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Abstract

We revisit the monetary paradoxes of standard monetary models in
a liquidity trap and study the channels through which they occur. We
focus on two paradoxes: the Forward Guidance Puzzle and the Para-
dox of Flexibility. First, we propose a decomposition of consumption
into substitution and wealth effects, both of which take into account the
general equilibrium effects on output and inflation, and we show that
the substitution effect cannot account for the puzzles. Instead, mon-
etary paradoxes are the result of strong wealth effects which, generi-
cally, are solely determined by the expected fiscal response to the mon-
etary shocks. We estimate the fiscal response to monetary policy shocks
with US data and find responses with the opposite sign to the ones im-
plied by the standard equilibrium. Finally, we introduce the estimated
fiscal responses into a medium-size DSGE model. We find that the
impulse-response of consumption and inflation do not match the data,
suggesting that wealth effects induced by fiscal policy may be impor-
tant even outside of the liquidity trap. We show that models with con-
strained agents can produce strong wealth effects if gross private debt
is different than zero.

JEL Codes: E21, E52, E62, E63
Keywords: New Keynesian, Monetary Policy, Fiscal Policy, Zero-Lower
Bound, Wealth Effects



1 INTRODUCTION

In the aftermath of the financial crisis that started in 2008, many central
banks reached the effective lower bound on nominal interest rates, lead-
ing them to search for alternative, unconventional, instruments. An al-
ternative that has received considerable attention is “forward guidance”,
i.e., promises of future interest rate changes in an attempt to affect current
macroeconomic conditions. However, when central banks and academics
turned to the standard model of monetary analysis to evaluate the impact
of such policies, it was found that forward guidance produces counterfac-
tual responses, to the point many of the results of New Keynesian models in
a liquidity trap are deemed as “paradoxes” or “puzzles”.! In particular, the
prediction that changes in interest rates in the far distant future have arbi-
trarily large effects on current output is called the “The Forward Guidance
Puzzle” .2

The extreme sensitivity of current conditions to events in a distant fu-
ture led to a surge in work related to attenuating the forward looking na-
ture of the New Keynesian model. A burgeoning literature has explored
several mechanisms to dampen these forward looking effects, and intertem-
poral substitution effects in particular, through OLG models (Del Negro et
al. (2015)), heterogeneity and incomplete markets (McKay et al. (2016)), de-

viations from common knowledge (Angeletos and Lian (2016)), behavioral

!Despite the prominance of the effects of forward guidance, several other puzzles have
been identified, such as the “Paradox of Flexibility” (Eggertsson and Krugman (2012),
Werning (2012)), the backloading of fiscal multipliers (Farhi and Werning (2016)), or the
“Paradox of Toil” (Eggertsson (2010), Wieland (2014)).

2The term was coined by Del Negro et al. (2015) who also found that the model predic-
tions were at odds with estimates of the effect of forward guidance even for changes in a
relatively short horizon.



agents (Gabaix (2016), Farhi and Werning (2017)), or adaptive expectations
(Gertler (2017)), to cite a few recent exemples. Recognizing the general rele-
vance of these mechanisms to analyze a range of macroeconomic questions,
we propose an alternative diagnosis to the paradoxical results found in a
liquidity trap scenario: powerful wealth effects typically caused by strong
tiscal responses. Our analysis suggests that weakening intertemporal sub-
stitution effects is not necessary, and in many occasions not sufficient, to
eliminate the counterfactual predictions of the model.

We start by showing how to decompose the consumption response of
any equilibrium of the standard New Keynesian model into substitution and
wealth effects. It is well understood that the Forward Guidance Puzzle is the
result of general equillibrium effects.> Hence, it is important to go beyond
the standard decomposition in partial equilibrium and extend it to a general
equilibrium setting, where, for instance, the substitution effect is consistent
with the inflationary consequences of substituting consumption intertem-
porally. Our first main result is that, in the absence of wealth effects, the
equilibrium does not present any of the paradoxical results: even after fully
taking into account general equilibrium effects on output and inflation, the
effect of changes in interest rates is reduced with the horizon of the interven-
tion and the equilibrium is continuous in the price flexibility parameter.

The importance of wealth effects remains even if we take into account
some of the mechanisms proposed to reduce the role of forward looking
aspects of the model. In particular, many of the proposed formulations boil
down to a modified version of the New Keynesian model with a discounted
Euler equation, as in McKay et al. (2017). As long the discounting is not too

large, such that the equilibrium remains indeterminate under an interest

3See, for instance, Angeletos and Lian (2016) and Kaplan et al. (2017).
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rate peg, the puzzles are attenuated, but not eliminated.* We extend our
decomposition to an economy with a discounted Euler equation and show
that again, in the absence of wealth effects, the puzzles are eliminated.

Given the relevance of wealth effects in the counterfactual predictions
of the model, it is important to understand how wealth effects are deter-
mined. In the knife-edge case where government debt and proportional
taxation are equal to zero, such that monetary actions have no fiscal conse-
quence, wealth effects are purely self-fulfilling. Expectations for a path of
output consistent with a higher value for (physical and human) wealth will
increase demand, increasing output, and confirming the initial expectation.
In the case where either government debt or proportional taxes are different
from zero, however small, the response will depend on the expectation of
the fiscal response.

Generically, wealth effects are determined by a mechanism we call the
Intermporal Keynesian Cross, given that its logic is reminiscent of undergrad-
uate textbook analysis. The effect of autonomous movements in wealth,
components that are not directly a function of the expected path of output,
as expected fiscal transfers or the revaluation of bonds, is amplified in a
similar way as autonomous variations in income are amplified in the stan-
dard Keynesian cross. We find that the powerful wealth effects required by
the liquidity trap equilibrium cannot be generated by the revaluations of
bonds, but it is the result of expected fiscal transfers.

Our results are consistent with the findings of Cochrane (2017) and ?
who argue that the puzzles are eliminated by introducing the Fiscal Theory
of the Price Level. In his case, the only wealth effects are the ones gen-

erated by bond revaluations, which are not enough to create the puzzling

“Diba and Loisel (2017) also stress this point.
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outcomes. In contrast, we emphasize that whether we are in a monetary
or fiscal dominance regime is immaterial, as it is the expected equilibrium
behavior of the fiscal authority that matters, not the off-equilibrium interac-
tions of the fiscal and monetary authority. Hence, we view our contribution
as complementary to Cochrane’s work.

Finally, we analyze whether the channels emphasized in our analysis
are a feature of the zero lower bound or they are relevant to understand the
monetary policy transmission mechanism in normal times as well. In par-
ticular, we study the role of wealth effects and fiscal responses to monetary
shocks in a medium-scale DSGE model, as in Smets and Wouters (2007).
First, we show that the implicit transfers necessary to sustain the standard
equilibrium play an important role in the quantitative predictions of the
model. Absent the transfers, the impulse response functions for output and
inflation tend to display the opposite signs than with transfers. Next, we
ask what is the actual fiscal response to monetary shocks in the data. We use
the high-frequency identification approach adopted in Gertler and Karadi
(2015), augmented to account for fiscal variables. We find that not only
the size, but the sign of the estimated fiscal response go against the ones
implied by the standard equilibrium. As a final step, we feed the medium-
scale DSGE model with the estimated monetary and fiscal impulse response
functions, and compute the resulting dynamics of output and inflation. It is
worth emphasizing that this exercise is a test of the New Keynesian model
that does not rely on policy rules but instead imposes the observed path of
monetary and fiscal variables as restrictions, and hence is independent of
the debate about fiscal and monetary dominance. We find that by adding
the additional constraint on fiscal policy, the model has difficulty in gener-

ating reasonable impulse responses of consumption and inflation to mone-

4



tary shocks. This finding differs from the result in Kaplan et al. (2017) that
the main transmission mechanism of monetary policy in the representative
agent New Keynesian model is the intertemporal Euler equation.> We con-
clude that it may be useful to explore models with a richer portfolio struc-
ture in order to generate richer wealth effects in the absence of strong fiscal
response. In particular, we show that a medium-scale DSGE model aug-
mented by a heterogeneous agents model that produces indebted hand-to-
mouth improves the quantitative predictions of the New Keynesian model.

The rest of the paper is organized as follows. Section 2 presents the
monetary paradoxes in the context of a continuous-time New Keynesian
model. Section 3 presents the equilibrium decomposition into substitution
and wealth effects, first with rigid prices, then with sticky prices. Section 4
discuss the determination of wealth effects and the fiscal origins of the mon-
etary paradoxes. Section 5 presents the analysis of these channels outside

of the zero lower bound. Section 6 concludes.

2 THE STANDARD LIQUIDITY TRAP EQUILIBRIUM

We develop a simple New Keynesian model in continuous time in the spirit
of Werning (2012) and Cochrane (2017), augmented to incorporate fiscal
variables and explicitly account for the households’ budget constraint. The
objective of this section is to present the monetary paradoxes that charac-
terize the standard Liquidity Trap equilibrium, i.e., the Forward Guidance
Puzzle and the Paradox of Flexibility, and show how fiscal variables, in par-

ticular lump-sum transfers, adjust in the background.

SIn footnote 11, Kaplan et al. (2017) quote John Cochrane and suggest that the stan-
dard New Keynesian model could be renamed as ”sticky-price intertemporal substitution
model”.



Time is continuous and denoted by t € R.. There are two types of
agents in the economy: a large number of identical, infinitely-lived house-
holds, and an infinitely-lived government. There is also a continuum of
mass one of firms that produce a differentiated good. Households’ prefer-
ences are such that the final consumption is a CES aggregator of the pur-
chases of each of the differentiated goods. In the benchmark model, we
assume that the government does not consume, but it raises proportional
sales taxes, issues short-term nominal debt (which is in positive net supply
in steady-state) and distributes lump-sum transfers (which can be negative).

