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Abstract
This paper studies the debt multiplier, that is, the effects of a temporary and pure change in
government debt on economic activity. Contrary to an infinitely-lived representative agent model,
in an overlapping generations (OLG) framework output increases even after a temporary increase in
debt due to a lump-sum tax reduction that is totally reversed in the future. When nominal interest
rates are positive, the debt multiplier is generally quite small. However, the debt multiplier is
much larger when the nominal interest rate is at the zero lower bound. Hence, the call for fiscal
consolidation in recession times seems ill-advised. Moreover, the steady state level of debt matters
in an OLG framework. Multipliers tend to increase with the level of debt in steady state. A rise in
the steady state debt-to-GDP level increases the steady state real interest rate and thus it provides
an alternative route to increase the room for manoeuvre for monetary policy facing deflationary
shocks.
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Introduction

In face of the Great Recession and the unprecedented fall in output, private consumption and investment spending, all advanced economies responded with a range of fiscal and monetary policy
measures: increases in government spending, tax cuts, and various type of “unconventional” monetary policy measures, given that monetary policy was unable to lower further the nominal interest
rate already close or at the zero lower bound.
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Figure 1: The paths of the deficit to GDP ratio, debt-to-GDP ratio, inflation and policy rate in the
U.S. and in the euro area.
Notes: Sources: FRED database for the U.S. and Eurostat for the euro area.

As a result, the Great Recession deteriorated the fiscal positions of most advanced economies.
Figures 1a and 1b show the expansion in both the fiscal deficit and the debt-to-GDP ratio for the
United States starting in 2008. Monetary policy also reacted promptly decreasing sharply the nominal
interest rate to a level very close to zero (see Figure 1c). The level of inflation in the US rebounded
after the initial drop and then started drifting down, remaining below target. Thus the US almost
1

doubled the level of public debt from the pre-crisis level of about 60% in 2007 to a level above 110% in
2016. Other countries exhibit very similar dynamics, and the response to the crisis was clearly marked
by an increase in public debt in most developed economies. In the euro area debt as a ratio of GDP
started increasing at the end of 2007 triggering the sovereign debt crisis and a second recession (see
1e). Interest rates reached the zero bound only later as 1f shows. Evidently the government’s aim was
to support the collapsing level of aggregate demand. Part of the increase in debt was accompanied
by an increase in government spending, part brought about by a decrease in taxation. While there is
a very large literature on fiscal multipliers, both on spending and different kind of taxes, we analyze
and quantify the debt multiplier, that is, the effect of a pure change in government debt. Given the
spectacular rise in public debt, it seems of primary importance to calculate the level of the output
multiplier of an (tax-financed) increase in public debt per sè, that is, an increase in debt caused by a
simple deferral of future taxes.
Therefore, this paper aims to isolate the effects of a temporary change in government debt on
economic activity. Moreover, we investigate two further questions: (i) How does the debt multiplier
depend on the level of public debt? (ii) Is the debt multiplier higher or lower in crisis time, that is, in
a situation where there is a big negative demand shock so that the nominal interest rate hits the zero
lower bound (ZLB)?
Thus, what are the effects of a temporary and pure change in government debt on economic
activity? Alas, assuming lump-sum taxes, a standard infinitely-lived agent model provides a very
simple and disarming answer to this question: none. Ricardian equivalence would hold in such a
model, so the effect of deferring lump-sum taxes would affect the economy only if (and to the extent
that) taxes are distortionary. Hence, we move away from an infinitely-lived representative agent
(ILRA) assumption and adopt an overlapping generations (OLG) framework. In an OLG setting,
Ricardian equivalence does not hold and a pure deferral of taxes has a positive impact on private
aggregate demand. As such, an increase in the level of public debt, caused by a cut in lump-sum
taxes, would have a positive effect on output. One could consider the debt multiplier as a complement
to the fiscal multipliers so far appeared in the literature, mainly derived in an ILRA framework. The
debt multiplier would be the additional multiplier that one can get if any temporary fiscal policy
measure would be financed through a pure temporary increase in public debt (i.e., a postponement of
lump-sum taxes). The aim of this paper is to analyze this debt multiplier.
Regarding question (i), in an ILRA framework the steady state real interest rate is pinned down
by the subjective discount rate of the representative agent’s utility function. Instead, in an OLG
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framework the real interest rate also depends on the amount of assets in the economy. The larger the
amount of assets, the higher will be the steady state real interest rate needed for the OLG agents to
be willing to hold those assets. Since government bonds represent net wealth in an OLG framework,
an increase in the level of debt means an increase in the level of the real interest rate at steady state.
Hence, the starting level of public debt should affect the debt multiplier.
Question (ii) arises naturally from the reading of the literature on fiscal multipliers. It is well
known from the literature that the government spending multipliers are larger when the ZLB avoids
the crowding out effect in private spending, thus amplifying the effect on output. When nominal
interest rates are positive and adjust according to a Taylor rule, the rise in inflation that follows
an expansion in government spending causes the central bank to raise the nominal interest rate to
counteract the initial increase in demand. Conversely, when the ZLB constraint is binding the nominal
interest rate does not raise to curb inflationary pressures, thus not dampening demand. In accordance,
the literature typically finds larger multipliers for public spending when the ZLB is binding (see
Christiano et al., 2011; Eggertsson, 2011; Woodford, 2011). Another strand of the literature considers
the possibility that fiscal multipliers vary depending on the state of the economy, and empirically
investigates whether fiscal multipliers are higher during recessions than in normal times (Auerbach
and Gorodnichenko, 2012, 2013; Fazzari et al., 2015; Ramey and Zubairy, 2018). The rational behind
this assumption is that in a Keynesian world the economy will not always be characterized by full
employment of resources, suggesting a higher multiplier during economic slack. Multipliers could
thus be non-linear and state dependent. The seminal paper by Auerbach and Gorodnichenko (2012)
confirms this view, finding higher spending multipliers in bad times with respect to periods of economic
upturn. These results are corroborated also by Auerbach and Gorodnichenko (2013) and Fazzari et al.
(2015). Instead, Ramey and Zubairy (2018) estimate multipliers which are below one also for recession
periods.
This paper presents two lines of analysis. Following Eggertsson (2011), we initially provide analytical results about the sign of the debt multiplier by considering a linearized version of a simple OLG
model.1 Our findings indicate that the debt multiplier is positive even if the tax reduction is totally
reversed in the future. We also find that debt multipliers increase with the level of debt, especially
so during a ZLB episode. In this respect, the calls for fiscal consolidation in recession times seem
1
The OLG environment has been used also by Devereux (2011) and Smets and Trabandt (2018) to deal with the
non-trivial effect of the presence of government debt and the related policy issues. In particular, the first concentrates
on the comparison of the effects of different fiscal interventions, the second deal with optimal monetary policy issues.
We depart from these contributions by explicitly investigating the effects of a change in government debt per sè and the
connection of fiscal interventions with the level of debt.
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ill-advised. To fully account for the presence of non-linear dynamics (see, Lindé and Trabandt, 2018),
we take the model in its original non-linear form and run a series of simulation exercises to quantify
the debt multiplier. In normal times, or in a period of mild recession in which nominal rates remain
positive, the multiplier is generally quite small, unless we shut off the wealth effect channel of government debt on labor supply. The debt multiplier is larger when the recession is severe and interest rates
drop to zero. This reinstates the importance of fiscal stimulus when conventional monetary policy is
impotent. Finally, we also show that a high steady state level of debt could provide monetary policy
with more room for manoeuvre in case of a deflationary shock, because it increases the steady state
nominal rate, through a rise in the steady state real rate, for any given steady state inflation target.
The paper is organized as follows. Section 2 presents some empirical evidence relating long-term
real interest rates to the level of debt-to-GDP. Section 3 describes the OLG model using two different
specifications for the preferences of households. Section 4 contains the analytical derivation of debt
multipliers. Section 5 investigates numerically the size of multipliers and the relation with the level of
debt. Section 6 concludes.

