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1 Introduction

A number of recent papers have emphasized that government spending is likely to be

particularly e¤ective in stimulating output and private consumption when interest rate

is at the zero lower bound (ZLB). The logic can be captured in a representative agent

model with sticky prices and no capital, as in Christiano et al. (2011). There, the initial

shock that drives he economy to the ZLB is an increase in the discount factor, that in

turn increases the desire to save. With zero net savings, savings must fall. With �exible

prices, the real interest rate would fall to achieve this. But with sticky prices and the ZLB,

this is not possible, and output falls. An increase in government spending has a positive

output multiplier because of a standard wealth e¤ect on labor supply; but in addition, it

has a further kick at the ZLB with sticky prices, because by increasing aggregate demand

it increases the marginal cost and in�ation, and therefore it reduces the real interest rate,

thus tilting consumption and demand towards the present.

This logic holds in a heterogenous agent model of savers and (constrained) borrowers

such as the one of Eggertson and Krugman (2011) or Monacelli and Perotti (2011). For

instance, in Eggertson and Krugman (2011) the shock that forces the liquidity trap is a

decline in the debt limit of borrowers that induces them to deleverage. In that scenario,

government spending (so argue Eggertson and Krugman), is particularly useful when

private debt is in nominal terms, while the debt limit is speci�ed in real terms. With

sticky prices, the deleveraging shock causes de�ation and therefore an increase in the real

value of debt, which necessitates a further deleveraging, thus generating a classical "debt-

de�ation" spiral. Government spending can, allegedly, break this spiral by increasing

aggregate demand, generating in�ation, and reducing the real interest rate.

All the aforementioned papers focus on the government spending multiplier, and ab-

stract from the welfare e¤ects of �scal policy (in and out of the ZLB). In this paper we

show that government spending reduces the welfare of the representative agent in a sticky-

price economy with perfect credit markets and reduces the welfare of at least one type

of agent in a heterogenous agent economy with borrowing constraints. Despite the fact

that it can generate a positive consumption multiplier at the ZLB, government spending

on goods and services in these models is equivalent to a negative shock to the wealth of

whoever pays the taxes to �nance government spending.

A commonly held view is that the government spending multiplier is so large at the

ZLB that it might o¤set the welfare costs of higher taxation. We show that this is not
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the case. To understand this point, consider a standard representative-agent sticky price

economy (akin to the one of Christiano et al. 2011). If, at the ZLB, government spending

ought to produce a positive consumption multiplier (through a rise in expected in�ation

when the nominal rate is stuck at zero), this implies, simply from market clearing, that

labor hours will have to rise more than proportionally in order for the output multiplier to

exceed one. This "complementarity" between consumption and hours at the ZLB (which

is an equilibrium feature and not a result of preferences) reinforces the negative wealth

e¤ect on labor supply stemming from higher taxation. Hence not only is government

spending welfare detrimental at the ZLB, it is particularly so in a sticky price economy

relative to a �exible price economy.

More importantly, in a borrower-saver economy with imperfect credit markets, there

is an alternative �scal policy tool that is actually Pareto-improving in response to a shock

that drives the economy to the ZLB: a tax cut �nanced by government debt. We show

that an increase in government debt increases the welfare of both savers and borrowers.

Interestingly, this e¤ect is non-linear: beyond a certain point, an increase in government

debt reduces the welfare of borrowers. The reason is that, although government debt

allows them to borrow more, it increases the interest rate on their existing stock of debt.

Beyond a certain level, this e¤ect prevails. This positive e¤ect on the welfare of borrowers

is reinforced at the ZLB, because as long as the economy is at the ZLB the interest rate

does not increase (or increases little, in the sticky price version of the model). For the same

reasons, at the ZLB the welfare of savers increases less when government debt increases.1

The reason why a tax cut �nanced with government debt is superior to government

spending is that the latter is wasteful, why the former addresses the source of the prob-

lem: the deleveraging forced on borrowers. We show that a tax cut �nanced by debt

is equivalent to a transfer from savers to borrowers in period 1, followed by a transfer

from borrowers to savers in period 2 that repays the debt. Unlike government spending,

that reduces private wealth, this policy clearly does not alter the intertemporal budget

constraint of the two agents, and allows borrowers to shift consumption to period 1, thus

e¤ectively circumventing their limit on private debt.

