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Abstract

We analyze the influence of the fiscal position on the transmission of government spend-
ing shocks in a New Keynesian model. We find that once we allow for positive levels of
government debt in the steady state, the sign and the size of the fiscal multiplier depend
strongly on the horizon at which the multiplier is evaluated. While the long-run effect of a
fiscal policy innovation is typically of a similar order of magnitude as in Gali et al. (2007),
short-run multipliers differ substantially. The reason for this non-monotonic behavior is the
interaction between the dynamics of the inflation rate and the debt level in real terms, which
is absent in standard models in which government debt is restricted to be equal to zero in
the steady state.
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1 Introduction

How does fiscal policy influence the business cycle? This question has a long tradition and has
received a tremendous amount of re-newed interest in academic discussions as well as policy
debates in the aftermath of the global financial crisis (see e.g. Cwik and Wieland, 2011; Ramey,
2011, for recent surveys). Similarly, rising government debt levels have also attracted a lot of
interest since debt—to—GDP ratios have been increasing strongly throughout the industrialized
world. Nevertheless, the existing literature treats these two issues as being largely distinct
and neglects potential interrelationships between the level of government debt and the effects of
fiscal policy on the business cycle.! In fact, fiscal policy in the standard New Keynesian model is
usually analyzed under the assumption that government debt is zero in the steady state. In this
paper, we contribute to the literature by analyzing if and how positive levels of government debt
in the steady state influence the responses of macroeconomic variables to a government spending
shock in a New Keynesian model in which a fraction of the household sector is characterized by
rule-of-thumb behavior as in Gali et al. (2007).

We find that once we allow for positive levels of government debt, the dynamics of the
model become generally more persistent and less monotonic, albeit the long-run responses to
a government spending shock are of a similar order of magnitude as in Gali et al. (2007).
Put differently, the magnitude, and even the sign, of the fiscal multiplier depend strongly on the
horizon at which the multiplier is evaluated for sufficiently large levels of steady state government
debt. The intuition goes as follows: an expansionary government spending shock, for instance,
puts upward pressure on inflation and reduces government debt in real terms. For an empirically
plausible calibration of fiscal policy reaction functions, taxes decline in response to the reduction
in the real level of debt and therefore fiscal policy exerts an additional, expansionary effect via
the increase in the disposable income of rule-of-thumb agents which ultimately results in an
increase in aggregate consumption. Over the medium run, however, the inflationary effects of
the government spending shock lead to higher real interest rates via active monetary policy
and therefore the real debt burden starts to increase. As a consequence, taxes increase and
the initially expansionary effect is counteracted. Since these effects unfold slowly over time the
dynamics of the model become more persistent and the adjustment back to the steady state is
less monotonic.

We also find that higher levels of steady state debt increase the regions of the parameter

LA notable exception is Ilzetzki et al. (2010), who explicitly analyze how the size of the fiscal multiplier varies
with the debt to GDP ratio in a large panel data set including developed as well as developing countries.



space associated with indeterminate equilibria. The intuition behind this result is again closely
related to the interaction between the inflation rate and the real debt level which increases the
volatility of disposable income such that the standard Taylor principle does no longer guarantee
determinacy. Specifically, we show that even relatively low degrees of price stickiness may give
rise to multiple equilibria and sunspot fluctuations if the debt—to—GDP ratio is sufficiently high.
In this sense our results extent the analysis in Gali et al. (2004) who show that rule-of-thumb
behavior in conjunction with price stickiness increases indeterminacy regions.

Overall, our results suggest that when the government is permanently indebted, the effect of
fiscal policy on macroeconomic variables becomes rather erratic over time. If, for instance, due
to a fiscal stimulus package implemented during a recession the debt level increases permanently,
then fiscal stabilization policy becomes harder to implement during future downturns. Albeit
somewhat related, this point is different from the argument that high debt levels leave little
flexibility to use fiscal policy in times of economic downturns (see e.g. Fatas and Mihov, 2009).

