-
creasing government spending throughout the recession period).

It seems quite likely that, in practice, a central bank with a high degree
of credibility can make credible announcements about its future policy
and thereby have considerable effect on expectations. Moreover, many
authors have analyzed explicit steps, such as expanding the central bank
balance sheet through purchases of various assets such as foreign ex-
change, mortgage-backed securities, or equities, that can help make an
inflationary pledge more credible (see, e.g., Eggertsson [2006a], who
shows this in the context of an optimizing government, and Jeanne and
Svensson [2004], who show that an independent central bank that cares
about its balance sheet can also use real asset purchases as a commitment
device). Finally, if the government accumulates large amounts of nominal
debt, this, too, can be helpful in making an inflation pledge credible. How-
ever, the assumption of no credible commitment by the central bank, as
implied by the benchmark policy rule here, is a useful benchmark for
studying the usefulness of fiscal policy in the worst case scenario in which
monetary policy loses its bite.
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XII. Equilibrium Allocations When Policy Changes Are Expected
to Be Permanent

A key assumption in our policy exercises has been that the tax cuts, or
government expansion, are temporary short-run policies. As soon as
the fundamental shock, r¢, reverts to its long-run value, we have as-
sumed that policy does so as well. This is natural, since much of the recent
discussion has been about the appropriate “stimulus packages” in re-
sponse to the economic crisis of 2008. One obvious question, however,
is, how do our results change, if we assume that the policy change is per-
manent? Not only is this helpful to clarify through what mechanism short-
run stabilization policy works in the model, it also helps illustrating the
difference between the result in this paper and some recent work by Cogan
et al. (2009), who argue that the multiplier of government spending is
small in a model that bears close resemblance to this one. They assume
that the expansion in government spending lasts for longer than the
shock that causes the crisis, and permanent increase is an extreme version
of this assumption that helps to clarify what is going on. As we will see,
this distinction is crucial. It is so important, in fact, that we can even get a
negative multiplier for government spending at a zero interest rate if it is
expected to be permanent, flipping our previous result on its head. Let
me stress right up front, however, that I do not think that the numerical
examples reported here are a realistic description of what would happen
in response to tax or spending changes, for reasons I clarify at the end of
the section. They are, however, quite helpful in order to unwrap the
mechanism of fiscal policy in this class of models and illustrate how im-
portant the persistence of policy can be.

The next two propositions and table 4 summarize the answer to the
following question: how does a permanent change in taxes and spending
affect output? The propositions show both the short- and long-run effect
of the policy. In our previous analysis the long-run effect of policy was
zero since we assumed that all instruments would revert back to steady

Table 4
Multipliers of Permanent Policy Changes
Short-Run Yg Short-Run Yg Long-Run YL Long-Run 7

Multiplier i; > 0 Multiplier iy = 0 Multiplier Multiplier
Tl 0195 -2.5924 4207 -.1052
Gt 0 0 0 0
GN1 .0181 -2.4055 .3904 -.0976
e .0149 -1.9751 .3205 -.0801

) 0 -.2495 4207 -.0056
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state in the long run. In contrast, permanent effects are now important,
since the policy change is permanent. The propositions and the table also
show short-run multipliers that are comparable to the statistics reported
earlier in the paper.

Proposition 4. At positive interest rates, in the long run, t > T¢, there
is a locally unique bounded equilibrium such that w; = 7y, Y, =Y., and
iy = ir, where

Yi=Y, Vt>T¢
m=my V t=>T°

=i =7+ o + &Y VT

where the analytical expressions for m; and Y; are given in the appen-
dix and depend on the structural parameters and ($£,4%, %3, GV).
Proposition 5. In the short run, t < T¢; then we consider two cases:
1. Positive interest rates in the short run. If C1 does not hold and the
short-term interest rate is positive, there is a locally unique bounded equi-
librium such that

m:ﬂg YV t< T
Yt:Y§ vt<T€,
iy =y = 1§ + drms + by Vs > 0,

is = 1& + drms + by Vs,

where the analytical expressions for 7% and Y? are given in the appen-
dix and depend on the structural parameters and (1, ¥, %5 GN).

2. Zero interest rates in the short run. If C1 and C2 hold and the short-
term interest rate is zero, there is a locally unique bounded equilibrium
such that

m=m; VY it<TC



92 Eggertsson

where the analytical expressions for 7Z and Y are given in the appendix
and depend on the structural parameters and (1, %%, %5, G, 7¢).

Proof.  See the appendix.

To focus the discussion, I mainly discuss the effect of a permanent ex-
pansion in government spending below. I then briefly comment on per-
manent variations in the other policy instruments. Consider first the
long-run effect of an increase in government spending. According to prop-
osition 3 it is

-1
Y _ Ko (d)ﬂ_l) AN
LT b 1)+ (1= By L

(34)

Hll!o_ld)y aN
K(br —1) + (1 — B)d)y b

that is, a permanent increase in government spending raises permanent
output (because people will work more to make up for lost private con-
sumption), and it lowers inflation permanently (because output is now
above steady state). This latter effect is highly dependent on the mone-
tary policy commitment, for example, it disappears if either ¢ — o or
¢, — 0in the policy rule. The long-run multipliers in our baseline calibra-
tion are shown in table 3. A question of even greater interest, however, is,
how does this change our short-run analysis?