The main focus of this paper is to understand the sources of the mon-
etary paradoxes when the economy is in a Liquidity Trap. As is standard
in the literature, we log-linearize the model around its steady-state equi-
librium in order to study the first-order approximation of the equilibrium
response of the economy to exogenous shocks. Since the model is linear, we
do not need to introduce the shock that takes the economy to a Liquidity
Trap. We then study the equilibrium of the economy as if there was an in-
terest rate peg.® The joint dynamics of a shock that takes the economy to a
Liquidity Trap and our exercises would simply be the sum of the two.”

The log-linearized solution to the model can be characterized by four

equations: an intertemporal Euler equation

étZO'_l(if—ﬂt—p), (1)

®See Angeletos and Lian (2016) for a similar strategy.
"For a detailed exposition of the dynamics of the economy after a shock that leads to a
Liquidity Trap, see Werning (2012) and Cochrane (2017).



a New Keynesian Phillips Curve
7Tt = p7Tt — KC¢, (2)
the household’s intertemporal budget constraint

/o e Pleidt = /0 e Pt [(1 —T)yr +b(ir — 1 — p) + Tt} dt, )

and a resource constraint

Ct = Yt, (4)

plus a policy rule for monetary and fiscal policies. Here, c¢; denotes the per-
centage difference between actual consumption and the level of consump-
tion in a steady state that features a constant path for the policy variables
and zero inflation; 71; denotes inflation; i; denotes the nominal, short-term,
risk-free interest rate; T is the steady state level of proportional sales taxes;
b is the steady state level of short-term government debt; T; is a lump-sum
transfer expressed as a fraction of output; ¢ denotes the inverse of the in-
tertemporal elasticity of substitution; p denotes the subjective discount fac-
tor of the households; and « is the slope of the Phillips curve.

Because our analysis emphasizes the role of the household’s budget
constraint in the dynamic behavior of consumption, it is useful to briefly
describe its components. The left-hand side of the household’s budget con-
straint is the present value of consumption. The right-hand side are the
sources of income: the after-tax wage and profits, the interest from finan-
cial assets, and government’s lump-sum transfers. In the standard analysis,
equation (3) can be dropped when finding an equilibrium because trans-

fers {T;}{2, are assumed to automatically adjust so that the government’s



budget constraint is always satisfied for any path of the endogenous and ex-
ogenous variables (the so-called Ricardian fiscal policy).® Since lump-sum
transfers do not affect any of the other equilibrium equations, they provide
a free variable that guarantees that any solution to the system given by (1)
and (2) can be an equilibrium of the economy. Given the focus of our analy-
sis, we will explicitly account for the presence of the budget constraint and
explore the role of each component of income in the dynamic behavior of
consumption.
The system of differential equations (1)-(2) can be written as
¢ 0 —o ct o~ (it —p)

= +
7T —K 0 Tt 0

The eigenvalues of the system above are given by

o+ VPTETT p— P e

2 r 9= 2

w =

Notice that the system has a positive and a negative eigenvalue. Focusing
on bounded solutions, we need one additional condition to determine equi-
librium. The liquidity trap literature has used that the economy arrives to
its steady state at some finite time T*, potentially in the far future, as such

condition.? That is, there exists T* such that

it=p and c=m=0 Vi>T"

In this section, we stick to this selection. The next Lemma characterizes the

8Ricardian equivalence holds in this model, so only the present value of transfers,
ft°:°8 e P'Tydt, rather than the whole path, {T;}{° ,, matters for the equilibrium.
See, e.g., Werning (2012) and McKay et al. (2016).



solution and shows some of its properties.

Lemma 1 (Standard Liquidity Trap Equilibrium). Consider the New Keyne-
sian model with the standard Liquidity Trap equilibrium selection. The response of

initial consumption to a monetary shock is given by

-1 T* —wt —wt
eNK — _0(27_ 2 /0 <e_ - e_) (it — p)dt, ()

w w
while the response of initial inflation is given by

'k = — ad (e« — e~ @) (iy — p)dt.

Moreover, initial consumption and inflation are decreasing in the nominal interest

rate at all horizons,

dcNK arNK
— <V, -
alt alt

<0, vt > 0.

Two characteristics of the solution are worth mentioning. First, in the
standard equilibrium, a monetary shock that increases the nominal interest
rate has a contractionary effect in the economy, reducing initial consump-
tion and inflation. Second, fiscal policy, given by T, b and {Tt};";o, is ir-
relevant for the dynamic response to monetary shocks in the standard Liq-
uidity Trap equilibrium as long as the government’s intertemporal budget
constraint is satisfied. However, as we show below, fiscal policy plays a role
in determining the channels through which monetary policy operates.

Next, we present the monetary puzzles and paradoxes the literature has
identified and formally show that they are present in the standard Liquid-

ity Trap equilibrium. Suppose that the central bank reduces the short-term



nominal interest rate in some period t < T* (or credibly announces that
it will reduce it). Lemma 1 states that consumption and inflation increase
at the time of the news. How does the response of consumption depend
on the time of the intervention and the degree of price rigidity in the econ-
omy? The Forward Guidance Puzzle refers to the theoretical result that the
promise to reduce the interest rates in the future becomes more powerful
the further in the future the actual intervention takes place. In the extreme,
the response of consumption becomes unboundedly large as the horizon of
the policy intervention goes to infinity. Another counter-intuitive result at-
tributed to the New Keynesian model is that the effect of monetary policy
shocks become stronger as price flexibility increases. As we approach the
flexible price limit, monetary policy becomes unboundedly strong. Since
shocks to the nominal interest rate have no impact on real variables in a
flexible price economy, this result is known as the Paradox of Flexibility.
Proposition 1 formally shows that the Forward Guidance Puzzle and the
Paradox of Flexibility are present in the standard Liquidity Trap equilib-

rium.

Proposition 1 (The Standard Liquidity Trap Equilibrium and its Paradoxes).
Consider the standard Liquidity Trap equilibrium and let t < T*. The economy
presents the following dynamics:

1) Forward Guidance Puzzle

aZCNK aCNK
0 <0, lim lim -2 = —oco,
E)tazt t—o00 T*—00 1t
aanK an.NK
0 <0, lim lim —% = —oco,
atalt t—ro0 T*—00 8zf

ii) Paradox of Flexibility
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The Forward Guidance Puzzle The Paradox of Flexibility
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FIGURE 1: The Forward Guidance Puzzle and The Paradox of Flexibility
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Figure 1 shows graphically these results. The standard narrative is as
follows. A reduction of the nominal interest rate translates into a reduction
of the real interest rate due to nominal rigidities. This reduction in the real
rate generates a boom in consumption and an increase in inflation in the
period of the intervention. Because both the Euler equation and the New
Keynesian Philips curve are forward looking, the future boom translates
into a contemporaneous boom. Moreover, since the effect of inflation accu-
mulates over time, the furthest in the future the policy intervention is, the
more inflation it generates in the preceding periods. And because nominal
interest rates in previous periods are kept fixed due to the liquidity trap
(or the interest rate peg), this implies a larger reduction in real rates and a

larger boom in consumption today, i.e., the Forward Guidance Puzzle. Fur-
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FIGURE 2: Consumption and Inflation Dynamics after a Monetary Shock

thermore, since nominal rigidities are preventing some prices to increase,
the more flexible prices are, the more inflation the monetary shocks gen-
erates, and hence the more powerful the effect on consumption is. Figure
2 shows the dynamics of consumption and inflation for and expansionary
monetary shock in years 2 and 4.

Given this logic, it is natural that the literature has focused on solutions
to these puzzles that reduce the forward looking nature of consumption and
inflation (e.g., the so-called ”discounting Euler equation”). However, as we
show in the next section, most of the solutions can at most attenuate the
effects, but do not eliminate them. In contrast, we show that the nature of
the puzzles is associated with strong wealth effects which are generically
the result of strong fiscal policy responses.

Next, we present a decomposition of households” behavior which al-

lows us to identify the sources of the paradoxes.
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3 CONSUMPTION DECOMPOSITION:

SUBSTITUTION AND WEALTH EFFECTS

In this section, we take the point of view of the households and decompose
their behavior adapting the tools from consumer theory to general equilib-
rium analysis. In particular, we decompose c; into two pieces: a substitu-
tion effect and an income/wealth effect. By doing so, we are able to for-
mally identify what components of the households” problem is generating
the paradoxical results from Proposition 1.

To this end, we present two objects that will be important in this char-
acterization that follows. First, for a given path of the nominal interest rate
and inflation, {i;, ﬂt}‘t”zo, we define c{{ as the household’s Hicksian demand,

which is given by

t 00
cH=¢"1 /0 (is — 115 — p)ds — o /o e P (is — 115 — p)ds. (6)

Equation (6) is the log-linear approximation of the solution to the minimiza-
tion of the household’s expenditures subject to achieving a reservation util-
ity. In this setting, the different goods are the consumption at different dates,
and the price of one unit of consumption at date t is e™ Jolis=7s=p)ds Ay im-
portant property of the Hicksian demand is that the total cost of {cf}%,

evaluated at the steady state prices is zero, that is

/O e PleHdt = 0. @)

The Hicksian demand will be tightly connected to the substitution effect in

general equilibrium.
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The second object we define here is the average consumption, C,
C=p [ e [0 =T+ Blis —m - p) + T . ®)

Average consumption is the consumption path that would prevail if the
households were forced to consume the same amount every period while
still satisfying their budget constraint. Average consumption will be related
to the wealth effect.