2

Empirical evidence

One implication of the OLG framework is that the long-run debt-to-output ratio determines the longterm real interest rate. The larger is the level of debt, the higher the real interest rate. This is
the key mechanism through which the level of debt affects the debt multiplier. The question whether
government debt affects the real interest rate has often been investigated in the literature. One possible
channel through which this can occur is capital stock. If government spending crowds out the physical
capital stock, then, from a simple production model, an exogenous increase in government debt causes
the real interest rate to increase. Moreover, factors other than government debt can influence the
determination of interest rates in credit markets (see Engen and Hubbard, 2005).
The insurgence of the recent sovereign debt crisis in 2010 has posed also other interesting issues
concerning the link between government debt and interest rate spreads. Intuitively, as one country’s
government debt goes up, the perception of investors on the risk of investing in that particular country
worsens, thus dampening demand for the country’s government bonds. This lowers the price of bonds
and boosts risk premia and yields, which in turn makes the debt burden heavier. Then, the country
may need to increase debt again to face higher interest payments, thus triggering a vicious cycle of
higher debt and higher interest rates.

4

Figure 2 shows the long-term real interest rate and the government debt-to-GDP ratio for a set
of countries. The long term interest rate is long-term government bond yield (in most cases 10 year)
adjusted for inflation (calculated as the change in the GDP deflator). We use 2000-2012 averages to
indicate steady state values. When average inflation is particularly high over the sample we incur in
negative values for the real interest rate. The scatter plot captures the positive relationship between
the two variables, as the regression line is positively sloped. The case of Greece is evident, with a high
level of debt-to-GDP accompanied by a high real interest rate.
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5

Greece

4
Ireland
Portugal
Germany

3
2 Australia

Japan
Italy

UK

France Belgium
US
Spain
Canada

1
0
Norway

-1

Iceland

-2
0

50

100

150

200

Debt to GDP ratio

Figure 2: The relationship between debt-to-GDP ratio and the real interest rate (2000-2012 averages).

We conduct a very simple cross-section estimation exercise as a prima facie evidence of the existence of this relationship. Besides the debt-to-GDP we include a number of control variables, namely
the current account balance, consumer price inflation, GDP growth, primary balance and a measure
of productivity. Table 1 groups the results of the OLS estimates. We include the countries appearing
in Figure 2, excluding Japan, which notably shows a high level of debt coupled with a low level of the
interest rate, and the euro area aggregate.
Table 1 shows that the real interest rate significantly and positively depends on the debt-to-GDP
ratio. This relationship is confirmed in all the specifications, where also the controls are included
one-by-one. Thus, the empirical evidence suggests that the long-term real interest rate is positively
related to the long-run level of debt as a percentage of GDP. In the remainder of the paper, we will
show that this relationship holds also from a theoretical point of view.
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Table 1. OLS estimates of the real interest rate

B/Y

(1)

(2)

(3)

(4)

(5)

(6)

0.0198***
(0.0079)

0.0297***
(0.0099)
0.3936*
(0.2390)

0.0299***
(0.0096)
0.4902***
(0.2393)
−0.2896*
(0.1758)

0.0253***
(0.0083)
0.4020**
(0.2059)
−0.4481***
(0.1613)
−0.2300***
(0.0651)

0.0222***
(0.0084)
0.4316***
(0.2035)
−0.6469***
(0.2149)
−0.1548**
(0.0843)
−0.0710
(0.0518)

0.0168***
(0.0081)
0.4963***
(0.2286)
−1.0897***
(0.2647)
−0.0904
(0.0850)
−0.1322***
(0.0544)
0.0000
(0.0000)

GDP growth
inflation
primary balance
current account balance
productivity
Notes: Standard errors in parenthesis

3

The model

We use a dynamic general equilibrium model with overlapping generations à la Blanchard (1985).
Agents have an exogenous probability, q (0 < q < 1) of surviving to the next period. This framework
includes infinite lives as a special case, namely where q = 1. Apart from the characteristics concerning
specifically overlapping generations we keep the model as simple as we can and comparable to the
standard infinitely lived agents model of Eggertsson (2011).

3.1

Households

The setup is very similar to Ascari and Rankin (2013). Households maximize utility in consumption
and leisure. They receive income from working, from interests on bonds and from profits. At the
same time, they allocate their income stream between consumption and bond holdings, and they pay
lump-sum taxes.
As a benchmark case, we consider the following log-log utility function:

En

∞
X

(βq)t−n ξt [log (Cs,t ) + η log (1 − Ls,t )] ,

(1)

t=n

where n is the current period and s (≤ n) is the household’s birth-period. Cs,t denotes consumption
in period t of a household born in period s and likewise for hours worked Ls,t . β > 0 is the discount
factor, ξt is a shock to preferences or to the discount factor and η > 0. In equilibrium a positive
realization of

ξt+1
ξt

will induce a rise in the effective discount factor so that households want to save

more. This will trigger a fall in consumption today and lead to an economic recession which could
imply zero nominal interest rates.
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The optimization problem of the households consists of maximizing the utility function subject to
the budget constraint:

N
N
Pt Cs,t + Bs,t
= (1/q) (1 + it−1 ) Bs,t−1
+ Wt Ls,t + Dt − Tt .

(2)

N are bond holdings of a household born in period s in period t. P , W and i indicate the price
Bs,t
t
t
t

index, wage and the nominal interest rate, respectively. Dt and Tt denote profits from firms and
lump-sum taxes. As in Blanchard (1985), the households receive an “annuity” at the gross rate 1/q
on their financial wealth if they survive, otherwise this wealth passes to the insurance company. The
profits of the insurance companies are zero in equilibrium.
From the first order conditions we obtain the following in the benchmark case:
Cs,t
Wt
=η
,
Pt
1 − Ls,t


ξt+1
Et Cs,t+1 = βEt (1 + rt )
Cs,t ,
ξt

(3)
(4)

where (1 + rt ) = (1 + it ) Pt /Et Pt+1 is the real interest rate. Equation (3) is the individual labor
supply, while equation (4) is the individual Euler equation.
In this case the utility function implies the existence of a wealth effect between hours and consumption. Although the benchmark specification of the utility function is standard in OLG models,
it implies that as agents age they will hit the constraint of non-negative labor supply, because Cs,t
increases with the agent’s age, t − s.2 Hence, we consider also the case where this effect is absent,
through the use of Greenwood et al. (1988) (henceforth, GHH) preferences. Moreover, the wealth effect on labor supply has strong effects on the fiscal multipliers in DSGE models, so that the literature
often employs similar type of preferences (e.g., Monacelli and Perotti, 2008). In the GHH case we
have:

En

∞
X



(βq)t−n ξt log Cs,t − (η/ε) Lεs,t ,

(5)

t=n

where ε > 1. GHH preferences enables to avoid this problem as (3) is replaced by the following:
Wt
= ηLε−1
s,t ,
Pt
2

For a detailed discussion about this issue, see Ascari and Rankin (2007).
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(6)

where there is no Cs,t and thus the labor supply is independent of s. At the same time (4) is replaced
by:





ξt+1 
ε
Cs,t − (η/ε) Lεs,t .
Et Cs,t+1 − (η/ε) Ls,t+1 = βEt (1 + rt )
ξt
Aggregation.