Consider the AD and the AS equations, where short-run spending is
Gs, long-run spending G;, and the long-run effect of policy on output
and inflation is captured by Y., m computed from formulas (34) and (35):

T, = —

(35)

AD Ys=pYs+ (1- H)YL —opums + o(1 — p)m + org
+{Gg —nGy + (1 -G}, (36)

Tg = KYS — Klbo_léls\] +ppm, + B(1 — p)ms. (37)

Again we can plot these two curves up in (Ys, 75 ) space, and their slope is
identical to our earlier analysis, as shown in figure 10. What differs is how
fiscal spending shifts these two curves. The first thing to observe is that if
the increase in government spending is permanent, then G§ = G} and
the last term in the AD equation disappears. Hence the spending effect
we considered in Section VIII on aggregate demand is simply not there.
The reason for this clarifies why government spending had an effect in
our previous exercise. The main problem at the zero bound is insufficient
spending, that is, the economy “needs” a negative real interest rate, which
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Fig. 10. Permanent increase in government spending that is contractionary

calls for higher spending today. However, this is not “insufficient spend-
ing” in the abstract. It refers to spending in the short run relative to the long
run. If the government increases spending both in the long and the short
run, there is no effect on spending in the short run relative to the long run
and thus no effect on demand.

For aggregate demand, however, the story does not end here. In our
previous example we assumed that in the long run things would go back
to steady state, hence Y; = m, = 0. With a permanent expansion in the
government this is no longer the case, and this very fact has an influence
on expectations, captured by (1 — p)Yy and (1 — p)m, and thus aggre-
gate demand in the short run. On the one hand, the permanent increase
in government spending will increase labor supply because it takes out-
put away from consumption to government use (thus increasing mar-
ginal utility of private consumption) and thereby increasing Y; and shifting
out demand, as shown in figure 10. On the other hand, there may be an
effect on inflation in the long run, depending on how monetary policy
reacts to this increase in long-run output. Our monetary commitment
in equation (12) implies that monetary policy will offset the output in-
crease to some extent, thus leading to a lower 77, and thus moving back
demand in figure 10. What is the net effect on demand? This depends on
the parameters, as seen by the formulas in proposition 3. The total effect
can be either positive or negative. Table 3 suggests that for the mode of our
baseline calibration the net effectis AY; /AGy + o(A7w. /AGL) = 0.3063, a
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small but nontrivial number. We can compare this to the demand effect we
saw in Section VIII, where demand moved one to one with government
spending increase (in that case AY; / AG + o[A7w. /AGL] = 0, and the ef-
fect was completely driven by change in spending in the short run vs. the
long run). The demand effect of temporary government spending in re-
sponse to the shock, in other words, is more than three times greater than
if the change is expected to be permanent!

This is only half of the story. Let us now turn to the AS equation. As
before, the increase in government spending shifts the AS curve out.
Given the upward-sloping AD curve, however, this is contractionary in
the short run, as we have already discovered. On top of this we have the
effect of lower long-run inflation expectations, puw, which shifts the AS
curve out even further. The question now becomes which force is stron-
ger in the short run, the contractionary effect of government spending
due to its negative effect on short-run inflation expectations due to the
increase in aggregate supply it causes, or the positive effect of permanent
spending on long-run output expectations. The answer is in table 3. In
our numerical example the short-run effect of a permanent increase in
government spending is contractionary according to the mode of our
baseline calibration. Thus, while temporary government spending is ex-
tremely effective to battle a recession, a permanent spending increase is
contractionary! Observe that the contractionary effect of a permanent in-
crease in government spending hinges very much on the fact that it leads
to a decline in long-run inflation expectations, thatis, Aw; / AGL < 0. This
effect was driven by the monetary policy commitment (13). We can ab-
stract away from this channel by assuming that ¢ — o or ¢, — 0. In this
case a permanent increase in government spending is no longer contrac-
tionary but has a small positive effect. The multiplier is 0.4250. The small,
or even negative, effect of a permanent increase in government spending
explains why Cogan et al. (2009) report fiscal multipliers that are much
smaller than I reported in Section VIII. They assume that the expansion in
fiscal spending is more permanent than the duration of the zero nominal
interest rates. Note that permanent sales tax cuts have exactly the same
effect as government spending, but weighted by ox°.

Moving to other tax cuts, similar forces are at work for labor taxes as
before, that is, in the short run a labor tax cut increases aggregate supply
and creates short-run deflationary expectations. Through that mecha-
nism a cut in labor taxes is contractionary as before. Now, however, there
is an effect of these tax cuts on long-run expectations, and this can have an
effect on both supply and demand. Let us focus on the demand side since
this is what is new in this case. The effect comes about, as with government
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spending, through the term AYy /AtY + o(Am /ATY) = 0.2997 so that
on net there is an increase in demand due to higher expectations of future
income (because labor taxes are lower in the long run, output in the long
run is also higher). As before, however, the total effect of a permanent de-
crease in labor taxes in the short run is negative, as can be seen in table 3.
Finally we see that the multiplier of capital tax cuts is again negative but
small. This is of less interest, since if one wants to take the long-run effects
of capital taxes seriously, we need to take endogenous capital accumula-
tions into account, which we do in Section XIV.