Since our results follow from the interaction between the inflation rate and the real debt level,
the paper is related to Aizenman and Marion (2011) and Krause and Moyen (2011) who also
emphasize the effect of inflation on real debt. However, in contrast to these two contributions, we
highlight the endogenous reaction of inflation without unexpected policy interventions which are
the focus of these papers. Corsetti et al. (2010) analyze the implications of government debt in
times of deep recessions. They show that anticipated spending reversals can have expansionary
effects in the short-run. Our analysis differs from this paper in the sense that we look at debt
dynamics more generally and not in the context of severe downturns.

The remainder of the paper is structured as follows: Section 2 describes the model and
and the calibration. Section 3 discusses the implications of a positive debt to GDP ratio for
equilibrium determinacy and Section 4 discusses how the debt—to—GDP ratio influences the fiscal
multiplier. In Section 5 we allow for a more general maturity structure of government debt and

Section 6 concludes the paper.

2 Model and Calibration

In this section we describe the structure of a standard New Keynesian model which forms the
basis for our analysis. Firms operate under monopolistic competition and each firm j hires labor
N+ and capital K;; to produce a differentiated good Y;; according to: Y;; = N ﬁ;a)K 71 The

firm sells its output at a price P;; and faces the demand curve Yj‘ft = (Pj+/P:)” Y, where Y}



and P; denote aggregate output and the price level respectively. The elasticity of substitution
between differentiated goods is denoted by e. As in Calvo (1983), each period, only a fraction
(1 — 0) of firms is able to adjust its price. The household sector consists of (1 — ) optimiz-
ing households with access to capital markets and a fraction A of rule-of-thumb consumers.
Optimizing households maximize lifetime utility:

By 8 <1 co Ntow) (1)
0 og t )
t=0 L+

where CY and N/ are consumption and labor supply of optimizing households. [ is the dis-
count factor and ¢ is the inverse of the Frisch elasticity of labor supply. The sequence of
budget constraints reads: P;(CY + I;) + By = (Wi P,N? + Divy + RFP,Ky_1) + By_1Ry_1 — P, T?,
where I, denotes investment and B; are government bond holdings. These bonds yield a
gross interest rate of R;. The capital stock, K; is owned by optimizing households and R}
is the rental rate of capital. Optimizing households draw income from labor WP, N{, capital
RfPth,l and dividends Divy. T denotes lump-sum taxes. The capital accumulation equation
st Kt = (1—-0)K1+ ¢ (II(Z:) K;—1. As in Gali et al. (2007), the capital adjustment cost
function ¢ (I;/K;) satisfies: ¢’ > 0, ¢" < 0, ¢/(§) = 1, ¢(§) = §. The asset holding house-

hold solves the optimization problem by choosing By, K;, CY and I;. With respect to the labor
market we follow Gali et al. (2007) and assume that there exists a continuum of unions which
represents workers of gwcertain type. Specifically, the labor input of firm j is the CES aggregate:
< J N(4, z)(elﬁuwl)dz> ﬁ, where €, denotes the elasticity of substitution across different types
of labor (i). Each period unions set wages such that the instantaneous surplus of its members
is maximized subject to a downward sloping demand curve Ny(z) = (Wy(2)/Wy) ™ Ny.

In addition to optimizing households, the household sector of the model economy also consists
of rule-of-thumb agents, who consume their entire current labor income and maximize u(C}, N}')
subject to P,C] = (W, P,N]') — P/}, which yields optimal consumption: C{ = W,N; — T}

Galf et al. (2007) show that the aggregate labor supply scheme can be written as W = C; N/
under the assumption that there exists a governmental transfer scheme which equates steady
state per capita income across groups of households: C' = C°? = C", where bars denote steady
state values.