(7)

We can derive the aggregate counterpart of equations (3) and (4) by multiplying by

(1 − q) q t−s (individuals born in period s and still alive in t) and summing both sides for s = −∞, ..., t.
The relationship between a generic aggregate variable Xt and its constituent individual variables is:

Xt =

−∞
X

(1 − q) q t−s Xs,t .

(8)

s=t

After some algebra we obtain the following aggregate expressions:
Wt
(1 − Lt ) = ηCt ,
Pt


(1 − q) Vt
ξt+1
Et Ct+1 +
= βEt (1 + rt )
Ct ,
q
Et δt+1
ξt
where δt = 1 + qβEt

n

ξt+1
ξt δt+1

(9)
(10)

o
.3 Note that for q < 1, government debt represents net wealth

and thereby affects consumption spending. Following Ascari and Rankin (2013), we define financial
1
q

N . Note that the relationship of aggregate to individual financial wealth
(1 + it ) Bs,t
P
t−s V , because we include
is slightly different from the general one, being rather: 1q Vt = −∞
s,t
s=t (1 − q) q

wealth as: Vs,t =

the annuity payout in our definition of Vs,t . The aggregate Euler equation says that the growth rate
of aggregate consumption depends positively on the real interest rate, on the growth rate of the shock
and negatively on aggregate financial wealth.
For the model with GHH preferences (9) and (10) become:

Et Ct+1 +

(1 − q) Vt
q
Et δt+1

Wt
= ηLε−1
,
t
Pt


Et ξt+1
− (η/ε) Et Lεt+1 = βEt (1 + rt )
[Ct − (η/ε) Lεt ] .
ξt

(11)
(12)

Finally, the representative households decides how to allocate its consumption expenditures among
the different varieties of goods, indexed by i ∈ [0, 1]. The consumption index is represented by a
standard CES function:
Cs,t

θ
 1
 θ−1
Z
θ−1
θ
=  Ci,s,t
di
,

0
3

See also Smets and Trabandt (2018).
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(13)

with θ > 1. The household maximizes (13) subject to the budget constraint

R1
0

P (i) C (i)s,t di = Zs,t ,

where Zs,t is total expenditure for goods. This leads to the familiar constant elasticity demand function
for good type i:

Ci,s,t =
where

Pi,t
Pt

−θ

Zs,t
=
Pt



Pi,t
Pt

−θ
Cs,t ,

(14)

1
 1
 1−θ
Z
1−θ 
.
Pt =  Pi,t
di

(15)

0

3.2

Firms

The problem of firms is independent of households’ preferences. There is a continuum of firms indexed
by i ∈ [0, 1], each producing a differentiated good. All firms operate under monopolistic competition
and use the same technology represented by a Cobb-Douglas production function with aggregate labor
as unique factor of production, so we have that Yi,t = Lσi,t where Yi,t and Li,t are the output and the
amount of labor employed by firm i. Firms face the same demand schedule and take Pt , Wt and Yt as
given.
Prices are sticky à la Calvo (1983), so that each firm may reset its price only with a probability
1 − α in any given period. With probability α it keeps its price unchanged. The optimization problem
of a firm i that adjusts its price Pi,n in period n is then:

max En
Pi,n

∞
X

αt−n ∆n,t

t=n

Pi,n Yi,t − Wt Li,t
Pt

(16)

subject to the demand schedule

Yi,t =

Pi,t
Pt

−θ
Yt ,

(17)

where the discount factor ∆n,t is given by
∆n,t ≡ (1 + rn )−1 (1 + rn+1 )−1 ... (1 + rt−1 )−1 ,

∆n,n ≡ 1.

(18)

If we define Pn∗ as the new price set in period n by firm i, solving the optimization problem yields
the following result:

Pn∗ = En 

θ 1
θ−1σ

P∞

αt−n ∆

1
σ

θ
−1
σ

n,t Wt Yt Pt
t−n
∆n,t Yt Ptθ−1
t=n α

t=n
P
∞

9




1
θ −θ
1+ σ

.

(19)

This expression says that the new price depends on current and expected future values of aggregate
output, the general price level and the wage level. All firms resetting their prices in period n will
choose the same new price.

3.3

Government

The government’s budget constraint in nominal terms is:


N
N
Pt (Gt − Tt ) + it−1 Bt−1
= BtN − Bt−1
,

(20)

where Gt is public spending. In real terms we obtain:

Gt − Tt = Bt − (1 + rt−1 )Bt−1 ,

(21)

where we defined Bt = BtN /Pt . Then, in line with Ascari and Rankin (2013), we express the government budget constraint in terms of the real government debt inclusive of interest payments,4 which
we denote as Bt0 = (1 + rt )Bt :
0
Gt − Tt = (1 + rt )−1 Bt0 − Bt−1
.

(22)

Clearly only two of the three policy instrument can be chosen independently. In what follows we will
consider exogenous fiscal shocks to government debt, thus leaving lump-sum tax Tt to be determined
implicitly by (22) as residual.
The central bank follows a Taylor rule if the nominal interest rates is positive. Otherwise it is
constrained by the zero lower bound. We specify monetary policy more in detail in the next section.

3.3.1

Market clearing

Equilibrium in the goods market simply requires that:

Yt = Ct + Gt .

(23)

Government debt should therefore be thought of as indexed debt. More precisely, Bt0 is the number of real treasury
bills issued, i.e. it is a promise to deliver Bt0 units of the composite consumption good to the holders of the bonds at the
start of period t + 1.
4
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4

Analytical investigation of debt multipliers

In this section, we present the reduced form solution and we explain the solution method to derive
the multipliers for government debt. First, we derive the multipliers in a positive interest rates
environment, where the monetary authority follows a Taylor rule. Second, we present the multipliers
in a zero interest rates context.