Let me conclude this section by emphasizing that I do not consider the
results reported in table 4 as a reliable estimator of a “stimulus” for at
least two reasons. The first, and perhaps less important, is that it seems
to me to be unrealistic to assume that, for example, an increase in govern-
ment spending is permanent. The fiscal stimulus in 2008 (and 1933), for
example, involved a fair number of infrastructure projects that clearly
seemed to be aimed at temporarily creating employment (one could ar-
gue that some entitlements spending, e.g., due to health care reforms, has
a stronger persistence; that type of spending, however, would seem more
accurately described as an increase in G} which is substitutable with pri-
vate consumption and has no effect on inflation and output). The second
reason to view table 4 with some caution is that a large part of the effect is
coming from the long-term monetary commitment, that is, the effect of
the permanent increase in spending on long-term inflation 7; . One might
argue, instead, that m; should be some constant number that does not
depend on policy (e.g., because monetary policy only responds to the
deviation of output from its “natural/flexible price” level). In any event,
the general point is that once we start thinking about permanent policy
changes, their effect depends very much on how those policy changes
affect the long-term stance of monetary policy. That assumption needs
to be explicit and a key part of the analysis.

XIII. The Consequence of Deficit Spending

So far I have not modeled the dynamics of the government budget con-
straint. The reason I could get away with this in the context of the model is
because I assumed lump-sum taxes and that any variation in government
spending or one of the tax instruments would be offset by current or future
lump-sum taxes. The dynamics of debt, therefore, play no role since the
timing of lump-sum taxes is irrelevant due to Ricardian equivalence.
More realistically, variation in taxes and spending is not counteracted
with current and/or future lump-sum taxes. Instead, it is likely that an
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increase in debt today will be offset by future distortionary taxes or a re-
duction in future government spending. How might this change the re-
sults? Will it lead us to favor or disfavor deficit spending?

The answer depends on the theory we have of how the future debt will be
paid off, that is, with what combinations of tax increases and/or spending
cuts or even inflation. Eggertsson (2006a), for example, points out that if the
debt is nominal, then future governments have an incentive to inflate. He
analyzes a Markov perfect equilibrium of the game between the govern-
ment and the private sector. Since one of the main goals of policy in the short
run in the model is to counteract deflationary expectations, increasing fu-
ture inflation expectations through higher nominal debt can have a large
positive effect on demand in the short run. Eggertsson (2008a) argues that
this mechanism may in fact have played a role in the turnaround in 1933
when the United States started recovering from the Great Depression, mov-
ing from two-digit deflation into modest inflation. It is worth stressing,
however, that deficit spending can also have some contractionary effects.

To the extent that future debt will be paid off by taxes that reduce out-
put in the long run, however, this may have a negative effect on demand
in the short run. Sorting out various different channels and mechanisms
through which the dynamics of the government’s budget constraint feed
into expectations of future taxation, inflation, and output is an important
direction for future research; these mechanisms may have a nontrivial
effect on the estimates of fiscal multipliers in general equilibrium.

Finally, it is worth stressing that our analysis suggests that within the
model it is actually possible to compute a balanced budget stimulus pack-
age that is even more stimulatory than tax cuts or spending increases that
are financed by lump-sum taxes. An example of this is a temporary cut in
sales taxes (which is expansionary) that is financed by a simultaneous in-
crease in labor taxes or capital taxes (both of which are also expansionary
in the model). As I have already mentioned in Section IX; this can even elim-
inate the problem of the zero bound altogether, provided that there is a rich
and flexible enough tax structure. As noted in the introduction, however,
there may be some reasons outside of the model that make such a policy
counterproductive (e.g., liquidity constraints on both firms and consumers).

XIV. The Paradox of Thrift

I conclude the paper by illustrating the paradox of thrift in the extended
model that allows for endogenous capital. Besides confirming the previous
conclusion and illustrating the paradox of thrift, this model is also interest-
ing because it allows us to consider investment tax credits and also gives a
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more important role for varying taxes on profits. Consider now an econ-
omy in which each firm uses both capital and labor as inputs in production,
that is, v, (i) = K;(i)"1;(i)' ™, and K; (i) is firm-specific capital. Following
Christiano (2004) and Woodford (2003), let us assume that, in order to in-
crease the capital stock to K1 (i) from K (i), the firm invests at time ¢

i) = & [Kgl(g) , gt} K,

where the function ¢ satisfies b(1,€) = §, ¢/(1,€) = 1,7 >0,$5(1,€) =0,
and ¢'5(1,€) #0. The variable \ corresponds to the depreciation rate of
capital. At time ¢, the capital stock is predetermined. I allow for the shock
to appear in the cost-of-adjustment function. The shock to the cost of ad-
justment, in addition to taxes, is the only difference relative to Christiano
(2004) and Woodford (2003). Accordingly, the description of the model
below is brief (readers can refer to these authors for details and also to
the extended version of this paper available as Eggertsson [2010]).

Instead of one aggregate demand equation as in previous sections,
there are now two Euler equations that determine aggregate demand:
the investment Euler equation and the consumption Euler equation. The
basic form of the two equations is the same, however; both investment
spending and consumption spending depend on the current and expected
path of the short-term real interest rate. The firm-pricing Euler equation
is the same as in the model without capital but with an additional term
involving the capital stock. An important assumption is that we assume
that the shock enters the cost of adjustment of investment, which is a key
difference from Christiano (2004). This assumption is consistent with the
interpretation that this disturbance is due to banking troubles that raise
the cost of loans, which should affect investment spending and consump-
tion spending in the same way.