The central bank follows a Taylor rule:

Ry = (Ri_1)™ <R (7::)% <§;>¢>y>1—pr’ o)

where ¢, ¢, characterize the responses of the interest rate to fluctuations in the inflation rate
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and the output gap and p, denotes the degree of interest rate smoothing.
The fiscal policy bloc closely follows Gali et al. (2007). Government debt evolves according
to:

By =B 1Ri—1 + P(Gy — Ty), (3)

where new debt in period ¢, By, is issued to finance the primary deficit P, (Gy — T;) and to
revolve old debt at last periods gross nominal interest rate R;_1. Government expenditures G
are exogenous and follow an AR(1) process:

(§)- (5 o

where ¢ is a spending shock and p, measures the persistence. Taxes are set according to the

BECONEN

where ¢, and ¢, determine the responses to the ratio of debt to steady state output, B;_1/Y,

rule:

and expenditures as a fraction of output in the steady state, G;/Y. The tax rule reflects the fact
that government expenditure programs need to be financed either by taxes at an early stage, or
by taxes at a later stage if expenditures are financed by debt in the first place (see also Corsetti
et al., 2009; Bohn, 1998; Gali, 2003). A sufficient response to the level of debt assures that the

debt—to—GDP ratio remains stationary.

Aggregation and market clearance We conjecture that market clearing requires:
Ne= [ NG (6)

K = /Kt(j)dj (7)

Yi(4) = Xe(4)V5. (8)

Y; = Cy + I + Gy 9)

The Log-Linearized Model The equilibrium dynamics of the model around the steady state
are summarized by the following set of equations. Lower-case letters denote log-deviations from
steady state values (i.e.,z; = log(X;/X)). Based on the price setting behavior of firms we obtain

the New Keynesian Phillips curve:

T = BE{mi1} — Apiit (10)



where A\, = (1 —86)(1 —0)0~! and 1} = (y+ — nt) — w denotes the log-deviation of the average
mark-up from its steady state. The aggregate production technology is a standard Cobb-Douglas
technology in the intermediate good sector which can be approximated up to first-order by
Yyt = (1 — a)ny + ak;. Consumption dynamics of asset holding households is described by the

consumption Euler equation:

¢} = Ee{ciy1} — (re — Ex{mea}). (11)

Labor supply of asset holding households evolves according to the labor supply schedule: wy =
¢} + png.

Investment dynamics are summarized as follows:
it = nge + ky, (12)

where the elasticity of investment with respect to the price of capital ¢; is n = —1/(¢”(0)d). The

price of capital evolves according to:

@ = BEf{qr1} + [1 — B(L = 0)|E{rfiy} — (re — Be{mea}). (13)

Rule-of-thumb agents consume their disposable income:

WN" Y
i = (Yo ) et - (&) (1)
where (WC]X T) = (i;z) and (%) = 1/4.. With respect to the steady state consumption share
it holds that: 7. =1 — v — 7 and 7 = (wfﬁ. Optimal labor supply is: w] = ¢} + ¢nj.

Since C°=C" =C and N =N =N, as in Gali et al. (2004), we can aggregate consumption
and hours as ¢; = (1 — A)ef + Acj and ny = (1 — A\)n? + Anj. Aggregate consumption ¢; evolves

according to:
et = B{ci1} —o(re — B{mig1}) — OnE{Anga} + O B { Aty 4}, (15)

where o = ((1 = N\)®7.uP),0, = (A(1 — a)(1 +¢)), O, = (APuP), & = (yeuP — A(1 — )L
Angy1 and Aty reflect the influence of disposable income on consumption.

The linearized Taylor rule is standard:

Ry =prRi—1 + (1 — py)(pnmmy + ¢yyt)- (16)

Linearizing the government budget constraint yields:

by = (1+ p)be—1 + (gt — te) + b(L + p)(Re—1 — 1), (17)



where p = 371 — 1 and b, = (B;/P;_1)/Y — b denotes the deviation of the debt-to-GDP ratio
from its steady state value b = (B/P)/Y in percentage points and t;, = (T — T)/Y. If b > 0,
then the lagged real interest rate exerts some influences on b;. If R;_1 — 7 is below its steady
state value R — 7 = 7!, then fiscal authorities have additional room to cut taxes or increase
expenditures. If, in contrast, R—7 < R;_1 —m; taxes have to be adjusted upward or expenditures

need to be cut. The log-linearized tax rule reads:
te = Ppbi—1 + dg0t, (18)