4.1
4.1.1

Model solution
Benchmark case

We derive a simplified version of the model after log linearizing the model so that a generic variable
5
t
Xt can be approximated by xt = XtX−X ' log X
X .
Et yt+1 = β(1 + r̄)yt + β(1 + r̄) (it − Et πt+1 ) + Et gt+1 − β(1 + r̄)gt

(24)

− β(1 + r̄)rte − [β(1 + r̄) − 1] b0t + [β (1 + r̄) − 1] Et δ̂t+1 ,
πt = (1 + r̄)−1 Et πt+1 + κ [yt − (1 − L) σgt ] ,

(25)

it = max(0, rte + φπ πt + φy yt ),

(26)

δ̂t = qβ δ̂t+1 − qβ [rte − log (1 + r̄)] ,

(27)

where we define rte = log (1 + r̄) − ∆ξˆt+1 , following Eggertsson (2011), and

h
i
θ −1 1 1
−1
−1
κ = (1 − α) α − (1 + r̄)
1−θ+
.
σ
1−Lσ
Moreover, r̄ is the steady state value of the real interest rate, which is derived endogenously and
corresponds to:
r̄ =

q
− 1.
βq − (1 − q) (1 − βq) YB

(28)

This expression states that the steady state real interest rate, and consequently the equilibrium solution, depends on the probability of surviving and on the steady state debt to output ratio. (28)
implies that a larger steady state debt-to-GDP level causes a higher level of the steady state real
interest rate, which is consistent with the empirical evidence showed in Section 2. The reason is the
following. Agents are born with zero financial wealth, so they must accumulate it during their lifetime.
Note that gt = GtY−G = GYt as the steady state of Gt is assumed to be zero. We also define it = log (1 + it ), so that
it is not in log-deviations. Where a lower case letter does not exist we use the symbol “b” to indicate log deviations.
5
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In each period, thus, aggregate wealth drags on consumption growth in the aggregate Euler equation
(10) in the Blanchard (1985) OLG framework, because the agents that die in each period consume
more that the one that are born (some works in the literature refer to this effect as “generational
turnover effect”). This has two important implications. First, the real interest rate, that keeps aggregate consumption in steady state constant, is larger than the one that would keep the individual
consumption constant in steady state. According to (4), the latter is the same as in the ILRA model
and equal to (1/β − 1). Hence, differently from ILRA models, the following holds:

β (1 + r̄) > 1.

(29)

Given (4), condition (29) implies that agents save and accumulate wealth during their lifetime, exactly
because the real interest rate is larger than the subjective discount rate.
Second, the steady state real interest rate, r̄, depends on financial wealth, i.e., on the supply
of assets in the economy. The larger the amount of assets, the stronger the generational turnover
effects and the larger should be the real interest rate to keep aggregate consumption constant. In
simpler words, the supply and demand of assets determine the steady state real interest rate in this
OLG framework, so that the larger the supply of assets in the economy the higher should be the real
interest rate to make agents willing to hold that amount of assets.
This relationship has important implications for the model solution and we will come back to it in
what follows. For the moment, it is important to stress that the steady state value of the debt affects
the steady state real interest rate, and hence it affects the dynamics of the economy and, as we will
show, the multipliers.
We consider temporary shocks. In computing the fiscal multipliers, we follow the same approach
in Eggertsson (2011) to which thus our results are immediately comparable. To do so, we make the
following assumptions. We define the long-run as the time at which the shock rte is at steady state.
The short-run is the period in which the economy is subject to temporary disturbances and it is
defined by rte = rSe . This shock reverts back to steady state with probability (1 − µ). A negative
realization of rte implies that households want to save more so that the real interest rate must decline
to keep output constant. In general it can be interpreted as any exogenous reason for a decline in
spending. Eggertsson (2011) suggests it can be thought for example as an exogenous increase in the
probability of default by borrowers, which characterizes a banking crisis. As in Eggertsson (2011), we
assume that fiscal policy is perfectly correlated with the shock, that is, we consider government debt
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increases/decreases which are a direct reaction to the shock, such that b0t = b0S in the short run and
b0t = 0 in the long run (meaning that in the long-run Bt0 is back to the steady state).6 Here we also
implicitly assume that, for a given change in government debt, government spending remains constant
at its steady state and all the adjustment occurs through a change in taxation.
Expectations about a generic variable X̂t (in deviation from its steady state) are formed as follows:
S
S
+ (1 − µ) 0 = µEtS X̂t+1
,
Et X̂t+1 = µEtS X̂t+1

(30)

where S stands for “short run”. When the system is back to the steady state the variable is equal
to its steady state value, so that the deviation from the steady state is zero. This applies to all the
variables in the model.
The model can be solved through standard methods, such as the method of undetermined coefficients. The solution of the model enables to determine an algebraic expression for the multipliers of
government spending and debt.

4.2

Positive interest rates

In this paragraph we analyze a debt increase when interest rates are positive. In this case, a standard
Taylor rule describes monetary policy: a negative realization of the shock rte prompts the reaction
of the central bank that cuts nominal rates to counteract the fall in output and inflation. However,
nominal rates remain positive as the shock rte is too small to activate the ZLB constraint.
We assume that government spending remains constant at its steady state. In the short run taxes
will adjust (decrease) in order to meet the government budget constraint, implying a positive (higher
than the steady state) level of debt. Given the way expectations are formed, when the shock is switched
off, it is implicitly assumed that debt has to go back to its initial steady state level. Otherwise, the
steady state will be different from the initial one, and that is not consistent with (30). Again the
adjustment occurs through an increase in taxation. The government debt multiplier is:


[β(1 + r̄) − 1] 1 − (1 + r̄)−1 µ
.
BM =
[β(1 + r̄) (1 + φy ) − µ] [1 − (1 + r̄)−1 µ] + β(1 + r̄)κ (φπ − µ)

(31)

Note that, given that 0 < µ < 1 and β(1 + r̄) > 1, the effect of an increase in government debt
is always positive if φπ − µ, which is likely to occur in standard models where the Taylor principle
6
Note that the long run solution implies that πt , Yt , δt and it remain at their steady state so that they are zero in
log-deviations.
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(φπ > 1) holds. In the case of a tax reduction, the increase in debt shifts out aggregate demand,
stimulating production. Private consumption actually increases because in an OLG framework agents
will experience a positive wealth effect, as they could be dead when taxes will adjusts upwards. The
rise in consumption thus implies a higher demand and, in turn, higher output, because of nominal
rigidities. Labor demand shits upwards, because those firms which cannot adjust prices due to nominal
rigidities produce more to cope with the increase in demand. While the positive wealth effect stimulates
household consumption, it also reduces labour supply. Despite the shift in labor supply, the net effect
is however positive for output. Note that in case of ILRA, private consumption will instead not
respond because Ricardian equivalence holds. Indeed, the solid blue line in Figure 3 shows that the
debt multiplier depends on the probability of surviving q and it is equal zero when q = 1 (calibration
as described in Table 2).
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Debt Multiplier, Log-log

1.5

Debt Multiplier, GHH

Normal times
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0.08

Normal times
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1
0.06
0.04
0.5
0.02
0
0.9

0.95

0
0.9

1

q

0.95

1

q

Figure 3: The debt multiplier for different values of the probability of survival.
Notes: Analytic multipliers for the baseline calibration, see Table 2.