I'assume the same coefficients as in the model without capital, that is, I
choose parameters so that , o, 3, and « correspond to one another in the
two models and assume exactly the same value for shocks. I then need to
choose values for 77, y, N, and &'.. The values are summarized in table 5.
The parameters \ and vy are taken from the literature, but the value for 1
is chosen so that the output in the fourth quarter of the “contraction” is
-30%. (It is assumed that investment declines in the same proportion as

Table 5
Parameter Values

Parameters 25 71.935 .025 3
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consumption.) Figure 11 compares the dynamics of output and inflation
in the model with and without endogenous capital stock. They are almost
identical, although the deflation is slightly less, reflecting that the extra
terms in the AS equation with endogenous capital tend to increase mar-
ginal costs (and thus limit the deflation). To achieve this fit, the degree of
capital adjustment is ! = 71.9. Future work should include a more sys-
tematic analysis of the model, taking investment data more explicitly into
account and explicitly pick the parameters to maximize the posterior of
the model, as we did in previous sections. As the figure shows, capital
dynamics do not add much to the analysis, at least in terms of inflation
and output dynamics. This result is somewhat at odds with the findings
of Christiano (2004), who finds that adding capital gives somewhat dif-
ferent quantitative conclusions. The main reason for this may be that I
have added similar shocks to the investment Euler equation as to the con-
sumption Euler equation (by adding the shock to the investment adjust-
ment cost), together with the strategy I follow in calibrating the model.
Table 6 shows how the multipliers change quantitatively with this exten-
sion given the calibration strategy just described. As the table reveals,
they do not change much. The difference might even be smaller if we fol-
lowed the same estimation strategy for the model with capital, as we
used with the model with fixed capital stock.

Several things are interesting about this extension apart from confirm-
ing the robustness of the previous analysis. Endogenous investment al-
lows us to consider one alternative instrument, that is, the investment tax
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Fig. 11. Comparing the model with and without capital



What Fiscal Policy Is Effective at Zero Interest Rates? 99

Table 6
Comparing Multipliers of Temporary Policy Changes in the Model with and
without Capital

Without Capital i; = 0 With Capital iy =0

¢ (payroll tax cut) -1.0191 -1.2706
G} (government spending 1 increase) 0 0

GN (government spending 2 increase) 2.2793 2.69
77 (sales tax cut) 2.5179 -2.73
7/ (capital tax cut) -.1012 -.0752
77 (capital tax cut) —-.4670
7! 3116

credit. Table 6 shows the multiplier of a tax credit: a tax credit that allows
firms to deduct one additional percent on top of the purchasing price of
their investment from taxable profits would lead to a 0.31% increase in
output. This expansionary effect occurs because an investment tax credit
gives firms an incentive to invest today relative to in the future, thus
stimulating spending.

Another interesting statistic is the effect of cutting the tax on savings, 7/
Cutting this capital tax will give consumers an incentive to save more. Since,
in equilibrium, savings must be equal to investment, one might expect that
this would stimulate investment. The calibrated model, however, gives the
opposite conclusion. A 1% decrease in #/* at zero interest rates will instead
lower investment by 0.2384. The main reason is that even if a lower tax on
capital gives the household more incentive to save, it reduces aggregate
income at the same time. In equilibrium, this effect is strong enough so that
even if each household saves more for a given income, aggregate saving
declines. This is the classic paradox of thrift, first suggested by Keynes.

As before, a decrease in £/ results in a reduction in output, of similar
order as in the model without capital, and the logic of the result is the
same. The effect of cutting the tax on profits now is no longer neutral. If
the tax on profits is reduced, then given the way I model this tax, the firm
has an incentive to delay investment in order to pay out as much profits as
possible at the lower tax rate now. Hence, to stimulate investment, the gov-
ernment should increase the tax on current profits, with a promise to re-
duce them in the future. This will give firms an incentive to spend their
cash on investment today rather than on dividends payments.

XV. Conclusions

The main problem facing the model economy I have studied in this paper
is insufficient demand. In this light, the emphasis should be on policies
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that stimulate spending. Payroll tax cuts may not be the best way to get
there. The model shows that they can even be contractionary. What should
be done, according to the model? Traditional change in government
spending is one approach, although it needs to be targeted and temporary,
or sales tax cuts and investment tax credits. Another is a commitment to
inflate. Ideally, all should go together and, as we have seen, this may even
eliminate the problem of the zero bound altogether for a flexible enough
tax structure. Government spending, sales tax cuts, and investment cred-
its have an advantage over inflation policy in that no credibility problems
are associated with them. Inflation policy, however, has the advantage of
not requiring any public spending or variations in the tax code which
may be at its “first best level” in the steady state of the model studied
here. Any fiddling around with the tax code should take into account that
deflation might be a problem. In that case, shifting out aggregate supply
can make things worse.

What should we take out of all this? There are two general lessons to be
drawn from this paper in my view. The first is that insufficient demand is
the main problem once the zero bound is binding, and policy should first
and foremost focus on ways in which the government can increase
spending. Policies that expand supply, such as some (but not all) tax cuts
and also a variety of other policies, can have subtle counterproductive
effects at zero interest rates by increasing deflationary pressures. This
should—and can—be avoided by suitably designed policy.