Calibration We set the fraction of rule-of-thumb consumers to A = 0.5 (see Mankiw 2000).
The elasticity of wages with respect to hours is equal to ¢ = 0.20. The discount factor is set
to 8 = 0.99. With respect to the supply side of the model we assume that prices are fixed on
average for four quarters with 6 = 0.75. The steady state price mark-up pP is 1.2, which reflects
a 20 percent mark-up in the intermediate good sector. We set the capital share to a = 0.33
and the elasticity of investment with respect to Tobin’s QQ to n = 1. The quarterly depreciation
rate of capital is § = 0.025. For the aggregate resource constraint we assume that government
expenditure accounts for 7, = 0.2, investment for y; = 0.198, while the remaining fraction of
Y. = 0.602 accounts for the consumption share.

For the policy parameters we choose the following calibration. We set the parameter that
determines the responsiveness to inflation in the Taylor rule to ¢, = 2.50. Although this value
is somewhat higher than what is usually reported in empirical studies, a higher value is needed
to guarantee determinacy in the baseline calibration, since the model features rule—of~thumb
consumers (see Gali et al., 2004).

For the calibration of the fiscal policy block, we use parameter values reported in Gali
et al. (2007). Their calibration strategy consists of choosing values for ¢, and ¢, such that
the dynamics implied by the model are consistent with the estimated impulse responses to a
government expenditure shock. For the elasticity of taxes with respect to spending, they argue
that ¢, = 0.10 is consistent with the data, and the elasticity of taxes with respect to debt is set
to: ¢ = 0.33. We set the first-order autocorrelation in the fiscal expenditure shock to p, = 0.90,

which matches the half-life of the empirical impulse responses to a government spending shock.



3 Equilibrium Determinacy

In this section we investigate how the steady state debt—to—GDP ratio influences the existence
and uniqueness of the rational-expectations equilibrium. It is well known that in the basic New
Keynesian model, without rule—of-thumb consumers or investment, a necessary condition for
determinacy is (see e.g. Woodford, 2003, p.256):

1-5

$rt — by > 1. (19)
g

If ¢, = 0, then this condition reduces to the well established, standard Taylor principle: ¢, >
1. The existence and uniqueness of the rational expectations equilibrium is guaranteed if the
nominal interest rate is adjusted at least one-for-one in response to fluctuations in the inflation
rate, since this behavior ensures that the real interest rate and, ultimately, aggregate demand
are stabilized.

Gali et al. (2004) show that the introduction of rule-of-thumb behavior changes the deter-
minacy properties of the model since monetary policy may not be able to stabilize aggregate
demand by adjusting interest rates as rule—of-thumb consumers respond only to changes in
disposable income. Consequently, if economic activity increases, for instance, due to some non-
fundamental reason, income and consumption of rule-of-thumb consumers increase as well and
the Taylor principle may not be sufficient to guarantee determinacy if the share of rule—of-thumb
consumers is sufficiently large. Note, however, that a countercyclical mark-up is necessary to
obtain this outcome. Otherwise, the real wage, and therefore disposable income, fall due to lower
labor productivity. This link between the stickiness parameter \,, the share of rule-of-thumb
consumers A, and the determinacy of the equilibrium is illustrated in the top-left sub-figure in
Figure 1, where we set the steady state level of the debt—to-GDP ratio to b = 0. We see that for
a sufficiently large share of rule—of-thumb consumers and a sufficiently high degree of stickiness,
the equilibrium is indeterminate although the calibration of the interest rate rule satisfies the
Taylor principle.

The remaining three subfigures show that the size of the determinacy region is influenced
by the debt-to-GDP ratio in the steady state. For higher values of b, even smaller shares of
rule—of-thumb consumers are associated with indeterminate equilibria. Thus, as a novel finding
we can report that for high debt—to—GDP ratios the non-uniqueness region also comprises low
degrees of price stickiness, a feature that is not present in the basic framework.