However, the multiplier is lower than one, that is, the effect of debt on output is less than proportional, since µ < 1 and φπ − µ > 0. Moreover, the multiplier is lower when the responses of
monetary policy to both output (φy ) and inflation (φπ ) are stronger. This is very intuitive, because
the increase in debt will cause, ceteris paribus, an increase both in output and inflation, and then the
more monetary policy responds to them, the lower will be the debt multiplier. The monetary policy
response following a Taylor rule is partially crowding out the expansionary effects of an increase in
debt, and the more so the more hawkish is monetary policy.
Last, but not least, the debt multiplier depends on r̄, and hence it depends on the value of debt.
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This is a very important result that has been neglected in the literature, while it arises naturally in
an OLG framework, and it holds for any fiscal multiplier, not only the debt one. The solid blue line
in Figure 4 shows that the debt multiplier increases with the level of debt. The coefficient on b0t on
the RHS of (24), which derives from (10), is an increasing function of r̄, so that the effect of a change
in b0t increases with the level of debt-to-gdp ratio. The intuition of this channel comes form the fact
that in an OLG framework agents are saving during their lifetimes. Indeed, this coefficient in (24) is
positive exactly because condition (29) holds, as explained earlier. A temporary increase in the level
of debt determines a temporary increase in the real interest rate. According to (4), agents are saving
because the steady state real interest rate is larger then the subjective discount rate. However, a given
marginal increase in the real interest rate would determine a lower response of savings (and a higher
response of current consumption), the higher the starting (steady state) level of real interest rate,
because the marginal utility is decreasing. In other words, the higher the steady real interest rate,
the higher the rate of growth of individual consumption and hence the distance between the marginal
utility between two consecutive periods. Hence, for a given temporary change in the real interest rate,
agents will allocate the positive wealth effect due to an increase in the debt level relatively more to
current consumption than to savings.
The multiplier of government debt is zero for the ILRA model under positive interest rates. In
fact, in this case, (1 + r̄ = β), Ricardian equivalence holds and government debt plays no role in
stimulating demand.

Debt Multiplier, Log-log

0.02

Debt Multiplier, GHH

0.3

Normal times
ZLB

Normal times
ZLB

0.25

0.015
0.2
0.01

0.15
0.1

0.005
0.05
0

0
0

50

100

150

200

0

Debt to GDP

50

100

150

Debt to GDP

Figure 4: The debt multiplier for different values of the debt-to-GDP ratio.
Notes: Analytic multipliers for the baseline calibration.
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4.2.1

GHH preferences

We do the same exercise with the model characterized by GHH preferences. Equations (24) and (25)
become:
1
1
β(1 + r̄GHH )
Et yt+1 = β(1 + r̄GHH ) yt +
(it − Et πt+1 )
θ
θ
ζ
[β(1 + r̄GHH ) − 1] 0
+ Et gt+1 − β(1 + r̄GHH )gt −
bt
ζ
β(1 + r̄GHH ) e [β(1 + r̄GHH ) − 1]
−
rt +
Et δ̂t+1 ,
ζ
ζ
πt = (1 + r̄)−1 Et πt+1 + κGHH yt ,


where κGHH = (1 − α) α−1 − (1 + r̄)−1 (1 − θ + θ/σ)−1

(32)

(33)

ε
σ


− 1 and ζ =

1
1−σ/ε(1−1/θ)

> 1. The

relation between the steady state real interest rate and the debt-to-GDP ratio changes and it is now
equal to:

r̄GHH

1
=
β

"

q [εθ − σ (θ − 1)]
q [εθ − σ (θ − 1)] − εθ (1 − q) (1/β − q) YB

#
− 1,

(34)

while the multiplier for debt becomes:

1 − (1 + r̄GHH )−1 µ [β(1 + r̄GHH ) − 1]
h


i
.
β(1 + r̄GHH ) 1 + ζθ φy − µ [1 − (1 + r̄GHH )−1 µ] + β(1 + r̄GHH )κGHH (φπ − µ)
(35)


BMGHH =

ζ
θ

Also in this case, we can prove numerically that the size of the multiplier is lower than one for sensible
calibrations of the parameters.
Figure 4 shows that the multiplier under GHH preferences is higher than under the benchmark
log-utility preferences under our benchmark calibration in Table 2. This is due to complementarity
between hours and consumption, which is highest under GHH preferences, as there is no wealth effect.
Under benchmark preferences, the wealth effect due to the increase in the debt induces households
to consume more and work less: the labor supply curve shifts inwards, and therefore mitigates the
effects of the fiscal expansion. If households have GHH preferences, the wealth effect on labor supply is
absent, thus the labor supply schedule is unaffected, leading to larger increases in hours, consumption
and output.7
7

This mechanism is described in detail in Monacelli and Perotti (2008) for changes in government spending in a model
with positive interest rates. Christiano et al. (2011) also find this result.
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4.3

Zero interest rates

We now turn the attention to the case where the zero lower bound constraint is binding. This occurs
for big enough realizations of the shock rte , precisely when rte < − (φπ πt + φy yt ), which implies:

it = 0.

(36)

We make the same fiscal experiments presented under positive interest rates. For the benchmark
model, the multiplier of government debt is modified as follows:

BM

ZLB



[β(1 + r̄) − 1] 1 − (1 + r̄)−1 µ
=
[β(1 + r̄) − µ] [1 − (1 + r̄)−1 µ] − β(1 + r̄)κµ

(37)

The multiplier is positive if:


[β(1 + r̄) − µ] 1 − (1 + r̄)−1 µ − β(1 + r̄)κµ > 0

Note that this condition crucially depends on the persistence of the shock µ.
Under GHH preferences, we get the following zero lower bound multiplier:

ZLB
BMGHH

=


1 − (1 + r̄GHH )−1 µ [β(1 + r̄GHH ) − 1]

[1 − (1 + r̄GHH )−1 µ] [β(1 + r̄GHH ) − µ] ζθ − µβ(1 + r̄GHH )κGHH

(38)

The literature robustly finds that fiscal multipliers are higher under the ZLB than under positive
interest rates. Our results make no exception, because this also holds for the debt multipliers in
the OLG context for both specifications of preferences. While Figure 4 shows it numerically for our
benchmark calibration, it is easy to show it analytically. Under benchmark preferences, the condition
for the debt multiplier to be higher under the ZLB than when nominal rates are positive is:


[β(1 + r̄) (1 + φy ) − µ] 1 − (1 + r̄)−1 µ + β(1 + r̄)κ (φπ − µ)


> [β(1 + r̄) − µ] 1 − (1 + r̄)−1 µ − β(1 + r̄)κµ,

(39)

which always holds as φy > 0 and φπ > µ. Similarly, with GHH preferences the corresponding
condition is:


ζ
1 − (1 + r̄GHH )−1 µ [β(1 + r̄GHH ) − µ] − µβ(1 + r̄GHH )κGHH



 θ


ζ
θ
<
β(1 + r̄GHH ) 1 + φy − µ 1 − (1 + r̄GHH )−1 µ + β(1 + r̄GHH )κGHH (φπ − µ) ,
θ
ζ
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(40)

which is always satisfied as φy > 0, θ, ζ > 1 and φπ > µ.
Intuitively, monetary policy is not reacting to inflation under the ZLB, so that there is no partial
crowding out of the initial increase in aggregate demand. As shown in Eggertsson (2011), when nominal
interest rates are zero the AD curve shifts from downward sloping, as it is standard in macroeconomic
textbooks, to upward sloping, because the central bank does not offset inflationary pressures with
interest rates hikes. In this case, a higher inflation means a lower real interest rate, thus implying
higher demand. This is the reason why fiscal multipliers are bigger under the ZLB constraint.