The second lesson is that policy makers today should view with some
skepticism empirical evidence on the effect of tax cuts or government
spending based on post-World War II U.S. data. The number of these
studies is high, and they are frequently cited in the current debate. The
model presented here, which has by now become a workhorse model in
modern macroeconomics, predicts that the effect of tax cuts and govern-
ment spending is fundamentally different at zero nominal interest rates
than under normal circumstances.

Appendix

Proofs

Proof of Proposition 1

For the steady state we assume that each of the fiscal instruments are equal

to some constant value, that is, 7§ = 7°, 7% =79, 7/ = G = GN, and
G = G°. The value of T; = T is then backed out as residual to solve the
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budget constraint (2) in the steady state. Given these values it is easy to
verify that the following constants, Il; = P; /P, 1 =p; /Py =11=1,Y; =
Y, i()H)=y()=Y:=Y, iy =i =p' —1,and C; =C; = Y GN -G°
solve equations (2)—(9) and the rest of the model where Y is the solu-
tion to

0 1+7  o(Y)
0—-11-7"y (Y -GY)

Observe that there is no need to assume that the steady state is efficient.

The AD equation is a straightforward first-order approximation of the
two equations (3) and (7); for details about the accuracy of this approach,
which is an application of the implicit function theorem, see Woodford
(2003, app. A) and for special consideration arising due to the zero bound,
see Eggertsson and Woodford (2003). The derivation of the AS equation is
slightly more involved, and the main steps are outlined briefly below (see
proof of proposition 3.5 in Woodford (2003, app. B.4) for the standard
case and more details for each step of the derivation).

The price index (6) can be approximated to yield

log P; = alog P;_1 + (1 — o)log p;,

while an approximation of (5) yields
"

Solving this equation for log p; and subtracting log P; from both sides,
and expressing the expected change in the price index over various fu-
ture horizons in terms of expected inflation rate at various future dates,
we obtain

pr=>0-ap Et{i [ Z 1 o8 +—1 +1wexw1“"}

(ap)"[(1 + w6)(log p} —logPr) — X*t% — x"#%

Ms

.ﬂ

=t
—(0+o HYr + olél}]]} =0.

T=t o =t+1
+Oii:>e Tr - 11 eGN}
N Et{ Z(QB) {agﬂﬂl i 1 —i—lu)G X+ 1 —i—lu)e X
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where p; = log(p; /P¢). This implies that

A5 (1 — OLB)
T100) X " T Axws)
o711 —ap)

— Wéi\] + OLBEtf?;:J .

(@+o (1 —ap)
(1+ w0)

(1 —(XB) s

P; = aPEimg + XYt + t

The linearization of the price index implies (subtracting log P; from
both sides) that the inflation rate is

l-a,,

Pt -

e =
o
Substitute this into the equation above, and one obtains the AS equation
in the text. QED

Propositions 2 and 3

While the steps in the proofs for propositions 2 and 3 should be familiar
to most readers, they are provided here for completeness. For the reader’s
convenience, I first reproduce a result in linear rational-expectations
models that is shown in Woodford (2003). I will use his results in my
proofs of propositions 2 and 3. But first let me state the algebraic expres-
sions for the parameters in C1,

Kdg + (1 — Bu)d)y A

LLa= o

T A=t oby) (1 — pr) + ko(ds —p) %

bl (- R + opriid, .

T A= p A oby)(T— )+ Ko(br — ) *

p— Ko_l(l - H)(O - dr’)d)fr + [(1 - H)(l - B‘H) - K‘l’“]‘by
GN = .

(1—=p+ody)(1—pp) +ro(dr —p)
Proposition Al

Consider a linear rational-expectations model of the form
Ezp1 = Azy + aey,

where z; is a two-by-two vector of nonpredetermined endogenous state
variables, e; is a vector of exogenous disturbances, A is a two-by-two matrix
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of coefficients, and a is two times the number of exogenous distur-
bances. Rational-expectations equilibrium is determinate if and only
if the matrix A has both eigenvalues outside the unit circle (i.e., with
modulus |A| > 1). Denote the determinant of the matrix A as det(A)
and its trace as tr(A).

The condition for a unique bounded solution is satisfied if and
only if

Case 1 (a) det(A) >1 (b) det(A) — tr(A) > —1 (¢) det(A) + tr(A) > —1.
Case 2 (d) det(A) —tr(A) < —1 (e) det(A) +tr(A) < —1.
Proof.  See proof to proposition C.1 in Woodford (2003, 670-71).
Proof of Proposition 2

The system can be written in the form

Eizi = Az,
where
[3]
and
A= { P PN ]
o(¢r —B71) 1+o(de +rB

Observe that tr(A) =1+ B! + okB~! + od, and det(A) = B 1[1 +
0(dy + kdr)]. Case 2 of proposition Al clearly does not apply; see, for ex-
ample, that condition e is violated. Now consider case 1. As seen above,
condition a is satisfied because the determinant is positive. Condition ¢
is also clearly satisfied since both det(A) and tr(A) are positive, which
leaves condition b, which we show applies if b + [(1 — B)/k]dx > 1:

P+ o(dx + kda)] = 1= 71 = okp™! = 0dy
> -1 br +[(1-p)/k]dr > 1.
It is now easy to confirm that the analytic solution in the proposition

(which, from the discussion above, we know is unique) is the one given
in the proposition, that is, m; = Y; = 0 and i; =7. QED