The intuition goes as follows: Since interest payments on government debt are fixed in



nominal terms, any, perhaps non-fundamental, shock that influences the inflation rate, also
influences the real interest burden. Thus, if inflation increases, interest payments in real terms
decline and since taxes are set according to the tax rule (18), the resulting, lower level of debt in
real terms translates into a tax reduction. Consequently, disposable income increases and so does
the consumption of rule-of-thumb consumers. Although the interest rate rule ensures that the
increase in inflation leads to a higher real interest rate, the central bank is not able to counteract
this consumption boom. In essence, sufficiently high levels of debt—to—-GDP amplify the volatility

of disposable income such that self-sustaining booms undermine the Taylor principle.

4 Impulse Response Analysis

Having characterized the implications of government debt for the determinacy properties of the
model, we now study how the steady state debt—to-GDP ratio influences the transmission of
changes in government spending to aggregate economic activity. Figure 2 shows the impulse
responses to an expansionary government spending shock for three different calibrations of the
steady state debt—to—GDP ratio: the benchmark case with b = 0 (solid lines), b = 1 (broken
lines) and b = 2 (dotted lines).

For the benchmark calibration with b = 0 we basically replicate the results reported in Galf
et al. (2007): optimizing agents reduce consumption, due to the wealth effect associated with
future tax increases and the intertemporal substitution effect induced by the higher real interest
rate. Rule—of-thumb agents, in contrast, have higher disposable incomes due to the higher real
wage in combination with an increase in hours worked. Note that along with the increase in
demand, inflation increases since firms adjust prices to reflect higher production costs. Higher
inflation in turn induces the central bank to tighten monetary policy. Following the increase
in the rental rate of capital, investment declines. Since the consumption response of rule-of-
thumb consumers is sufficiently strong to compensate both, the lower consumption spending of
optimizing agents and the decline in investment, the increase in output is almost as large as the
initial increase in government spending. Thus, with this calibration, we obtain a fiscal multiplier
around unity.

Next, suppose that government debt amounts to 100 percent of GDP in the steady state:
b = 1. While the responses are qualitatively similar to those obtained with the benchmark
calibration, the model economy responds initially more sluggishly to the government spending

shock, and the responses are amplified over the medium run. Put differently, the impulse



responses become more persistent and the adjustment back to the steady state is less monotonic.
This pattern is even more pronounced for b = 2. Here, the peak responses are substantially larger
and occur later than in the other two calibrations considered.

These differences in the dynamics are the consequence of the interrelationship between the
inflation rate and the dynamics of government debt. The expansionary shock to government
spending puts upward pressure on the inflation rate, since firms respond to higher demand,
and consequently higher production costs, by increasing prices. Since interest payments on
government debt are fixed in nominal terms for one period, the real interest burden declines.
Figure 3 shows the dynamics of the government budget balance (the change in government
debt), the primary deficit, the interest burden and tax revenues in real terms. We see that while
the primary deficit increases by the same amount in the impact period for all three calibrations
of b considered, the interest burden declines when government debt is positive in the steady
state. This effect initially counteracts the increase in debt associated with higher government
spending. However, this dampening effect of the inflation rate is confined only to the impact
period in which the interest payment is fixed in nominal terms. In later periods, the interest
burden increases strongly along with the real interest rate. Since firms anticipate the higher
demand associated with the temporary tax reduction, the increase in the inflation rate is more
pronounced for higher levels of initial government debt, which - via the interest rate rule - leads
to stronger increase in the real interest rate. Thus, although higher inflation initially reduces
the tax burden, it ultimately leads to less favorable financing conditions.

In short, the government spending shock influences government debt dynamics not only
directly, but also indirectly by altering the burden of existing debt. The second effect is absent
when the debt—to—GDP ratio is zero in the steady state. Since taxes are closely related to
debt dynamics, the lower burden of debt in real terms leads to a higher disposable income and
consequently an increase in consumption spending of rule-of-thumb agents.