The rest of this section analyzes the role of the substitution and wealth
effects in generating the dynamics of consumption in the New Keynesian
model. We do this in two steps. First, we study an economy with fixed
prices. This economy provides a useful benchmark by shutting down an
important general equilibrium feedback effect that works through inflation.
Next, we allow for prices to move and show that the insights from the fixed

prices case are amplified in general equilibrium.

3.1 Rigid Prices

Suppose prices are fixed, i.e., k = 0. Solving the Euler equation forward,
and imposing lim; . c; = 0, we get that in the standard Liquidity Trap
equilibrium

cr =0t [~ p)s. ©)

Consider the effect of a one time reduction of the interest rate at time s > 0.
Equation (9) implies that consumption increases by ¢~ 1Ais in all periods

t < s, and goes back to zero afterwards. Moreover, the effect on initial

14



FIGURE 3: Consumption dynamics to a reduction in the future interest rate when
prices are rigid.

consumption is independent of the time of the shock,

9cg —1
- — . 1
9 o Vs (10)

Thus, the fixed price case has an attenuated form of the forward guidance
puzzle: the time of the intervention is irrelevant for its effect on initial con-
sumption. Note that this does not mean that the time of intervention is ir-
relevant for the whole path of consumption. In fact, the further in the future
the intervention takes place, the longer the time that consumption remains
above its steady state level. Figure 3 depicts this case.

Despite the independence of the effect of the time of the monetary shock
on initial consumption, the channels through which monetary policy affects
consumption do vary with the horizon of the intervention. To see this, we

decompose consumption into substitution and wealth effects. Under fixed
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prices, we define the substitution effect as the Hicksian demand evaluated
at 1y = 0 Vt, while the wealth effect is the average consumption, C. It holds
that equilibrium consumption is equal to the sum of the substitution and

wealth effects. The next Lemma formalizes this result.

Lemma 2 (Substitution and Wealth Effects with Fixed Prices). Suppose x = 0.

In the standard Liquidity Trap equilibrium, consumption can be decomposed as

t 0o
cNK = 0_1/0 (is — p)ds — (7_1/0 e P (is — p)ds +

J/

-~

substitution effect

-1 oo —ps __ s
o /O(ep 1)(is — p)ds, (11)

[ J/

wealth effect

where the substitution effect equals the Hicksian demand defined in (6) evaluated
at 7y = 0 Vt, and the wealth effect equals the average consumption defined in (8).

We use this decomposition to study the channels through which mone-
tary policy affects consumption. Consider an increase of the interest rate in
period s. We know from (10) that the effect on initial consumption is inde-
pendent of s. Let’'s decompose the total effect into substitution and wealth

effects. The substitution effect is given by

acH —o e <0 ift <s,
dis

c ' 1—e ) >0 ift>s.

These formula shows two things. First, the substitution effect of an increase
in the interest rate in s is negative for t < s and positive afterwards. This
is the standard result from consumer theory: the substitution effect always

is negative This effect is depicted in Figure 4(a) for a negative interest rate
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shock in s = 2. Second, the substitution effect of initial consumption de-
creases with the horizon of the intervention, and vanishes in the limit. For-

mally,
02ci! acd!
0 = po e " >0, lim lim —2
s—00 T*—00 Olg

=0.

The intuition for this result is as follows. While the size of the change of
total consumption at date s depends only on the elasticity of intertemporal
substitution, how much of the adjustment will fall on current versus future
consumption depends on the marginal rate of substitution (MRS) between
consumption in these two dates. Since the marginal utility of future con-
sumption declines according to e !, the indifference curve between con-
sumption in t = 0 and consumption in the future gets flatter over time.
Hence, a smaller change in initial consumption will be necessary to keep
the same utility level.!

That is, the intertemporal substitution channel gets smaller as the time of
the intervention increases. Thus, absent wealth effects, this model predicts
a negative relation between the time of the intervention and the size of the
effect on initial consumption and, therefore, does not feature the Forward
Guidance Puzzle.

However, we know that the response of initial consumption to changes
in the interest rate does not depend on the time of the intervention, so it
must be that the wealth effect is picking up the slack. Figure 4(b) shows a
graphical representation of the channel. The reduction of the interest rate in
period s = 2 generates a positive substitution effect in all periods before s

and a negative substitution effect afterwards. Since the standard Liquidity

19This can be easily seen in a two good example. If ¢! is the elasticity of substitution

dlogx _ MRS -1

between goods x and y, and we start at a point where x = y, then 3py/px — T+MRS

(o
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FIGURE 4: Substitution and Wealth Effects with Fixed Prices

Trap equilibrium implies that consumption has to be at its steady state level
at s (since consumption is constant afterwards), the wealth effect needs to be
exactly the negative of the substitution effect after s. As the time of the inter-
vention s moves further into the future, the substitution effect in 0 decreases,
but the substitution effect after s increases in absolute value. Therefore, the
wealth effect has to be larger to compensate for the negative substitution
effect and allow consumption to go back to the steady state level, moving
the whole consumption path upwards.

To fix ideas, consider the following example.!! Suppose there is an un-

expected monetary shock in period 0 that takes the following form:

. Y fort < z,
1y =
p+e =2 (r —p) fort >z,

where r > p, and z is known to the households. Note that z = 0 corresponds
to a contemporaneous monetary shock with persistence governed by 7. For

z > 0 it becomes a forward guidance shock. Replacing this path for the

This is an extension of an example in Kaplan et al. (2017).
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interest rate in (11) at t = 0, we get

-1,,—pz -1 — e Pz
o e o +n(l—e
Cé\]K:— n + % 77( ) (r—p).
et U p+n
substitu;iron effect wealt?(effect

For z = 0, the relative importance of the substitution and the wealth ef-
fect is governed by the relative magnitudes of 77 and p. Kaplan et al. (2017)
calibrate this case and argue that for reasonable values of # and p, contem-
poraneous shocks are mostly driven by the substitution effect. However, we
can see that as z increases, the relative importance of the substitution effect
decreases. In particular, as z — oo, the effect of a forward guidance shock is
exclusively explained by the wealth effect.

Interestingly, the results in this subsection imply that even though the
response of initial consumption to a monetary policy is independent of the
timing of the intervention, the channel through which this happens varies
with it. In particular, the substitution effect is more relevant for contempo-
raneous shocks while the wealth effect is the most important channel for
forward guidance shocks. Moreover, we showed that it is the wealth effect
the one that explains the non-decreasing response of initial consumption to
the horizon of the policy intervention, and not a strong intertemporal sub-
stitution effect. Since average consumption is independent of preferences,
we claim that, when prices are rigid, these results imply that the Forward
Guidance Puzzle is not related to the Euler equation.

Next, we present the general case with x > 0 and show that an even

stronger result arises when prices are allowed to move.
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3.2 Sticky Prices

Decomposing consumption into substitution and wealth effects is relatively
easy when prices are fixed. Because there are no general equilibrium feed-
back effects through inflation, the substitution effect is simply the Hicksian
demand evaluated at the new path for the nominal interest rate. However,
in general equilibrium, the “right” decomposition is less obvious. In par-
ticular, we need to take a stand on what inflation rate should the Hicksian
demand be evaluated at. A natural answer is to evaluate it at the equi-
librium inflation rate. However, the next example shows some conceptual
difficulties of this approach, and justifies the choices we make for the rest of
the paper.

Consider an economy that is at the zero inflation steady state. Sup-
pose that households receive an unexpected positive endowment in period
zero, g > 0. This represents a positive wealth shock. As a consequence,
the households want to increase their consumption in all periods. This be-
havioral response generates some inflationary pressures if nominal interest
rates remain fixed. Now, let’s decompose the response of consumption into
substitution and wealth effects. If we were to use the equilibrium inflation
to calculate the substitution effect, we would end up attributing a positive
fraction of the response to it. However, we know, by construction, that the
shock was a purely wealth effect. Since we want our decomposition to avoid
this type of results, we propose a different direction. We define the substitu-
tion effect as the Hicksian demand for the observed path of nominal rates,

{it}$2,, and the inflation induced by the substitution effect, {7t/ }$°,. That
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is, {cf!, m[1}%° , is the solution to the following system of equations

t 00
i =o1 /0 (is —  — p)ds — o1 /0 e P (is — il — p)ds,  (12)

i = K/t e*p(sft)cfds. (13)

where (13) is the New Keynesian Philips curve integrated forward. In the
example above, since iy = p V¢, the only bounded solution to the system
above has c/! = 0 Vt.

It turns out that because the consumption bundle prescribed by the
Hicksian demand has zero cost (relative to the steady state bundle; see equa-
tion (7)), our choices for the substitution effect can be motivated as being the
solution to the system of equations (1)-(2) imposing no change in the house-

holds” wealth.

Lemma 3. The solution to (12) and (13) is the solution to the system (1)-(2) and
/ e Ple,dt = 0.
0

Thus, we can justify our choice as being the solution to the basic system
of differential equations that keeps the household’s wealth fixed.

Next, we show that this decomposition is useful to understand the equi-
librium dynamics of consumption and inflation in the basic New Keynesian
model. In particular, we show how to decompose equilibrium consumption
and inflation into substitution and wealth effects which resembles the stan-
dard decomposition in consumer theory, augmented to account for general

equilibrium effects.

Proposition 2 (Substitution and Wealth Effects with Sticky Prices). Suppose
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k > 0. Consumption can be decomposed as

c = cH +  Zewh x C ,

p
~— ~—— ~—
substitution effect ~ GE multiplier  average consumption

wealt;feﬁect
The GE multiplier is always greater than 1 in t = 0.