104 Eggertsson

Proof of Proposition 3

Here
P=_ Koil[(l_u+0¢y)¢'_0—(1_u)] "N_(I S..S
TS = T[T = it oty (L= B) T w0y — )] 50X
N (1 -+ oby ) s
[(1—p+ody)1—pp) +ro(ds —p)] "~ S
" Ko !
[(1—p+0by)(1—pp) +Ko(dr —p)]~ %’
ep_ (L= (1 —pp) + k¥(dr —p)] AN s
s = T p) T+ ody) T rolr —p) 05~ X TS
_ (y(d)’n' - M)K\b qufw
(1—pp)A —p+ody) +Ko(br —p) "~ 3
o(1—pp) A=A
* (1=pBp)(1 —p+ody) +ro(br —p) Xt
z = Ko e K(l — H)[(l — ‘11071] AN oSS
S A=W — wp) — o s T - W — ) — o 105~ OX 7S]
KO AaA (1 —H)K\U WaW
T —mp) —wo XS T A A =) — o * TS
o7 _ o(1—pp) e, A=A —pp) —prY Ay o
s = T =) —pon 'S T A= w)(T = up) — pors 05~ XS]
+ 0(1 B “B) ArA MOK[IJ Xw_?gJ.

(T— )T —pB) —por * ' (1= p)(1 - pup) — por

Consider the solution at time ¢ < 7. Given the result from proposition 1,
we can write expectations of inflation and output as

E(Yia\M<7) =1 —-pEYS, +ux0=(1-pEY.,,

where the notation E} is used as the expectation of the variable Y; 4
conditional on the shock being in the S state, that is, f +- 1 < 7. Similarly,
the notation Y7 ; is used to signify that this is the value of Y;;1 condi-
tional on t 4+ 1 < 7. We can similarly write inflation as

E(ma\t<t)=(1- u)Etﬂ'tSH +px0=(1- H)Etsﬂts+1.
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Hence
Y =pE Y — off + opEsmS 4 oré+ (1— p)GY
_0(1 - M)fsé + 01“547
w0 = kY, + k(R +15) — ko Gy + BuEmS,

i = max(0,7¢ + drm)).

Part i

Consider first part 7, and let us conjecture that the zero bound is not bind-

ing. Then we can write

S _ A8 s
Eiz} = Az} +ae;,

where
]
z;=| L,
t Tfts
and
T+o(by+xp™") o(br — B
= B
s Ca
B p
e SR+l op oyt kR4l op o
I A i i i i
“ T ‘ Rbo Bl kT kg 0
Ts B m m

Observethattr(A) = (14 p~' + okB™ + od,)/pand det(A) = (B~ +
kB dr + op 1y, )/u?. Case 2 of proposition Al clearly does not ap-
ply; for example, condition e is violated. Hence, consider case 1. As seen
above, condition 7 is satisfied because the determinant is positive since
p > 0. Condition c is also clearly satisfied since both det(A) and tr(A)
are positive. Which leaves condition b, which is shown to apply below:

B +okpldr +op 'y 14T+ ok +ody
p? 1

> e = (1+p + okp ™+ oby )u+ B+ okB b + 0By, >0,
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which holds for any p € [0,1] as long as ¢ + [(1 — B)/k]dx > 1. This
proves that there is a unique bounded solution in the short run of the
form stated in the proposition. The algebraic form of the solution in the
proposition can be found using standard methods, for example, meth-
od of undetermined coefficients. Note in particular that the analytical
solution for the nominal interest rate suggests that it is only satisfied
as long as C1 does not apply. QED

Part ii
We now consider the case in which both C1 and C2 apply. From the solu-

tion for the nominal interest rate in part i of the proposition we see that
this implies that the zero bound is binding. Then we can write

Ez},, = Az} + aer,

where
S
s_|Y
= ]
OR
1+E op 1
A= 0 B
K 1
P P
},6
N o _KUBTTH1-p okypTt wppil-op o
e = 1'”% a= H K u n
fES 0 ko 'pt CRyp! Ckpp! 0
24 H 0 K

Observe that tr(A) = [1+ B+ (ok/B)]/n = [1 + B + (ok/p)]pn/p?
and det(A) = p~!/u2. Case 2 of proposition Al clearly does not ap-
ply, because, for example, condition e is violated. Consider case 1.
As seen above, condition a is satisfied because the determinant is pos-
itive since 1 > p > 0. Condition c is also satisfied since both det(A) and
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tr(A) are positive. Which leaves condition b, which is shown to apply
below:

P 4R 4 (ow/B)(1 — 1)
(1—p)? (1—p)?
—ok=p(1-p1-p) - (1-pok >0,

> -1 pp’+pu(l — B+ ok)

P [I+p T+ (ok/p)n 2 1, OK

+1=1-p)(1~pp)—Kpo >0,

which is condition C2. This proves that there is a unique bounded solu-
tion in the short run of the form stated in the proposition, provided C1
and C2 apply. The algebraic form of the solution in the proposition can
be found using standard methods, for example, method of undeter-
mined coefficients. QED

Proofs of Propositions 4 and 5

o _ (L=B)Pf — k(dr — DXUTE + ko (dr — 1[G) — ox°Fi]