Note that in Figure 2 several impact responses change signs for sufficiently high levels of b:
aggregate consumption, consumption of rule-of-thumb agents, hours worked, the real wage, the
rental rate and, to some extent, also output declines in the impact period. For higher levels of
government debt, the increase in inflation in the impact period, partly due to the anticipation of
higher demand in the future, is strong enough to reduce the real wage and therefore also income
and consumption of rule—of-thumb agents, in the impact period. This effect counteracts, and
for sufficiently high levels of government debt even overcompensates, the expansionary effect of

government spending in the impact period.
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Also note that the presence of rule-of-thumb agents, or limited asset market participation, is
a crucial element of the transmission mechanism. If we set the share of rule-of-thumb agents to
zero, then the debt level influences only the dynamics of the deficit and leaves the transmission
of government spending shocks to macroeconomic variables unchanged. This result is somewhat
reminiscent of Barro (1974), in the sense that the level of debt is neutral in a model with
forward-looking agents and frictionless financial markets.

Figure 2 shows that the response of output to variations in government spending, i.e., the
fiscal multiplier, now depends strongly on the level of debt—to—GDP in the steady state. To
illustrate this point further, we report in Table 2 the cumulative fiscal multipliers for different
values of b and at different horizons. If b = 0, then output increases by around 1 percent in
response to a 1 percent shock to government spending in the impact period. In other words, the
impact multiplier is roughly equal to unity. Over time, the multiplier declines to 0.91 after 4
quarters and to 0.85 after 8 quarters. When government debt amounts to 100 percent of GDP
in the steady state, b = 1, then the multiplier is reduced roughly by half to 0.53 percent in
the impact period. However, after four quarters, the cumulative multiplier increases to 1.02
and falls again to 0.93 after 8 quarters. When b = 2, the multiplier is negative in the impact
period, increases strongly to 1.11 after four quarters and remains slightly above unity after eight
quarters.

Overall, the table shows that the size as well as the sign of the fiscal multiplier depend
strongly on the horizon at which the multiplier is evaluated. Although the impact multiplier is
lower for higher levels of government debt in the steady state, differences are less pronounced
in the longer run and the multipliers are of similar order of magnitude as in Gali et al. (2007)

after 8 quarters.?

5 Maturity Structure of Government Debt and the Fiscal Mul-
tipliers

So far, we have assumed that government debt has to be fully rolled over each quarter. In this
section, we relax this assumption and allow for a more general maturity structure. To do so, we
follow Calza et al. (2012) and assume that the government redeems only a fraction 1/m of the

total outstanding debt each quarter. Accordingly, the government budget constraint becomes:

1
Bt = PGy —Ty) + — > (Bmi—1Ri—m) - (20)

2Since we assume a stronger response of the interest rate to inflation, we obtain multipliers which are somewhat
smaller than in Galf et al. (2007).
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Linearizing this expression around the steady state yields

1 1-—
bt = (g¢ — ) + Eﬁfl Z bini—i + %bﬁfl (Z Ry — Z 7Tm,t—j+1-) (21)

Since only a fraction of 1/m of the outstanding debt matures in period ¢, the nominal interest
rate on the remaining fraction, (m — 1)/m is predetermined. Consequently, changes in the
inflation rate will alter the real rate of interest (3 Ry ¢—j — > Tmt—j+1) and ultimately the real
burden of government debt.
Since asset holding households take into account that their bonds will provide interest pay-
ments for ¢ + m quarters in the future the Euler equation reads
0
;ﬁ = Ry F <; S j;:;) . (22)

Taking a log-linear approximation yields:

= (2) " B(SHh) - (Rue= (20) Blws-m). 3

To see if and how the maturity structure matters, we will conduct our analysis along two
dimensions: first, we keep the maturity fixed and report cumulative fiscal multipliers for different
steady state debt-to-GDP ratios and second, we investigate the influence of longer maturities
for a given level of government debt.