As it was evident in the example with the endowment shock, the wealth
effect affects the economy through two different channels. The first chan-
nel is the standard partial equilibrium logic: when their wealth increases,
households respond by increasing their consumption in all periods. But
now there is a second, general equilibrium, channel, which takes into ac-
count that the direct effect has an impact on prices which indirectly af-
fects consumption. In particular, a positive wealth shock generates inflation
which translates into a reduction in the real interest rate when nominal rates
are fixed. This is an extra positive force on initial consumption.

It turns out that the decomposition in Proposition 2 is not limited to the
standard Liquidity Trap equilibrium, but it characterizes all the solutions to
the system (1)-(2) for a given path of the nominal interest rate. This result
is important because it provides a new perspective about the multiplicity of
equilibria of the New Keynesian model under an interest rate peg. When
we defined the substitution effect, we showed that, given a path for inter-
est rates {i;}{°,, the solution to (12)-(13) is unique. This implies that the
substitution effect is common to all equilibria. Moreover, the GE multiplier
depends only on fundamental parameters of the economy, so it cannot vary
across equilibria. This means that all equilibria of the New Keynesian model

under an interest rate peg can be indexed simply by their effect on average
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consumption. In this sense, the standard Liquidity Trap equilibrium selects

a particular wealth effect.

Lemma 4. In the bounded solutions to the system (1)-(3), consumption is given

by
e =cH + Yeowtc

and inflation is given by

= + gewfc (14)

where {c{{, 7{? }2 o is the solution to (12)-(13), and C is the average consumption
as defined in (8).
For t = 0, we have

7Ty = EC
p

Moreover, all equilibria satisfy monetary neutrality in the long run.

Interestingly, inflation features a similar decomposition. This result helps
understand the channels through which monetary policy affects inflation.
Proposition 2 shows that initial inflation is simply determined by average
consumption, since the inflation generated by the substitution effectint = 0
is zero, 71}’ = 0. Thus, inflation in period 0 only depends only on whether
agents are richer or poorer after the monetary policy shock, but indepen-
dent of any consumption switching due to intertemporal substitution.

With this decomposition, we now analyze which of the components of
consumption and inflation are responsible for the monetary paradoxes of
Proposition 1. Since we know that g:—gg < 0and ?;_gi? < 0, it has to be true

that either the substitution effect or average consumption (or both) feature

the monetary paradoxes as well. The main result of this section is that the
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substitution effect is a force against the paradoxes.

Proposition 3 (Substitution Effect with Sticky Prices). Suppose x > 0 and let
t < T*. The substitution effect satisfies
9%l ock! .ol

G >0, lim li 0, 1 0
- m Iim —— = m —— = U.
81} ’ 8t8it " 500 TF oo alt " koo 8zt

Proposition 3 implies that the paradoxes are not a result of general equi-
librium amplification of intertemporal substitution. In the absence of wealth
effects, an increase in interest rates shifts consumption from the present to
the future. However, the effect becomes weaker as the date of the shock
moves further into the future. Moreover, the substitution effect is continu-
ous in the price flexibility parameter «, in sharp contrast with the standard
Liquidity Trap equilibrium.

Thus, both the fixed and sticky prices exercise identify the wealth ef-
fect, through the average consumption, as the channel that generates the

monetary paradoxes. Taking the Forward Guidance Puzzle, we found that

o 9l @ y 02C

atait - atait Y 8t8it )

N N N N
<0 >0 >0 =<0

In the next section, we dig deeper into the average consumption and study
the dynamics of each one of its components, with a special interest in the
tiscal variables. But before that, we take a short detour to compare our
findings to the literature. By identifying average consumption as the re-
sponsible for the monetary paradoxes, and since average consumption does
not depend on preferences, this result casts doubts about whether the “dis-

counted Euler equation” principle can resolve the monetary paradoxes of
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the New Keynesian model. Next, we show that, in fact, the solutions pro-
posed in the literature that are based on the “discounted Euler equation”
principle cannot successfully get rid of the paradoxes but they attenuate

them.

3.3 The Discounted Euler Equation

A range of different economic environments have been proposed attempt-
ing to solve the Forward Guidance Puzzle and related paradoxes. For in-
stance, McKay et al. (2017) propose a heterogenous agent model with in-
complete markets, Angeletos and Lian (2016) relax the assumption of com-
mon knowledge, Gabaix (2016) introduces (behavioral) inattention, and Gertler
(2017) adaptive expectations. Perhaps surprisingly, despite the vastly differ-
ent microfoundations, all these proposed solutions essentially boil down to
changes in the aggregate Euler equation, where the direct impact of future
interest rate changes is attenuated.

In order to illustrate the mechanism, we consider a version of the het-
erogeneous agent model in McKay et al. (2017), henceforth MNS, but our re-
sults apply to any environment that generates an aggregate discounted Eu-
ler equation. Households now face uninsurable idiosyncratic risk and they
cannot borrow. Low-productivity households cannot produce, but they re-
ceive a government transfer. All the labor supply is provided by the high-
productivity workers. A household of type j € {H, L} switches type with
Poisson intensity A; > 0. There is no liquidity in this economy, i.e., gov-
ernment bonds are equal to zero at all dates, B; = 0 Vt. In equilibrium, the

high-productivity households are unconstrained and their Euler equation
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is given by

2 —0
CH ¢ o o Ht

Cut 1—p  An (CL_(tT - Cﬁi)

+ — e A———
The second term in the expression captures the self-insurance motive, and it
will imply that consumption reacts less strongly to future real interest rate
changes. By linearizing the Euler equation around a symmetric steady state,

and assuming that the transfer to low-productivity households stays at the

steady state level as in MNS!?, we can derive the discounted Euler equation:

¢t = 5Ct + CO’il(Tt — p) (15)

AL

where C = pyEm Y

0 = (Apy, and ¢; denotes deviations of aggregate con-
sumption from its steady state level.

The parameter ¢ controls the amount of discounting, and it is zero in
the special case where Ay = 0, when we recover the representative agent

model. Integrating the discounted Euler equation forward, we obtain

et =—Co ! /too e 067 (iy — 71, — p)ds.

Despite the extra discounting, moderate values of  are not enough to
get rid of the puzzles, even though it attenuates its impact. The following
proposition shows that the Forward Guidance Puzzle and the Paradox of

Flexibility are still present even with a discounted Euler equation.

ko1

5—1° Let ¢’ denote consumption in an

Proposition 4. Suppose 0 < § <

12Bilbiie (2017a) shows that to obtain a discounted Euler equation the consumption of
low-productivity households must react less than one-to-one to aggregate income. See also
Werning (2015) for the role of the cyclicality of income on the aggregate Euler equation.

13The upper bound on & guarantees that there is multiplicity of equilibrium under an
interest rate peg, as in the standard New Keynesian model. For a standard calibration, the
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equilibrium with the discounted Euler equation (15), and apply the standard equi-

librium selection. Then,

DE
ocDE ocDE ocDE ag(?
9 <0,  lim=%=-c0, lim =% =-c0o, lim-%- =0
alt t—ro0 alt K—o0  dly t—o0 OCq
di;

Changes in the nominal interest rates in the far distant future still have
arbitrarily large effects on consumption, but this effect grows at a smaller
rate than in the case with the standard Euler equation. Decomposing the
consumption allocation between a wealth effect CPF = p fooo e PicPEdt and

a substitution effect may help provide some intuition for this result.

ko1

Proposition 5. Suppose 0 < 6 < Let cPE denote consumption in an

equilibrium with the discounted Euler equation (15) and arbitrary equilibrium se-

lection. Then,

1. Consumption decomposition:

Wy —06
cDE — CtDE,H i @Wd — © watDE (16)

where wy > 6 and wy < 0 are parameters defined in the appendix.

2. Substitution effect:

9cDEH  gcPEH  9cDEH o
gi <0, thm gi =0, lgn gi =0, / e_ptctDE’Hdt =0
¢ —00 t K—00 t 0

As before, any equilibrium in the economy with a discounted Euler

equation can be decomposed into a substitution effect ctD EH and a wealth

effect CPE. Also as before, the substitution effect can be interpreted as an

value of § is more than one order of magnitude smaller than the bound.
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FIGURE 5: The Forward Guidance Puzzle with a Discounted Euler Equation

equilibrium of the model when average consumption is equal to zero: in-
tertemporal substitution only reallocates consumption over time. As a con-
sequence, even with a discounted Euler equation, monetary paradoxes are
the result of strong wealth effects. Still, the model manages to dampen the
quantitative effects of the Forward Guidance Puzzle. Figure 5 shows this
result quantitatively for our calibration.

Hence, wealth effects are important to understand the Forward Guid-
ance Puzzle and the Paradox of Flexibility even after allowing for a dis-
counted Euler equation. In the next section, we show how fiscal policy is an
important determinant of the wealth effect in the standard New Keynesian

model and, generically, the sole responsible for the monetary paradoxes.
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4 THE FISCAL ORIGINS OF MONETARY

PARADOXES

Recall that average consumption is given by
C= P/O e ?! [(1 —T)ye + b(iy — m — p) + Ty dt.

Since we know that the paradoxes are coming from C, the next step is to
study which components of C are generating the results.