Y. = :
" 5(bn — 1) + (1= P)dy
TrL_KX 4+ kb, X TP — ko~ 1¢y[ — ox°T} ]
(‘bﬂ - 1) ( )d)y 7
gre (=W =)V + (1= W + (dr — wrh[GY — ox*t] — ox“#§] + (1 —up)x *#f
s (1—p+ody)(1—pp)+ ok(br —p)
= (L= 0kYs + (1= ko + B(1 =+ oy )Im
° (1—pB)(1 — p+ ody) + ok(br — )
—ko (1 = p + 0dy)[GF — oxe i)+ orx e+ k(1 -+ ody )X 1Y
(1= up)(1 = p+ ody) + ok(ds — p) ’
co_ (I=pp)l-p) o o(1—pp) ¢
V2= Y+ +o(l—pp
SR — 0 —oms - T wp) (= p) —opr - T OB
OpKY YR MK
Q—pp)(I—p)—ops™ " (1-pp)(1—p) - opx
2 SAS 1 ~
<[GL+ X MBS( ))— o X 7L
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- k(1 —p) o (1—p)ok+ (1 —p)p]
= Y
ST AT —p) —por (1T —pp)(1— ) — po |
OKR e OR AaA
AR —pon S T AT —p) —por X L
_|_ Kll"(l - “) Xw_";z/ _ K¢071(1 - “)

(T=pp)(1 —p) — pox (I =up)(1 —p) — pox

ICN — ox*F]

These proofs of these propositions follow exactly the same steps as proofs 2
and 3, and again one can find the algebraic solution by using the method
of undetermined coefficients.

Endnotes

A previous draft of this paper was circulated in December 2008 under the title “Can Tax
Cuts Deepen the Recession?” I thank Matthew Denes and Sonia Gilbukh for outstanding
research assistance. I also thank Daron Acemoglu, Larry Christiano, Greg Mankiw, Lee
Ohanian, Bruce Preston, and Mike Woodford for several helpful discussions on this topic
and seminar participants at Columbia University, Johns Hopkins University, the Federal
Reserve Bank of New York, and Princeton University. The views expressed in the paper
are mine and do not necessarily reflect the position of the Federal Reserve Bank of New
York or the Federal Reserve System. Any errors or omissions are my responsibility. Contact
the author at Eggertsson@ny.frb.org.

1. This group consisted of 200 leading economists, including several Nobel Prize winners,
who signed a letter prepared by the Cato Institute.

2. For an early proposal for temporary sales tax cuts as an effective stabilization tool, see,
e.g., Modigliani and Steindel (1977).

3. See, e.g., Gordon and Krenn (2010), who report similar multipliers for 193941 for gov-
ernment spending as found here.

4. The contractionary labor tax cuts studied, although entirely standard in the literature, are
very special in many respects. They correspond to variations in linear tax rates on labor income,
while some tax cuts on labor income in practice resemble more lump-sum transfers to workers
and may even, in some cases, imply an effective increase in marginal taxes (Cochrane 2009).
Similarly, this form of taxes does not take into account the “direct” spending effect tax cuts have
in some old-fashioned Keynesian models and as modeled more recently in a New Keynesian
model by Gali, Lopez-Salido, and Valles (2007). A similar comment applies to taxes on capital.
There could be a “direct” negative demand effect of increasing this tax through households’
budget constraints. Another problem is that an increase in taxes on capital would lead to a
decline in stock prices. An important channel not being modeled is that a reduction in equity
prices can have a negative effect on the ability of firms to borrow, through collateral constraints
as in Kiyotaki and Moore (1997) and, thus, contract investment spending. This channel is not
included in the model and is one of the main mechanisms emphasized by Feldstein (2009) in
favor of reducing taxes on capital.

5. The connection to the paradox of thrift was first pointed out to me by Larry Christiano in
an insightful discussion of Eggertsson and Woodford (2003). See Christiano (2004). Krugman
(1998) also draws a comparison to the paradox of thrift in a similar context.

6. This list is not nearly complete. See Svensson (2003) for an excellent survey of this
work. All these papers treat the problem of the zero bound as a consequence of real shocks
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that make the interest rate bound binding. Another branch of the literature has studied the
consequence of binding zero bound in the context of self-fulfilling expectations. See, e.g.,
Benhabib, Schmitt-Grohe, and Uribe (2002), who considered fiscal rules that eliminate those
equilibria.

7. Committing to future inflation may not be so trivial in practice. As shown by Eggertsson
(2001, 2006a), the central bank has an incentive to promise future inflation and then renege on
this promise; this is the deflation bias of discretionary policy. In any event, optimal monetary
policy is relatively well known in the literature, and it is of most interest in order to under-
stand the properties of fiscal policy in the “worst case” scenario if monetary authorities are
unable and/or unwilling to inflate.

8. Among other papers that studied the importance of real government spending and
found a substantial fiscal policy multiplier effect at zero interest rate is Williams (2006). That
paper assumes that expectations are formed according to learning, which provides a large
role for fiscal policy.

9. See, e.g., Clarida, Gali, and Gertler (1999), Benigno and Woodford (2003), and Christiano
et al. (2005). Several details are omitted here, but see, e.g., Woodford (2003) for a textbook
treatment.