In Table 3 we report cumulative fiscal multipliers for different steady state debt—to-GDP
ratios and m = 2. We see that the impact multipliers still depend strongly on the steady-state
debt-to-GDP ratio. Higher values for b are generally associated with smaller multipliers in the
impact period. However, for larger values of b the multipliers increase strongly over the longer
run. Thus, our main results do not appear to depend on the maturity structure.

In Table 4 we report cumulative fiscal multipliers for maturities ranging from m = 1 to
m = 4 and a steady state debt-to-GDP ratio of b = 1. We see that increasing the maturity of
government debt generally increases the multiplier. In particular, the impact multiplier increases
from 0.53 to 1.01 when the maturity of debt increase from m = 1 to m = 4. The reason for
these amplified effects is that for longer maturities, a larger part of total debt is predetermined
and therefore a surge in the inflation rate exerts a more pronounced effect on the real debt
burden. That is, since the fiscal expansion is increasingly financed by inflation for higher m,
the expansionary effects of the government spending shock are amplified to a greater extent.
However, differences in the multipliers across different values of b are more pronounced in the
impact period than at longer horizons, suggesting that this effect works primarily in the impact

period.
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6 Summary

We show that higher levels of government debt result in less monotonic behavior of macroeco-
nomic variables in response to spending shocks. Especially short-run and medium-run multipliers
vary substantially depending on the level of government debt in the steady state. Moreover, our
determinacy analysis suggests that the debt—to—GDP ratio does not only alter the responses to
fundamental shocks, but also reduces the size of the determinacy region. That is, for high values

of the debt—to—GDP ratio, sunspot fluctuations become more likely.
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Table 1: Baseline calibration

Parameter Value Description

Household Behavior

A 0.50 share of ROT

%) 0.20 real wage elasticity

B 0.99 discount factor

Price Setting

0 0.75 Calvo parameter

uP 1.20 steady state price mark-up
n 1.00 elasticity to Tobin’s Q

o' 0.33 capital share

6 0.025 depreciation rate

Fiscal Policy

o 0.33 tax elasticity to debt

o 0.10 tax elasticity to spending
Monetary Policy

fo2s 2.50 response to inflation

Oy 0.00 response to output

Pr 0.00 interest rate smoothing
AR(1) Coeflicient of the Government Spending Shock Processes

Pg 0.90 government expenditures

Notes: The table displays the baseline calibration and largely relies on Gal{ et al. (2007)

Table 2: Cumulative Fiscal Multipliers
t=1 t=4 t=28

0 099 091 0.8

1 053 1.02 093

2 -0.24 1.11 1.02

b
b
b

Notes: The table reports the fiscal multiplier for steady state debt—to-GDP ratios of b=0, b =1, and b = 2.

15



Table 3: Cumulative Fiscal Multipliers for m=2
t=1 t=4 t=38

0 114 117 0.88

1 081 099 0.97

2 019 144 121

b
b
b

Notes: The table reports the fiscal multiplier for m = 2 and steady state debt-to-GDP ratios of b=0,b=1, and
b=2.

Table 4: Fiscal Multipliers for Different Maturity Structures of Debt
t=1 t=4 t=38

1 053 1.02 093

2 081 099 097

3 094 1.04 1.02

4 101 109 1.11

3333
[

Notes: The table reports fiscal multipliers for different maturities with m =1 to m = 4 and a steady state level
of the debt—to-GDP ratio of b = 1.
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Figure 1: Determinacy
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Notes: The Figure shows regions of the parameter space associated with determinate and indeterminate equilibria.

Shaded areas indicate parameter combinations that result in indeterminacy.
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Figure 2: Government Spending Shock
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Notes: The Figure shows the responses to a positive government spending shock when the debt—to-GDP ratio in
the steady state is zero, b = 0 (solid line), 100 percent, b = 1 (broken line), or 200 percent, b = 2 (dotted line).
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Figure 3: Government Spending Shock - Details
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Notes: The Figure shows the responses to a positive government spending shock when the debt—to-GDP ratio in
the steady state is zero, b = 0 (solid line), 100 percent, b = 1 (broken line), or 200 percent, b = 2 (dotted line).
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