There are two main forces that determine the equilibrium average con-
sumption: the spending-income spiral and the spending-inflation spiral, given,

respectively, by
p/ e Ply,dt = C, m =l + ge“’tC.
0

The spending-income spiral states that average income equals average con-
sumption, and higher income leads to higher consumption. The spending-
inflation spiral states that, given a path for the nominal interest rate, the
inflation rate increases with average consumption. Thus, plugging in these

two relations into average consumption, we get
C=[1-(7—owh)C+ p/ e PB(i; — il — p) + T})dt.  (17)
0

Interestingly, equation (17) shows that average consumption is determined
according to an Intertemporal Keyensian Cross, in the spirit of the old Key-
nesian logic found in many introductory textbooks. On the one hand, one

could interpret 1 — (T — cwb) as the analogous to the marginal propensity
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to consume (MPC), and p [~ e **[b(iy — ! — p) + T}]dt as the autonomous

spending. For future reference, let

A=p / e=P![b(i; — mifl — p) + Ty)dt,
0

ct Ep/ e Po(iy — i — p)dt,
0

sz/ e PiT,dt,
0

where A is the autonomous spending, CF is the Hicksian financial wealth
(since it is calculated using the inflation rate from the substitution effect),
and T is the present of taxes. Trivially, A = Cf + T.

In order to determine the equilibrium value of C, we need to consider
two separate cases: i) monetary policy has no fiscal consequence, T = b = 0;
ii) monetary policy has fiscal consequences, either T > 0 or b > 0 (or both).
The equilibrium properties of model are very different in these two cases.

Let’s start with T = b = 0. Note that this case is knife-edge (in the
sense of being non-generic) and not the empirically relevant one. Still, it is
useful to understand this case from a theoretical point of view. Evaluating

equation (17) at T = b = 0, we get
C=C+A=A=T=0,

that is, the only restriction that this equation imposes on equilibrium is that
the present value of transfers has to be zero. But this implies that the bud-
get constraint of the household imposes no restriction on what average con-
sumption is. In particular, the level of average consumption, and hence the
wealth effect, has a self-fulfilling nature (using the old-Keynesian analogy,

the MPC is equal to one in this case). If agents expect to receive higher in-
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come, fooo e Phy,dt, they increase their consumption accordingly, and since
output is demand determined in this model, output increases to satisfy that
demand. But since the household’s income equals the present value of out-
put, the increase in consumption becomes self-fulfilling. In the standard
equilibrium selection, the Taylor rule pins down C by imposing that only
a specific path of inflation is consistent with a bounded equilibrium. How-
ever, this presents a challenge to testing this theory, since, given observ-
ables, a continuum of paths for consumption and inflation (indexed by C)
are consistent with the system of equations governing the equilibrium. That
is, unless one knows the monetary policy rule the central bank is following,
the researcher has many degrees of freedom (a continuum) to fit the model
to the data.

However, this indeterminacy is limited to the knife-edge case. As we
move away from T = b = 0, average consumption is determined by the
observed paths of policy variables. It is important to highlight that this de-
composition has no implication about the discussion of passive-active fiscal
policy. Our analysis is consistent with the so-called Ricardian fiscal policy
as well as with the Fiscal Theory of the Price Level. The decomposition sim-
ply brings to the forefront the role that policy variables have on equilibrium
paths, and the channels through which they operate.

Suppose T > 0 and b > 0. In this case, we can isolate C from equation
(17) and obtain

A CF4+T

C=-— — = — —. (18)
T—owb T—owb

That is, given a path for the nominal interest rate and government transfers,
average consumption is completely determined by equation (18). To under-

stand the importance of this result, recall that equilibrium consumption is
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given by

o =l + Lewtc,

We already know that c{? is determined by the path of nominal interest
rates, without resorting to any monetary or fiscal rule. Moreover, the GE
multiplier is given by the value of fundamental parameters in the economy,
so it does not change with policy rules. Equation (18) is saying that aver-
age consumption, the last piece needed to determine equilibrium consump-
tion, is also determined by the observed paths of monetary and fiscal policy.
Hence, when monetary policy has fiscal consequences, the model produces
a unique path for consumption and inflation conditional on {7, T} }{2;, with-
out needing to resort to the policy rule that led to those paths.

To sum up, we had identified C as the responsible for the monetary
paradoxes, and now we found that, generically, C is proportional to CF + T.
This reduces the candidates of generating the monetary paradoxes to two:
the Hicksian financial wealth and government transfers. The next proposi-

tion states that it is not the Hicksian financial wealth.

Proposition 6. Suppose b > 0. For a given sequence of {i}5°

oC* 9>CF . oCF . aCF
i % o < RS 0 MG 0

Thus, the paradoxes need to be coming from the fiscal policy.

Proposition 7. Suppose T > 0 and b > 0. In the standard Liquidity Trap equi-
librium, the Forward Guidance Puzzle and the Paradox of Flexibility are the con-
sequence of the fiscal response to monetary shocks. In particular,
. aCO . dT
lim — = -0 <= lim — = —
t—o0 alt t—o0 alt
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FIGURE 6: Fiscal Backing to Shocks in the Standard Liquidity Trap Equilibrium

where T = p [ e P Tydt and
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This is a powerful result. It states that if government transfers don’t
grow too fast as we postpone the time of the monetary shock or as we
increase price flexibility, the New Keynesian model does not exhibit any
of the monetary paradoxes emphasized in the literature. Thus, monetary
paradoxes are not the result of a fiscal response to monetary shocks but to
a sufficiently large one. Proposition 7 shows that the Forward Guidance
Puzzle and the Paradox of Flexibility imply a fiscal response with transfers
that increases unboundedly (in absolute terms) as the horizon and the price
flexibility go to infinity. Figure 6 shows the magnitude of the fiscal transfers
necessary to sustain the standard Liquidity Trap equilibrium in our baseline
calibration.

To sum up, we decomposed equilibrium consumption in order to iden-
tify the source of the paradoxical responses of the economy to monetary
policy shocks. We concluded that, generically, the monetary paradoxes are
the result of extreme fiscal policy reaction implied in the standard equilib-

rium selection. Next, we reinforce the importance of this result by using the
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tools developed in this paper to study the predictions of the model in nor-
mal times. This exercise is useful for two reasons. First, it will allow us to
argue that the reliance of the model to strong fiscal responses to monetary
shocks is not only a feature of the Liquidity Trap or interest rate peg. That is,
the results presented in the previous sections are driven by anomalies of the
New Keynesian model in extreme situations, but they are at the core of the
standard model. Second, it will allow us to test the model quantitatively.
Unfortunately, data of economies in a Liquidity Trap is limited. Thus, test-
ing the model in normal times can shed light about the plausibility of the

tiscal responses that lead to the monetary paradoxes.

5 OUTSIDE THE ZLB: MONETARY POLICY IN

NORMAL TIMES

The objective of this section is twofold. First, we explore the role that fiscal
policy plays in the quantitative success of the New Keynesian model em-
phasized in the literature (e.g., Christiano et al. (2005)). Our results show
that fiscal policy is crucial in the model, suggesting that our findings in the
previous sections about the role of fiscal variables in the standard equilib-
rium is not limited to the Liquidity Trap. Second, we design a test of the
model to assess its quantitative performance when fiscal variables are taken
into account. We conclude that the RANK model does not produce impulse
response functions consistent with the data.

The rest of this section is organized as follows. First, we briefly describe
the model we use in our quantitative exercise. Next, we use the strategy

in Gertler and Karadi (2015) to estimate the fiscal response to a monetary
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shock in the US data. We then feed the model with the impulse response
functions for monetary and fiscal variables we estimated from the data, and
compare the predicted impulse response functions for output and inflation
with the ones obtained in the data. Finally, we build a simple HANK model
and argue that it produces the forces necessary to fit the data, but it is crucial

that it incorporates information from the fiscal policy side.

5.1 The Model

The model is the natural extension of Smets and Wouters (2007) to account
for fiscal variables. Time is discrete and denoted by t = 0,1,2,...,0c0. The
economy is populated by a continuum of mass one of infinitely-lived house-
holds. Households derive utility from the consumption of a final good and
leisure. Their preference for consumption exhibits an external habit vari-
able. Labor supply is differentiated across households. It is assumed that
the wages of each type of labor is negotiated by a union, which chooses
the wage but is subject to nominal rigidities a la Calvo. Households are
the owners of the capital of the economy. They rent capital services to the
tirms, which is a function of the capital stock they hold and the utilization
level they choose, which comes at the cost of higher depreciation. House-
holds also decide how much capital to accumulate given the adjustment
costs they face.

There are two types of firms in the economy. There is a continuum of
intermediate goods producer firms, which transform labor and capital ser-
vices into a differentiated good and set prices subject to the Calvo friction.
Those wages and prices that cannot be re-optimized in a given period are

partially indexed to past inflation. The second type of firm is a representa-
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tive firm that produces the final consumption good using the intermediate
goods as inputs and sells the output in competitive markets. Finally, there is
a government that chooses a path for the nominal interest rate, government
spending, proportional sales taxes, lump-sum transfers and debt.