10. It would simply add asset-pricing equations to the model that would pin down stock
prices.

11. See, e.g., Eggertsson and Woodford (2003) for further discussion.

12. For details on the log-linearization and steady state of this class of models see, e.g.,
Woodford (2003), and for special considerations that arise due to the zero bound, see
Eggertsson and Woodford (2003). _ _

13. The coefficients of the model are defined as follows: o= —(ii./ii..Y), ® =0;L/7,,

=1/(c '+ o), k={[1- o)1 —ap)]/a}[(c! +®)/(1+ wd)], wherethebardenotesthat
the variable is defined in the steady state. The shock is defmed as r{ = log B4+ E (gt gM ),
where £; = logt, /€. Finally we define x4 = (1 —p)/(1 —74), x*=1/(1-7), and x° =
1/(1 +7°). In terms of our previous notation, i; now actually refers to log(1 + ;) in the
log-linear model. Observe also that this variable, unlike the others, is not defined in deviations
from the steady state. I do this so that we can still express the zero bound simply as the re-
quirement that #; is nonnegative. For the purposes of interpretation I have scaled the fis-
cal policy variables in a particular way in order to have a more meaningful comparison of
“multipliers” in coming sections. The term G is the percentage changes of government
spending from its steady state as fraction of steady state output. We want the other tax instru-
ment to be of a similar order to facilitate comparison of alternative fiscal actions. Because all
production is consumed then, in the absence of shocks, a 1% increase in the sales tax, local to
the steady state, will increase revenues by exactly the same amount as the increase in govern-
ment spendmg, which is why we define T} = 7} — 7°, that is, it has the mterpretatlon of a per-
centage increase in the sales tax rate (which would exactly finance an increase in GN one to
one). Similarly 7 = 7’ — 7¥ measures the percentage increase of the tax rate on labor Given
these deﬁmuons I scale each of the tax instruments with x° and x¥. Fmally, I define the vari-
able 3/ so that a 1% increase in this variable corresponds to a 1% increase in the tax on capital
income per year, to be comparable with the tax on labor income.

14. This assumption simplifies that analysis quite a bit, since otherwise, when consider-
ing the effects of particular tax cuts, I would need to take a stance on what combination of
taxes would need to be raised to offset the effect of the tax cut on the government budget
constraint and at what time horizon. Moreover, I would need to take a stance on what type
of debt the government could issue. While all those issues are surely of some interest in
future extensions, this approach seems like the most natural first step since it allows us
to analyze the effect of each fiscal policy instrument in isolation (abstracting from their effect
on the government budget). Note that by making this critical assumption, I do not need to
talk in detail about several issues related to fiscal policy in the fully nonlinear model; see,
e.g., Eggertsson and Woodford (2003) for a discussion.

15. This conjecture is formally proved in propositions 2 and 3.

16. The contraction is amplified without a bound as p increases. As p increases, the AD
curve becomes flatter and the AS curve steeper, and the cutoff point moves further down in
the (Ys»mg) plane in figure 2. At a critical value 1 > i > 0 when L(ji) = 0 in C2, the two
curves are parallel, and no solution exists. The point fi is called a deflationary black hole. In
the remainder of the paper we assume that 1 is small enough so that the deflationary black



110 Eggertsson

hole is avoided and the solution is well defined and bounded (this is guaranteed by the
inequality in assumption C2). A deflationary solution always exists as long as the shock
p is close enough to zero because L(0) > 0 (at u = 0, the shock reverts back to the steady
state with probability 1 in the next period). Observe, furthermore, that L(1) < 0 and that in
the region 0 < u < 1 the function L(u) is strictly decreasing, so there is some critical value
B =p(ko,p)<1in which L(p) is zero and the model has no solution.

17. Note that the value of 75, 7, and T4 only matters for determining x4, x%¥, and %°,
which simply scales the multipliers. Hence changing the value of these parameters will just
move the multipliers I report by exactly the same amount as they change the x's. The value
of b and ¢, are those suggested by Taylor (1993). Note that in his paper he expressed the
rule in terms of annualized interest rates and inflation so that his interest rate referred to 4i
and his inflation measure to 47; in my notation. Hence the coefficient on Y} is 0.5/4 accord-
ing to my notation.

18. A case in which the central bank targets a particular inflation rate, say zero, corre-
sponds to ¢ — co. In this case, the AD curve is horizontal and the effect of the tax cut is very
large because the central bank will accommodate it with aggressive interest rate cuts.

19. This was pointed out by Larry Christiano in his commentary on this article. Note that
it is important in this thought experiment that we assume that current or future lump-sum
taxes will offset the labor income tax cut so that the model is Ricardian.

20. This equilibrium form of policy is derived from microfoundations in Eggertsson
(2008a) assuming a Markov perfect equilibrium.

21. Note that the denominator is always positive according to C2. See the discussion in
n. 16.

22. This is essentially Feldstein’s (2002) idea in the context of Japan, although he sug-
gested that Japan should commit to raising future VAT. As documented below, there are
some subtle reasons for why VATs may not be as well suited for this proposal because of
how they typically interact with price frictions.

23. To see this, simply observe how labor taxes and sales taxes enter the AD and AS equa-
tions (10) and (11). This is also shown in Correia et al. (2010) in a bit more general context.

24. In the rule we assume, once ¢ — oo there is no effect. If there is a time-varying coef-
ficient in the Taylor rule that depends on taxes, there can also be no effect.

25. See, e.g., Eggertsson and Woodford (2004). Our assumption about the shocks is such
that Y; = 0in their notation. See the discussion in sec. 1.2 of that paper and also Eggertsson
(2008a), who discusses this assumption in some detail.
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