4.4

Determinacy properties and the multipliers

The determinacy properties of the equilibrium for both models considered is crucially dependent on
parameter µ, i.e. on the probability of remaining out of the steady state after the shock. In general,
the determinacy conditions, under both positive and zero interest rates and under both types of
preferences, correspond to the conditions for the multipliers to be positive. It is important to note
that, for both types of preferences under positive interest rates, the determinacy conditions are always
satisfied if the Taylor principle holds. These conditions for the benchmark model and GHH preferences
are respectively:

µ2 + β(1 + r̄)2 (1 + φy + κφπ ) − (1 + r̄) [β (1 + φy + κ(1 + r̄)) + 1] µ > 0,
β(1 + r̄GHH )2 θ
µ +
ζ
2



ζ
+ φy + κφπ
θ




− (1 + r̄GHH )

(41)




βθ ζ
+ φy + (1 + r̄GHH )κGHH + 1 µ > 0.
ζ θ
(42)

After some algebra, it can be shown that the denominators of BM and BMGHH are positive if
conditions (41) and (42) are verified, respectively. And, given that the numerators of BM and BMGHH
are always positive, this corresponds also to have positive multipliers for debt, thus implying that a
debt increase leads to an output increase (and vice versa).
Interestingly, under zero interest rates, the determinacy conditions correspond again to the conditions for the multipliers to be positive, but in this case they are not satisfied for all values of µ. The
determinacy conditions in this case for the benchmark model and GHH preferences are respectively:

µ2 − (1 + r̄) {β [1 + κ(1 + r̄)] + 1} µ + β(1 + r̄)2 > 0

2

µ − (1 + r̄GHH )






βθ ζ
+ (1 + r̄GHH )κGHH + 1 µ + β(1 + r̄GHH )2 > 0.
ζ θ
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(43)

(44)

Given a standard calibration (see Table 2), under the benchmark model, the condition of determinacy
is satisfied if µ 6 0.71. For these values of µ the positive relationship between the fiscal variables
and output is confirmed. This condition on µ is even tighter under GHH preferences: for the same
calibration, in this case µ should be 6 0.51 for the system to be determined. Again, this condition
also establishes that the multipliers are positive.

4.5

Government Spending multipliers

Despite not being the main focus of the paper, we briefly report here the government spending multipliers. These multipliers regard a change in government spending at balance budget, that is, coupled
with an one-off change in taxation and holding the public debt constant. For the benchmark case, the
government spending multiplier is:


[β(1 + r̄) − µ] 1 − (1 + r̄)−1 µ + β(1 + r̄)κ (1 − L) σ (φπ − µ)
.
GSM =
[β(1 + r̄) (1 + φy ) − µ] [1 − (1 + r̄)−1 µ] + β(1 + r̄)κ (φπ − µ)

(45)

The numerator in this expression is higher than the one in (31), so that the multiplier of spending
is higher than the one of debt. This result is in line with recent literature on fiscal multipliers for
spending and taxes (e.g., Eggertsson, 2011; Devereux, 2011; Christiano et al., 2011). However, these
are very different fiscal policy measures so the comparison is not really meaningful. In the case
of government spending the wealth effect is negative because agents will have to pay higher taxes.8
Private consumption will contract, but less than the increase in government spending, so that aggregate
demand increases. The presence of price rigidities implies also a shift in the labor demand because
some firms will not be able to adjust prices and thus need to increase production to meet the higher
demand (see Monacelli and Perotti, 2008). Moreover, the negative wealth effect leads to an increase
in labour supply.
In the GHH case, the government spending multiplier is:

GSMGHH =

ζ
θ



1 − (1 + r̄GHH )−1 µ [β(1 + r̄GHH ) − µ] ζ
h


i
β(1 + r̄GHH ) 1 + ζθ φy − µ [1 − (1 + r̄GHH )−1 µ] + β(1 + r̄GHH )κGHH (φπ − µ) ,
(46)

which is larger than the debt multiplier, as ζ > 1 and µ < 1.
8

We calculate the multiplier using the system (24)-(27), so that means that taxes adjust endogenously to the change
in government spending to keep b0 constant. Hence, there is no effect coming from postponement of taxes and failure of
Ricardian equivalence. In this respect the multiplier should be the same as in an ILRA model. However, the multiplier is
larger in our OLG framework than in an ILRA one, because the gross real interest rate is higher than 1/β, as explained
in Section 4.1.1.
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Regarding the ZLB, in accordance with the literature, our framework yields larger government
spending multiplier under the ZLB than under positive interest rates for both specification of preferences. These are equal to for the benchmark case and the GHH case, respectively:

GSM

ZLB
GSMGHH

ZLB

=



[β(1 + r̄) − µ] 1 − (1 + r̄)−1 µ − β(1 + r̄)k (1 − L) σµ
=
[β(1 + r̄) − µ] [1 − (1 + r̄)−1 µ] − β(1 + r̄)kµ



1 − (1 + r̄GHH )−1 µ [β(1 + r̄GHH ) − µ] ζ
ζ
θ

[1 − (1 + r̄GHH )−1 µ] [β(1 + r̄GHH ) − µ] − µβ(1 + r̄GHH )κGHH

(47)

(48)

Finally, we can prove analytically that the multiplier of debt is lower than the multiplier of spending
for the GHH preferences model (as µ < 1 and ζ > 1), while for the benchmark model, this holds
numerically for the standard calibration.

5

The size of the fiscal multipliers and the cost of fiscal consolidation

In the previous section, we provided analytical results on debt (and government spending) multipliers
in our OLG framework. In this section we numerically simulate the model, both under positive
interest rates and at the ZLB. The aim is twofold. First, we want to quantify the size of the multiplier
associated to a fiscal plan in which the initial tax decrease is followed by a subsequent adjustment
in taxes that brings debt back to its original level. Second, we want to shed light on the effects of
this type of fiscal intervention during a deflationary crisis, with focus on the role of the starting level
of debt. Moreover, Lindé and Trabandt (2018) show that the multiplier of the non-linear solution
suggests a much smaller multiplier than the linear solution of the same DSGE model, especially in
long-lasting liquidity traps, where non-linearity matters most. Hence, to check that our analytical
results in the linearized model still hold qualitatively in the non-linear case, we simulate our OLG
model in its original non-linear form.
The calibration of the structural parameters is reported in Table 2. We adopt standard quarterly
values, following the recent literature in this field. To pin down the labor disutility parameter η, we
assume that people spend at work roughly one third of their time endowment, so that hours worked
are set to 0.3 at steady state. This calibration assures that the non-stochastic steady state level of
output is unique and independent of the debt size. The elasticity of substitution between goods is
10, corresponding to a 11% mark up over marginal costs. We assume constant returns to scale, i.e. σ
equal to 1. The Calvo probability α of keeping prices fixed is set to 0.75, implying an average duration
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Figure 5: The steady state real interest rate for different values of the debt-to-GDP ratio.

of prices of one year. For monetary policy, we assume a zero inflation target and set φπ = 2 so that
the Taylor principle holds. The response of nominal interest rates to output φy is set to 0.125.
The debt-to-GDP ratio plays a key role in our analysis, as it affects the size of the multipliers. We
pay particular attention to the relationship between the debt level and the steady state real interest
rate. Equation (28) describes this relationship in the model, and Figure 2 describes it in the data.
Hence, we choose the values of the survival probability and of the subjective discount factor so that
equation (28) closely matches the empirical relationship in Figure 2, for our benchmark case with loglog utility. Figure 5 shows the resulting solid blue line, that essentially overlaps with the regression
line in Figure 2.9 As a result, β = 0.9967, and q = 0.9741. The latter implies about ten-years
horizon for households in their planning decisions. Note that this value is considerably higher than
the one usually assumed in the OLG literature.10 We are hence very conservative in our choice of q,
pushing the model towards the ILRA case and the delivering of small debt multiplier. We will briefly
investigate how multipliers change with q below. We initially set the debt-to-GDP ratio to 60% on
an annual basis (i.e., 2.4 on a quarterly basis) in line with the reference value for the euro area. In
Section 5.1 we will discuss the implications of a higher debt burden.
The simulation exercise is very similar to the one we studied in the analytical part of the paper
and is based on two main elements: a preference shock that mimics an economic downturn and a fiscal
9