The model follows very closely Smets and Wouters (2007), with two
differences. First, because we introduce sales taxes, the NK Phillips curve
has an extra term and the coefficients depend on the taxes. This change
has no relevant quantitative impact on the model. Second, we explicitly
introduce the household’s budget constraint. The budget constraint of the

household is now given by

Lp
cyct + xyxe +q by (b +4f) = (1 —T) (e — &) — 22t + ple_ﬁyth

(L+peg )by (14 prg)by

B T+ T+7 by 1+ T, (19)
where gy is the price of long-term government bonds
L_ PL L :

= — — 14, 20
=7 17 Jey1 — U (20)

yt is output, ¢; is consumption, x; is investment, g; is government spending,
zt is the capital utilization rate, Iy is hours worked, i; is the nominal interest
rate (set by the monetary authority), 7t; is the inflation rate, g; is the Tobin’s
Q, ¥ is the rental rate of capital services, k is capital services, k is the stock
of capital, wy is the real wage, u! is the price mark-up, 4%’ is the wage mark-
up, Tt is the proportional sales tax, b} is government bonds, g} is the price
of the long-term bond, and T; are government lump-sum transfers. The

rest of the variables are positive constants defined in the appendix. As we
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emphasized in the previous section, the benefit of explicitly accounting for
the households’ budget constraint is that it allows us to study the interaction
between the monetary shock and the fiscal policy. By adding proportional
taxes and government bonds, monetary shocks have fiscal consequences.
Since these are instruments widely used by governments, they provide a
testable implication of the model.

The reader can refer to the appendix for a detailed derivation of the rest
of the model.

Now, we use the constructed medium-scale New Keynesian model to
uncover the importance of the implicit fiscal adjustment of the economy
to monetary shocks. That is, we ask the following question: in the stan-
dard equilibrium selection (i.e., with a Taylor rule for monetary policy and
passive fiscal policy), how large are the implicit transfers after a monetary
shock? We answer this question by simulating the model above and calcu-
late the implied transfers from the budget constraint.

Figure 7 shows the results. The solid line depicts the impulse response
functions of inflation and GDP to a monetary shock, as well as the trans-
fers that come out from the budget constraint. The transfers are negative
and of a similar order of magnitude of the change in output. The dashed
line shows how inflation and output react to the monetary shock if trans-
fers did not change. This exercise is not meant to convey the idea that if
transfers had not reacted as the solid line shows then equilibrium inflation
and output would have behaved as the dashed line shows. On the contrary,
it should be understood as a decomposition exercise. In particular, it shows
how much of the dynamics comes from the change in the interest rates, and
the gap is the dynamics generated by the transfers. The impulse response

functions of inflation and GDP are dramatically different. First, the mone-
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FIGURE 7: SW with and without transfers

tary shock generates inflation on impact, rather than deflation. Second, the
shock generates a small recession on impact followed by a boom. How can
this difference be explained? The answer is the decomposition from Section
4. The large effect of transfers is not coming from a “permanent income”
logic, which is rather small, but from the interaction of transfers and GE ef-
fects through inflation. As Figure 7 shows, the transfers have a large impact
on inflation, and the effect feeds to itself. Thus, transfers play an important
role even in a medium-sized New Keynesian model outside of a Liquidity
Trap.

Next, we go to the data and estimate the response of fiscal variables

to monetary shocks. We want to evaluate the empirical plausibility of the
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transfers derived from the theory. In particular, we check whether the pre-

dicted fiscal response in the model is supported by the data.

5.2 Empirical Evidence of Fiscal Response to Monetary Shocks

There is an extensive literature that studies the response of the main macroe-
conomic variables (e.g., output, consumption, investment, inflation) to mon-
etary policy shocks. However, there is still not a consensus with respect to
the best set of assumptions that identify exogenous monetary innovations.
Our objective in this section is not to contribute to this debate, but to extend
the results in the literature to incorporate the dynamics of fiscal variables.

To this end, we extend Gertler and Karadi (2015) to account for the dy-
namics of fiscal policy after an exogenous monetary shock. The exercise
uses a combination of a VAR estimation and an external instruments ap-
proach. First, we estimate a VAR in seven variables. The first four variables
are the ones in Gertler and Karadi (2015): the one-year government bond
rate, log industrial production, log consumer price index and the Gilchrist
and Zakrajsek (2012) excess bond premium as a measure of credit spread.
We also include three fiscal variables: government spending, total revenues
over GDP and government transfers. From this VAR, we obtain the reduced
form shocks, which are a linear combination of the structural shocks, in par-
ticular, the monetary policy shock.

The second stage estimates the sensitivity of the VAR variables to a
monetary policy shock. A standard approach consists of putting the so-
called “timing restrictions” on the relationship between reduced form and

structural shocks.! Instead, Gertler and Karadi (2015) use an external in-

14For a detailed explanation, see Christiano et al. (1999).
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strument approach. They regress the estimated reduced-form residuals to
the change of the three-months ahead fed-funds rate futures in a 30-minute
window around FOMC announcements, where the change in fed-funds fu-
tures acts as an instrument of the actual monetary shocks.

We use quarterly data over the period 1979:3 to 2012:2. This is a substan-
tial reduction on the number of observation from the original paper, which
uses monthly data. Unfortunately, fiscal variables are only available in a
quarterly basis. However, our results suggest that there are no important
differences in the estimates of the impulse response functions, though we
get wider confidence intervals.

Figure 8 shows the results. As in Gertler and Karadi (2015), we find
that a positive monetary shock reduces output and prices, though only the
effect on output is significant at 90% confidence level. With respect to the
dynamics of fiscal variables, a monetary shock has a statistically zero effect
on government purchases, while revenues over output (a proxy for propor-
tional taxes) decrease, and transfers increase. The effect on proportional
taxes and transfers is likely to come from the automatic stabilizer mecha-
nisms embedded in the government accounts. Because a monetary shock
is contractionary, households” income and employment decrease. This has
two effects. First, because income taxes are progressive, the average income
tax in the economy decreases. Second, because a large fraction of govern-
ment transfers are unemployment benefits, it is natural that they increase in
recessions.

These results show that a monetary policy shock does not trigger the fis-
cal response implied by the standard New Keynesian equilibrium selection.
Compare the impulse responses in Figure 7 and Figure 8. While the model

requires a contractionary fiscal policy, the data suggests that fiscal policy is
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FIGURE 8: Impulse Response Function to a monetary shock

expansionary as a response to a monetary shock. Both government transfers

and proportional taxes increase rather than decrease. The point estimate of

government spending is negative, which contributes to the standard equi-

librium mechanism, but statistically zero. Thus, the evidence does not seem

to support the standard equilibrium selection.

Next, we feed the monetary and fiscal policies impulse response func-

tions in the medium-size New Keynesian model to evaluate the quantitative

success of the model when we force both monetary and fiscal policies to fol-

low the observed paths in the data.
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5.3 Testing the New Keynesian model

Next, we present the main exercise of this section. The objective is to design
a test of the model that incorporates information of both monetary and fis-
cal variables. We do this by feeding the model with the impulse responses
for the interest rate, government purchases, proportional taxes and trans-
fers estimated from the data, and compare the resulting impulse response
functions for inflation and output with the ones obtained from the data. To
do this, we need to drop the model’s Taylor rule for monetary policy. As in
the simple model, conditional on the observed path for interest rates, gov-
ernment spending and taxes, the New Keynesian model predicts a unique
path for output, inflation, consumption and investment. But as we em-
phasized before, this does not imply that the economy is inconsistent with
policy rules. In fact, one can ex-post construct a rule consistent with the ob-
served path of interest rates, inflation and output.!> Importantly, this rule
can be of the active-monetary or active-fiscal type, without affecting the in-

terpretation of our results. The next Lemma formalizes this idea.

— . *
Lemma 5. Suppose & = (yf,c}, I}, if, z¢, qt*,r’t‘*, ki, ki, yf , U, wy, by)

satisfies the system of equations given by (22)-(36) given a sequence of monetary

and fiscal variables (r¢, g, T, Tt). Then, there exists a Taylor rule that implements

E* as an equilibrium of an economy characterized by equations (22)-(34), given a
sequence of fiscal variables (g, Tt). Moreover, suppose Z* satisfies the system of
equations given by (22)-(34) and a Taylor rule, given a sequence of fiscal variables
(g1, 7). Then, there exists a sequence (7;, T;) that implements Z* as a solution to

(22) — (36).

I5A similar result is emphasized in Werning (2012) and Cochrane (2017) in a different
context.
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FIGURE 9: Model impulse response functions to a monetary shock. Interest rates
and fiscal variables match the data.

Lemma 5 implies that we can test the predictions of the model indepen-
dently of the policy regime that led to those paths for policy variables. If by
doing this we reject the model, then assuming monetary or fiscal dominance
will not change the results. In this sense, our exercise is about in-sample
evaluation of the model, which does not require a stand on policy rules.

Figure 9 depicts the results. The solid line is the impulse response esti-
mated from the data (as in Figure 8), with the dashed lines being the 90%
confidence intervals. The pointed line is the impulse response of the model.
We can see that the model predicts higher inflation than the data, though

mostly inside the confidence bands. However, the data rejects the impulse
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FIGURE 10: Model impulse response functions to a monetary shock. Government
spending is set to zero.

response for output. While the data implies that a positive monetary shock
generates a recession in the short-run, the model predicts a boom. Figure 10
performs a similar exercise but imposing that government spending does
not react to a monetary shock, motivated by the fact that the data cannot
reject that the changes are zero. The difference with the data exacerbates.
Since the point estimate of the impulse response of government purchases
is negative, their contribution in the model is a force towards lower inflation
and output. When we set government spending to zero, the output boom
exacerbates, and now we have statistically significant increase in inflation.

Thus, we conclude that the standard New Keynesian model cannot pro-
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duce impulse response functions on output and inflation that resemble the
ones obtained in the data. This result contrasts with some of the findings
in the literature, for example Christiano et al. (2005). The difference relies
on our use of fiscal policy as an extra restriction in the model. When fis-
cal transfers are set to match their empirical counterpart, the standard New
Keynesian model is dominated by substitution effects that are too weak to
match the data. The way the model produces stronger wealth effects is by
increasing government transfers. But once government transfers are con-
strained to match the data, the model’s performance worsens. Importantly,
we want to emphasize that this result does not depend on equilibrium selec-
tion. Thus, the test in this section can be interpreted as being the answer to
the following question: is there any equilibrium in the standard New Key-
nesian model that can produce impulse response functions similar to the
ones in the data, once we impose observed paths for monetary and fiscal variables
after a monetary shock? The answer is no.

In light of these results, next we briefly explore an extension of the stan-
dard model that relies on endogenous strong private wealth effects in re-
sponse to monetary shocks. We show that when forced to match the mon-
etary and fiscal dynamics of the data, this model produces dynamics for

inflation and output similar to the data.

5.4 Private Wealth Effects: Indebted Hand-to-Mouth

The previous analysis showed two things: first, implied government trans-
fers are important for the quantitative success of the standard New Key-
nesian model; second, once transfers are disciplined by the data, the stan-

dard New Keynesian model cannot produce wealth effects strong enough
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to match the impulse response functions of output and inflation in the data.
With this in mind, we study a very simple extension of the New Keyne-
sian model to account for private wealth effects, and show that it produces
dynamics closer to the ones found in the data. The model is based on Eg-
gertsson and Krugman (2012) and the new literature on HANK models.
The model is a standard borrower-saver economy. There are two types
of agents. The main difference between these two groups is their discount
factor: borrowers are more impatient than savers. Agents in this economy

are subject to a borrowing constraint of the form:

By  —
— <D
Py ’

where B; is the level of the agent’s nominal debt, I is the price level, and
D is a real borrowing limit. The rest of the economy follows Smets and
Wouters (2007).

In the steady state of the economy, the borrowers are against their bor-
rowing constraint due to their impatience. Therefore, their consumption in

period t is given by
Tt

Cf = wtlf— 1 D+ T;,

+ 1
where Cf is consumption of borrowers, w; is the real wage, [ f is labor of the
borrowers, r; is the real interest rate, and T; is the lump-sum transfers.

It is immediate to see that this model has the potential of producing
strong wealth effects from monetary policy shocks. The borrowers are ef-
fectively hand-to-mouth consumers: every period they consume all their

income net of interest payments. If the interest rate goes up, borrowers

16E.g., Debortoli and Gali (2017); see Kaplan et al. (2017) for a continuum of types ver-
sion.
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will not be able to smooth consumption due to the binding borrowing con-
straint. As a consequence, their consumption level adjusts one-to-one to the
higher interest payments, introducing a channel that, as we show below,
greatly amplifies the effect of monetary shocks.

To understand the importance of having positive debt rather than stan-
dard hand-to-mouth agents, the next Lemma shows that if D = 0, aggregate

variables behave as if they were generated by a representative agent model.

Lemma 6. Suppose D = 0. Then, aggregate variables in the heterogenous agents

economy behave as if they were the result of a representative agent model.

This Lemma implies that the results we obtain below are not simply
coming from having hand-to-mouth agents, but from the fact that these
agents are indebted and, as a consequence, their reaction to interest rate
changes has a direct effect on their consumption decisions.

Suppose that D > 0. We evaluate the quantitative performance this
Smets and Wouters (2007) model augmented by fiscal variables and hetero-
geneous households. The only difference with respect to the representative
agent model is that now aggregate consumption is given by the sum of the
consumption of borrowers and savers. In the calibration, there are two im-
portant new parameters: the fraction of borrowers and the fraction of pri-
vate debt-to-GDP. As a benchmark, we set the fraction of borrowers to 1/3,
in line with the findings of Kaplan et al. (2014), and private debt-to-GDP to
50%.17 1t is important to emphasize that this exercise is a proof-of-concept
and not a serious quantitative evaluation of a model with heterogeneous
agents. The objective of this subsection is to show that this direction of re-

search is promising in producing dynamics that match the data. A serious

17 As a reference, total private debt in the US is close to one GDP.
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FIGURE 11: Heterogeneous Agent Model impulse response functions to a mone-
tary shock.

evaluation would consider a richer model and a more careful calibration.
Figure 11 shows the results. The fit of the model improves considerably
with respect to the standard RANK. The impulse response functions for out-
put and inflation match the effect of a monetary shock on impact, though
there are some discrepancies on the effects after one year. The change in
the interest rate has a strong effect on the borrowers’ consumption, which
cannot be smoothed because they are against their constraint. This partially
offsets the absence of wealth effects coming from government transfers, im-
proving the quantitative performance of the model when fiscal variables are
set to match the data. These results show that, in order to understand the

monetary policy transmission mechanism, a promising avenue of research
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is to better understand the determinants of wealth effects and its interac-

tions with monetary policy.

6 CONCLUSION

In this paper we revisited the monetary paradoxes in the standard New
Keynesian model and study the channels through which they occur. We
focus on two paradoxes: the Forward Guidance Puzzle and the Paradox of
Flexibility. Our main finding is that monetary paradoxes are mainly driven
by strong wealth effects embedded in the standard equilibrium selection,
rather than on the intertemporal substitution effect. In particular, we show
that, generically, the paradoxes arise exclusively due to a counterfactual fis-
cal response to monetary shocks.

To do this, we propose a decomposition of consumption into substitu-
tion and wealth effects, both of which take into account the general equilib-
rium effects of output and inflation. Our first main result is that, in the ab-
sence of wealth effects, the equilibrium does not present any of the paradox-
ical results: even after fully taking into account general equilibrium effects
on output and inflation, the effect of changes in interest rates is reduced
with the horizon of the intervention and the equilibrium is continuous in
the price flexibility parameter. Instead, monetary paradoxes are the result of
strong wealth effects which, in the presence of fiscal consequences of mon-
etary shocks, are solely determined by the expected fiscal response to the
shock. Moreover, we show that this result holds in models that boil down
to a discounted Euler equation, in which case the paradoxes are attenuated
but do not disappear.

Moreover, we find that the prescribed fiscal response in the standard
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equilibrium does not hold in the data. We estimate the fiscal response to
monetary shocks using the high-frequency data approach in Gertler and
Karadi (2015), which combines a VAR estimation and an external instru-
ments approach, where the instruments are the changes of the three-month
ahead fed funds rate in a 30-minute window around FOMC announce-
ments. We find empirical fiscal responses to monetary shocks with the op-
posite sign to the ones implied by the standard equilibrium.

Finally, we introduce the estimated fiscal responses into a medium-size
DSGE model. We find that the impulse-response of consumption and in-
flation do not match the data, suggesting that wealth effects induced by
fiscal policy may be important even outside of the liquidity trap. This re-
sult suggests that the New Keynesian model should be augmented with
mechanisms that generate stronger wealth effects in order to get impulse
responses of output and inflation consistent with the data. In particular, we
show that introducing an indebted hand-to-mouth improves the quantita-

tive performance of the model.
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APPENDIX

Proof of Lemma 1. Define the following rotation of the system:
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where f; =« (a)ggt + Tt) and m; = o 1(iy — p).
The system in the new coordinates can be written as

0 w N2t

Integrating the system above:
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Solving the first equation forward and the second backwards, we obtain
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Rotating the system back to the original coordinates, we obtain
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Evaluating these expressions at t = 0, we get
co = — (cw) ' Zog + (c@w) ! /0 e~ nsds
0 = Zoo — / eiwsﬂlsds.
0

Thus, the relationship between ¢y and 7 is given by
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The standard liquidity trap equilibrium selection sets c7 = 0 and as-
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sumes no shocks after T. Thus, initial consumption is given by

c%)\”( = —e_QT(c’% + cf),

= _ﬁ [a‘lwc /OT <e;s - e_;s) (is — p)ds + /OT <e_ws - e_gs> (wegs + Ts)dS]

and initial inflation is given by

r = K
'K = ow {/ e s [—Ul(is —0) + —(wegs + Ts)ds| — c'¥].
0 rw
Finally, the comparative statics for consumption are
achK & emwWs  emws
0 = —— — — <0,
i clw—w) \ w w
NK
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Proof of Proposition 1. For the Forward Guidance Puzzle we have

aZC(I)\IK K ws ws
. - — J— —e = 0/
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and the limits are straightforward from Lemma 1. For the Paradox of Flexi-
bility note that

s

im k=00, limw=0c0, Ilimw=—0c0, lim — = 00.

K—y00 K—00 K—00 K—00 (W — W
Then, the result is straightforward after some manipulation of the expres-
sions. =
Proof of Proposition 7. From the households” budget constraint we get
that
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where T = fooo e~ P! Tidt is the present value of government transfers, and
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On the other hand, we know that in the standard equilibrium selection,

initial consumption is given by
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Equalizing c)'X =

cp, we can isolate T and get

T
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Taking the partial derivative with respect to time, we get
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Proof of Proposition ??.  The effect of government spending on initial

consumption is given by
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Proof of Lemma ??. From the proof of Lemma 1 we know that any equilib-
rium of the New Keynesian model can be written as

o =eog+ ' +cf

= e g + "t + n{

f f

for some c}*, c;, rt}", 7ty , functions of {it, gt, Tt } 5o,
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and -
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for some qu,t’ Xg,,t, X%t' XCT,t, independent of the shocks. Thus, we can index
all equilibria of the New Keynesian model by the level of lump-sum trans-
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ters, T. By choosing T, the equations above completely characterize the

equilibrium path of consumption and inflation. In particular, we have
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lim 20 = — lim ¢! _T—gc IPod o—wt _
xk—oo Ol K—500 TGe — OWGy4 N
——— —0

—0

Proof Lemma ??. First, let’'s compute the substitution effect. The Hicksian
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demand of the non-linear model is obtained as the solution to the following
problem
min / e f(Jt(iS*”S)dsCtdt
{Ci}2, /0
0 Cl—(f o
st / e PPl gy >,
0 1—0

for some U € R. The FOCs of this problem are given by
o= Jolis=7s)ds Ae PIC77 Wi,

where A is the Lagrange multiplier associated to the constraint. This implies
that

C = e«lr f()t(isfﬂs)ds/\%refgt — efptctlfa = efgtefgf;l jg(isfns)ds)tlj%l

and hence
—0

(1-o0)Uu

P
Jo o= te= 75t Jolis=ms)ds gy

Replacing in the FOC for C;, we get

t,.
e—gte% Jo (is—7s)ds 1

[(1-o)u]™e.