We fix the values of q and β such that (28) passes for two points of the regression line in Figure 2, equal to 60% and
100% of debt-to-GDP level respectively. Note that the relationship between r̄ and B/Y in (28) is not a straight line,
but it is almost so for the considered values of q, r̄ and B/Y .
10
Sgherri and Bayoumi (2006) estimate values for q between 0.8 and 0.88. Castelnuovo and Nisticò (2010) estimated it
to be between 0.82 and 0.92, with a posterior mode of 0.87. These values are below the value of 0.9741 we are considering
here and more generally way below what is generally assumed in models where q is calibrated according to demographics.
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Table 2. Parameters calibration
Parameter

Value

Description

q
β
θ
ε
α
σ
φπ
φy
B/Y

0.9741
0.9967
10
2
0.75
1
2
0.125
2.4

Survival probability
Intertemporal discount factor
Elasticity of substitution between goods
Inverse of labor supply elasticity (GHH preferences only)
Calvo price stickiness
Output elasticity of labor
Taylor rule reaction to inflation
Taylor rule reaction to output
Debt-to-GDP ratio (same as 60% in annualized terms)

stimulus given by a temporary tax cut. More precisely, we start from the steady state and assume
that a persistent shock to the intertemporal discount factor (ξt+1 /ξt ) hits the economy and brings it
in a recession that lasts for two years (i.e., 8 periods in our quarterly calibration). The government
responds immediately to the adverse shock with a one-period tax cut that raises the level of debt.
We consider two different alternatives for the subsequent fiscal readjustment: in the first one, debt is
maintained constant at the new plateau throughout the recession, until a tax hike in period 9 restores
the initial debt level; in the second, debt starts decreasing in period 2 and decays exponentially to
the original level. Note that in both cases the fiscal plan is assumed to be credible and perfectly
anticipated by private agents. In addition, by varying the size of the preference shock we are able
to reproduce both a mild recession scenario, in which interest rates remain above zero, and a severe
recession scenario, in which the ZLB is activated. For each choice of the parameters, we first simulate
the model with the preference shock only, and then we run a second simulation adding the debt shock.
By subtracting the time series generated with the two simulations, we are able to calculate both
the debt multipliers and the impulse responses after a debt shock.11 Finally, we consider both the
benchmark and the GHH specification for households’s preferences.
In Figure 6 we show the outcome of the simulations for the case in which the preference shock
is strong enough to bring the economy to the ZLB.12 Let us first consider the solid blue lines, which
correspond to the baseline simulation under log-log preferences. In period 1 an adverse preference
shock hits the economy and generates a severe recession: output falls by 4%, inflation also drops and
the central bank reacts by bringing the nominal rate to its zero limit. Note that the government avoids
any fiscal intervention and maintains real debt (plus interest) at its steady state level throughout the
11

We use Dynare version 4.5.6 (see Adjemian et al., 2011) to run deterministic simulations of the model, in which
perfect foresight is assumed.
12
We choose the size of the preference shock so that output falls on impact by 4%. A similar figure can be reproduced
for the situation where the economy enters a mild recession and remains above the ZLB.
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recession. To do so, taxes are adjusted upwards to meet the higher debt service costs brought about by
the increase in real rates. Finally, the debt-to-GDP ratio rises temporarily until output fully recovers.
The dashed blue lines incorporate the effect of a fiscal stimulus consisting in a temporary increase in
the debt, due to a pure postponement in tax payments. We report in the figure the case corresponding
to a constant-debt plan, in which the initial tax cut is coupled with a single tax hike at the end of
the recession. The fiscal plan induces a positive wealth effect on consumption, so that the effects of
the crisis on output and inflation are lower with respect to the baseline simulations. These effects are
however quite small. The red lines illustrate the outcome of the same simulations when we assume
GHH preferences. As discussed above, this specification of utility eliminates the disincentive to supply
labor when consumption increases, thus reinforcing the expansionary effect of the fiscal plan. This
can be easily seen in the figure, since output falls by less than 3%, so more than 1% less than in the
case without the temporary increase in the debt.
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Figure 6: Impulse responses to a preference shock with and without fiscal intervention.
Notes: Inflation and interest rates are expressed in annualized percentage points. Taxes are expressed as percentage of
quarterly output. Debt is expressed as percentage of annual output.

The actual size of the debt multipliers resulting from the simulations is reported in Table 3.13
13

Multipliers are computed as the ratio between the variation in output and the variation in debt (inclusive of interests,
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Table 3. Simulated debt multipliers for a temporary expansion in debt
Constant debt plan
Normal times
ZLB

AR(1) debt plan
Normal times
ZLB

q = 0.9741

BM
BMGHH

0.0005
0.0004

0.0171
0.1296

0.0005
0.0013

0.0179
0.1182

q = 0.96

BM
BMGHH

0.0013
0.0013

0.0392
0.3100

0.0012
0.0032

0.0409
0.2825

q = 0.99

BM
BMGHH

0.0001
0.0001

0.0030
0.0225

0.0001
0.0002

0.0031
0.0205

Notes: Multipliers are computed as the ratio between the impact variation of output (induced by
the fiscal shock only) and the impact variation of debt. The constant debt plan case corresponds
to a fiscal plan with a single tax adjustment in the first period after the end of the recession. The
AR(1) debt plan case corresponds to a fiscal plan with multiple tax adjustments such that the level
of debt declines as a AR(1) process with autocorrelation parameter equal to 0.9.

Under both types of preferences and both types of fiscal plans, debt multipliers are negligible in a
mild recession scenario, but they are of one or two orders of magnitude larger when a severe recession
hits the economy and monetary policy is constrained by the ZLB. In fact, the central bank would in
principle set even lower interest rates to contrast the adverse preference shock. Therefore, nominal
rates are not adjusted upwards when the government implements the stimulus plan. As explained
in Eggertsson (2011), in the ZLB the AD curve shifts from downward sloping, as it is standard in
macroeconomic textbooks, to upward sloping, because the central bank does not offset inflationary
pressures with interest rates hikes. In this case, a higher inflation means a lower real interest rate,
implying higher demand and, in turn, larger fiscal multipliers. Note that we assume that the fiscal
stimulus only alleviates the fall in output, as the tax cut is too small to bring the economy back into
the positive interest rates territory: the ZLB episode ends only when the preference shock eventually
disappears, as in Figure 6.14 In addition, as conjectured in Section 4.2, debt multipliers are decidedly
larger with GHH preferences, especially under the ZLB.
Table 3 also implicitly illustrates the cost of a fiscal contraction engineered through the opposite
policy, that is, through a temporary decrease in public debt caused by an initial tax hike followed by
a cut.15 The main message is that fiscal consolidation through a temporary decrease in government
as for b0 in Section 4.1.1). The difference between the paths of output in the baseline case from the paths of output in
the simulation that incorporates the fiscal plan gives the variation in output.
14
We also tried experimenting with larger fiscal shocks that push the economy out of the ZLB before the end of the
recession. In this case the size of multipliers is some average between the values for the ZLB and no ZLB cases reported
in Table 3. Results are available from the authors upon request.
15
Since the model is non-linear, the multipliers associated to a temporary fiscal contraction through a temporary
decrease in public debt differ from those reported in Table 3, that correspond to the effect of a temporary increase in
debt. Nonetheless, our simulations indicate that multipliers are only slightly affected, hence Table 3 is also valid for
describing the effect of a fiscal contraction.
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debt may not be too costly in terms of output losses. However, this is true only as long as there are no
wealth effects on labor supply and the ZLB is not binding. This consideration emphasizes once again
the perils of implementing a fiscal consolidation during a severe recession, when the central bank is
unable to mitigate the negative consequences on output and prices. A fiscal restriction has an opposite
effect on demand, and this effect will be amplified by the mechanism explained above. A restrictive
fiscal intervention has deflationary effects, and when interest rates are constrained at the zero level,
the central bank could not cut the interest rates to counteract deflation. Thus, the real interest rate
will be higher leading to even lower demand.