Ci = : —
[fooo e*(ﬁrte*UT_l Jo (is*”s)dsdt} 1o

Log-linearizing around the zero inflation steady state we get,

1t 1 7/ _,.
cf:—/o(zs—ns—p)ds—;/o e Pl(is — 15 — p)dt.
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The present discounted value of the substitution effect is given by

0 1 00 t 1 [e9) (3]
—Pfsdt:—/ —Pf/ s — 775 — ddt——/ —Pf/ 65 iy — 715 —
/Oe o ) A O(zs s — p)ds ) G A (is — 115 — p)ds,
1 (o) o

1
— ot o N —05(; _ o _
oo s e P (is — 115 — p)ds o0 s e (i — s — p)ds,
:O.

Now, let’s calculate the wealth effect. From the Euler equation we have

1/t _
Ct:CO+c_r/() e P(is — 115 — p)ds,

W S 1 —pPS (7
Ct Ct_ct C0+—/ e (Zs_ ns_p)dsl

which is constant over time. Let C = c}'. Then net present value of con-

sumption is given by
/ e Plcecdt = / e Ple (e} 4+ C)dt = fec
0 0 p

where the last equality follows from the fact that the present value of the

substitution effect is zero. Introducing this in the budget constraint, we get

N=Cc= & i e (1 =)y — ) + calir — 71y — p)]dt.

n
Proof of Lemma ??. Immediate from the expression for c;. m

Proof of Proposition ??. The substitution effect is given by

t (e°]
o = (71/ (is — 75 — p)ds — ‘71/ e P (is — 715 — p)ds.
0 0

Consider a monetary shock at date s. The substitution effect of consumption
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at dates t < s is given by

o0 o7t
—a‘le_PS—HT_l/ e PP =Zdz.
0 dis
Moreover,
o,  ,,0m = O7m}'
. - ei . + . 7
dis dis dis
where o
oM _ 0T
dis T TG — 0WGy
and
oy (e - eme s, itz <s
dis — KW@ — W) jfz > s

Putting all the pieces together, and after some algebra, we get

T _
=gl @ o

TGe — 0PG4

t<s

S
It is straightforward that lims_,e %% = 0. Moreover,

ocs 1
lim -2 — (— — (7_1) e P,
Kk—00 i We
Now consider the substitution effect at datest > s
o7t 00 o7t
Zdz + 0_1/ e P* 2z
Ji 0

Is

t
ol 1—e ) —¢! /
0
Consider the third term

© drrg . It 1 9 o _dnh
oz | ,wz z _ = pz 97tz
/0 ¢ (e FTRRFT >dz @ ois +/0 e

omy w owe =
ds TG — oWy

where
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~ S —ps ws —2ws —ws
s /s - (ewz B e@) TS gy K e P e n e e
w—w Jo w—w w w w w
% ) _ % e —2ws e—Ps
— / e PEe* (e*“’s = e*gs> dz = —— — — —
w—wJs w—w w w
© m o
/ e—pzan:’z dz — ¢~ PS _ p=@s
0 0is
Hence
-1 © zanz -1 0wey —ws —1( —ps —ws
o e PP Sdz= -0 ' ——2 ¢ +0o <eP—e )
0 dis TG — OWGy

Now consider the first term

t m wt t 9
/ <ewza7r0 n o’ ) gy © 1 67'10 n a7’ i
0

di di w  dig 0 Oig
where
® S/ @ ® 1—e @ plw-@)s _ p=ws
— / <ewz — e&z) e WSy = — = -
w—w Jo w—w w w
~ ¢ ~ wt (,—Ws __ ,—ws\ __ ,(w—w)s
s = _ £ e“ (e e e +1
I / PW? <€ ws _ o gs) dz = — — ( )
w—w Js w—w w
t 9 . e ewt g~ Ws _ p—ws
.Z dz — <1 _ e—ws) — — ( )
0 Ois w—w w
Hence
tom! = o1k ew! (WS — WS
_0.—1 .z dz = _0—1 (1 o e—ws) + = ( )
0 Ois w—w w
Therefore
_ ow = _ o — 4w = _
o 1_ Ca e wsegt_o. 1_ 0G4 e WS _ o 1_ egt <€ ws _ o gs)
TGe — O0WGy TGe — 0WGy w—w
]
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Proof of Proposition ??. Then

p/ e (1 —7)(fs — 15)ds = p/ e (1 —7)ésds +p/ e (1 —-7)(gs — T5)ds
0 _Jo o

—(1-7)C

—(1-7)C+p [ e -T)(g s

and

pb/ e P(is — ts — p)ds = pE/ e P (is — rtf + owet — p)ds
0 0

= pE/ e P (is — 7t; — p)ds + cwbC.
0
Introducing these two results into (??), we get
C=[1—(T—owb)C+A, (21)

or
A

T— O'QE,
where A = pb [7 e 5 (is — i} — p)ds +p [, e (1 —T)(gs — Ts)ds is the

autonomous component of consumption. m

C=

Proof of Lemma ??. Consider firm’s j problem in a flexible price economy

max(1— 7)PL(j)Yi(j) — Wy (Y—“))

Pi(j)
. Pi(j)\ ¢
st Yi(j) = (%p) Y;.

Plugging in the demand in the objective function and taking firs order con-

ditions gives

e CURECCONEOY
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Rearranging,

1—a
e 1 WY* e 1 WN"
e—11—-1 « A% Ce—11—-1 a A
t

b = — wt—pt:—*q—(l—oc)nt.

Labor supply is given by
oct + ¢ny = wy — py.
The resource constraint is given by
Yt = ¢t + &t
The production function gives
Ve = any.

Combining labor demand and labor supply, we obtain

0 — oct + 1t
T+l —a

Plugging the production function and the expression for labor into the re-

source constraint

e Tt o = o= — p+1—« _ 1
p+1—a ' ¢p+1—a 8t e \(p—i—l—oc—kzwjgt ¢+1-a+ao

wgq wr

Tt.

Hence, the present discounted value of consumption is given by
/P =—p / e P wegt + wendt,
0

. . .. acfr —ot acft —pt
which gives us the derivatives Do = —pe Pwg and G- = —pe P wr.
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Consider the limit involving T

. T . Vi T . w -w T T
hm - = hm _— = = hm —(——— — & 111’1’1 e
K500 T —W0Gy K0T — WOGy /K K WT —WoGg /K K=o/

w_—w 1
WT—wocs — \Jog,
its value in the flexible price equilibrium if and only if limy \/l% =0 m

since limy_y00 +/ —0 . Hence, the wealth effect converges to

1 Smets & Wouters (2007) Revisited

In order to keep the exposition short, we present the log-linearized version
of the model, followed by a description of the differences that incorporating
the fiscal variables introduce to the model.

The equilibrium of the economy is characterized by the following sys-

tem of linear rational expectations equations:

e the aggregate resource constraint
Yt = cyCt + iyis + g8t + zyZt, (22)
e the consumption Euler equation
ct = c10e-1 + (1= c1)Ercer + co(lr — Edlegr) — e3(re — Evmtern), (23)

e the investment Euler equation

if = ilit—l + (1 — il)Etit+1 + izt]t, (24)
e the Tobin’s Q
gt = q1Eqean + (1 — q1)Eerfy g — (1 — Evmtsn), (25)
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e the production function

Yo = Pp (aki + (1 —a)l), (26)
e the capital services equation
ki = ki1 +zt, (27)
o the capital utilization rate
_ k
Zt = Z11%, (28)
e the capital accumulation equation
(29)

ki = kike—1 4+ (1 —kq)iy,

e price mark-up
up = a(ki —1;) —w, (30)
e the NK Phillips curve
T = M1 + B — 7t3;4f + 3(1 — )1, (31)
e firms’ cost minimization equation
k= —(k — I;) + wy, (32)
e wage mark-up
1 h
:u?j = Wt — Ullt + n (Cl’ - _Ct—l) Y (33)

1-2 i
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o the aggregate wage index

wy = w W1 + (1 — w1) (Eswii1 + E¢mTq) — Wamty + w31 — Waply,
(34)

e long-term bond price

L
qf = —117 * Qi — 7o (35)
e the household’s budget constraint

Ly
cycr+ iy + "y (b +qF) = (1= T) (yr —7) — 72 + EE 2t
(1+peg")by  (1+pLg")b

B ! 1+ 7t*

T Ibk + Ty, (36)

where y; is output, ¢; is consumption, i; is investment, g; is government
spending, z; is the capital utilization rate, I; is hours worked, r; is the nomi-
nal interest rate (set by the monetary authority), 7t; is the inflation rate, g; is
the Tobin’s Q, r’t‘ is the rental rate of capital services, ki is capital services, k;
is the stock of capital, w; is the real wage, y} is the price mark-up, ¥ is the
wage mark-up, T; is the proportional sales tax, b is government bonds, g+ is

the price of the long-term bond, and T; are government lump-sum transfers.
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