5.1

Debt multipliers and the level of debt

In the previous section, we discussed the size of debt multipliers implied by our model when the stock
of public debt amounts to 60% of GDP. A natural question is how previous findings change once we
consider a different level of debt, and, in particular, once we increase the steady state debt-to-GDP
ratio to match the values recently reached by most industrialized countries after the 2008 recession.
The analytic results of Sections 4.2-4.3 showed that the multipliers of the linearized version of the
model directly depend on the steady state real interest rate, both in normal times and during a ZLB
episode. In turn, the steady state real rate depends on the steady state debt-to-GDP ratio. Figure 5
plots the relations (28) and (34) using our baseline calibration which reproduces the empirical finding
in Figure 2. The implied increase in rates is pronounced: when the debt-to-GDP ratio passes from 60%
to 200%, the annualized steady state real rate rises from 2.11% to 3.91% with benchmark preferences.
The increase is even stronger with GHH preferences, ranging from 2.73% to 6.07%. As such, the level
of debt is potentially a key variable for the size of debt multipliers.
To further examine the relation between the debt multiplier and the level of debt, we run another
set of simulations in which the size of the preference shock is kept constant while we increase the debtto-GDP ratio. Results are reported in Figure 7, where we show impulse responses of the economy
after a constant debt plan implemented at the ZLB, with log-log preferences. The preference shock
is calibrated so that output contracts by 4% when the debt-to-GDP ratio is 60%. In this case the
nominal rate remains at the ZLB for the entire duration of the recession. In the bottom-right panel of
Figure 7, we show the ratio between the variation in debt and the steady state level of annual output,
which is the same for all the cases considered. For a 60% debt-to-GDP ratio, the figure implies a debt
multiplier of magnitude 0.0171 (as in Table 3), computed as the ratio between the impact variation
of output (0.1375%) and the impact variation in debt (8%, in quarterly terms).
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Figure 7: Impulse responses to a temporary increase in debt.
Notes: Impulse responses for output gap, inflation and debt/GDP represent the difference between the series generated
with both the preference shock and the fiscal plan and the series generated with the preference shock only. The fiscal
stimulus is given by a tax cut that raises the debt-to-GDP ratio by 2 percentage points in period 1, followed by a tax
hike in period 9 that brings debt to its steady state level. All variables are in percentage points. The nominal interest
rate and inflation are annualized. In the bottom-right panel, we show the ratio between the variation in debt and the
steady state level of annual output.

For a debt-to-GDP ratio of 120%, the economy still falls into the ZLB on impact, but nominal
rates can be lifted above zero just after four periods. The intuition is that when the level of debt is
higher, the steady state real rate is also higher. It follows that the central bank starts from a higher
nominal rate, for a given inflation target, and thus it has additional room to reduce rates and contrast
the adverse preference shock. Being out from the ZLB, monetary policy is able to partially offset the
positive demand shock represented by fiscal intervention, so that the responses of output and inflation
are largely muted if compared to the 60% debt-to-GDP scenario. When debt is equal to 150% of
GDP, the central bank can maintain interest rates above the zero limit and the expansionary effect of
the fiscal stimulus plan is even weaker. The implied debt multiplier is negligible. The main takeaway
here is that the steady state level of debt-to-GDP ratio could provide an alternative route to keep the
economy away from the ZLB. Some papers in the literature (e.g., Blanchard et al., 2010) suggested
to increase the inflation target to increase the steady state nominal rate (for a given steady state real
rate) in order to provide monetary policy with more room for manoeuvre in case of a deflationary
shock. This generated some debate in the literature (for a recent survey see Ascari and Sbordone,

26

2014). Here, we uncover an alternative route, based on the fact that in an OLG model (as well as in
the data) the steady state real rate is an increasing function of the debt-to-GDP ratio. Hence, a rise
in the debt-to-GDP ratio could provide monetary policy with more room for manoeuvre in case of a
deflationary shock, because it increases the steady state nominal rate, through a rise in the steady
state real rate (for a given steady state inflation target) .

6

Conclusions

This paper analyzes the debt multiplier, that is, it addresses the consequences on economic activity of a
temporary change in government debt in a simple OLG model, in which agents exhibit non-Ricardian
behavior. Variations in lump-sum taxes fully reversed in the future generate wealth effects that
influence the consumption and labor choices. One could consider the debt multiplier as a complement
to the fiscal multipliers so far appeared in the literature, mainly featuring an ILRA framework. The
debt multiplier would be the additional multiplier that one can get if any temporary fiscal policy
measure would be financed through a pure temporary increase in public debt (i.e., a postponement of
lump-sum taxes). We show that the debt multiplier is positive in an OLG framework. As for other
fiscal multipliers analyzed in the literature, the debt multiplier depends critically on the stance of
monetary policy and it is larger when interest rates are stuck at the zero bound and the subsequent
adjustment in taxes is delayed until the recession has ended. Moreover, the debt multiplier increases
with the level of debt-to-GDP ratio. Finally, we point out that, since the steady state real interest
rate is increasing with the steady state level of debt-to-GDP ratio, a rise in the debt-to-GDP ratio
could provide an alternative way to stay away from the ZLB.
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Lindé, J. and M. Trabandt (2018): “Should we use linearized models to calculate fiscal multipliers?” Forthcoming in the Journal of Applied Econometrics, DOI: 10.1002/jae.2641.
Monacelli, T. and R. Perotti (2008): “Fiscal Policy, Wealth Effects, and Markups,” NBER
Working Papers 14584, National Bureau of Economic Research, Inc.
Ramey, V. A. and S. Zubairy (2018): “Government Spending Multipliers in Good Times and in
Bad: Evidence from U.S. Historical Data,” Journal of Political Economy, 126, 850–901.
Sgherri, S. and T. Bayoumi (2006): “Mr. Ricardo’s Great Adventure; Estimating Fiscal Multipliers
in a Truly Intertemporal Model,” IMF Working Papers 06/168, International Monetary Fund.
Smets, F. and M. Trabandt (2018): “Government Debt, the Zero Lower Bound and Monetary
Policy,” Mimeo.
Woodford, M. (2011): “Simple Analytics of the Government Expenditure Multiplier,” American
Economic Journal: Macroeconomics, 3, 1–35.

29