1Correia, Fahri, Nicolini and Teles (2011) point out that one can achieve the �rst best allocation by
a suitable combination of consumption taxes, that generate consumption price in�ation and reduce the
consumption real interest rate, and of wage taxes and investment subsidies, that avoid producer price
in�ation. Mankiw and Weinzierl (2011) make a similar point in a simpler two-period model. Yet, it is not
clear that this policy would be Pareto improving in a non-representative agent model, because it would
hurt the savers by reducing the interest rate they perceive on their savings.
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It is frequently asserted that such a policy would be di¢ cult in practice, because it

requires to identify the two groups separately. This is not the case in our model. This

policy is in fact equivalent to cutting taxes to both types of agents by the same amount

in the �rst period, and increasing taxes by the same amount in the second period, again

to both agents. Government debt issued in period 1 is entirely purchased by the savers:

this is what allows for a transfer from savers to borrowers in period 1.

2 The model

Like in Eggertson and Krugman (2011) and Monacelli and Perotti (2011), consider an

economy with two types of agents, who di¤er only in the rate at which they discount the

future. The utility of type i is:

Ui = � logCi + (1� �) log(1�Ni) + �i [� logC
0
i + (1� �) log(1�N 0

i)] ; (1)

where a "0" denotes a period 2 variable. Based on their behavior in equilibrium, we denote

the impatient individuals as "borrowers" and the patient individuals as "savers". Hence:

�s > �b (2)

where the subscripts b and s denote the borrowers and savers, respectively.

The production function in the two periods is

Y = N; (3)

Y 0 = �N 0 � � 1;

where N is the total demand of labor, and parameter � denotes labor productivity in

period 2.

As in Mankiw and Weinzierl (2011), a lower productivity in period 2 is a simple

way of generating a negative natural real interest rate. In our setup the natural rate of

interest should be understood as the one that would prevail under �exible prices and in

the absence of other frictions. This is equivalent to the �exible-price real interest rate in

the unconstrained equilibrium, where the borrowing constraint is not binding.

Let Ti be lump-sum taxes on type i (lump-sum transfers if negative), Bi holdings of

government debt; and Ai holdings of privately-issued bonds: Then the budget constraint

for group i is

Ci = Ni � Ti � Ai �Bi; (4)
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C 0i = N 0
i � T 0i + (1 + r)Ai + (1 + r)Bi; (5)

where we have assumed that both private and government debt are uncontingent debt,

that carry the same interest rate r:

Market clearing implies Ab = �As. In general, in equilibrium Ab < 0; As > 0: As in

Eggertson and Krugman (2011), an individual cannot borrow more than an exogenous

amount D:2

Ai � �D (6)

The government budget constraint is

BTOT + Tb + Ts = G (7)

T 0b + T 0s = G0 + (1 + r)BTOT

where G is government spending on goods and services and BTOT is total government

debt: BTOT = Bs+ Bb.

3 Flexible prices

The static �rst order conditions in the two periods are:

�UN(Ni) = UC(Ci) (8)

�UN(N 0
i) = �UC(C

0

i) (9)

Combining these with the budget constraints (4) and (5), we obtain the equilibrium

levels of hours worked and consumption, for a given interest rate:

Ni = � + (1� �) (Ti + Ai +Bi) (10)

N 0
i = � +

1� �

�
[T 0i � (1 + r)Ai � (1 + r)Bi] (11)

and therefore

Ci =
�

1� �
(1�Ni) = � (1� Ti � Ai �Bi) (12)

C 0i = �
�

1� �
(1�N 0

i) = � [�� T 0i � (1 + r)Ai � (1 + r)Bi] (13)

2Although throughout this paper D is �xed, all our conclusions go through if the constraint takes the
form of a �xed share of the discounted period 2 income net of taxes: Di � ("Ni � Ti)=(1 + r).
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Aggregate labor supply reads (using also the government budget constraints 7):

N = 2� + (1� �)G; (14)

N 0 = 2� +
1� �

�
G0: (15)

Thus, an increase in government spending leads to an increase in aggregate hours worked,

through the usual negative income e¤ect of taxation. Note that aggregate labor sup-

ply, and therefore aggregate output and consumption, are independent of the holdings

of private and government debt Ai and Bi, and of the distribution of taxes Ti (across

individuals and over time), at given G and G0. That is, Ricardian equivalence (de�ned

as the irrelevance for aggregate consumption and labor supply of government debt and of

the timing of taxes, at a given level of government spending) does hold in this model;3

however, despite this neutrality result, government debt can have nontrivial e¤ects on

welfare, as we show below.

In what follows, we de�ne as Db and Ds the supply and demand of private bonds by

borrowers and savers, respectively, i.e.,:

Db � �Ab; Ds � As: (16)

The Euler equations for savers and borrowers, respectively, read:

1

Cs
= �s (1 + r)

1

C 0s
; (17)

1

Cb
= �b (1 + r)

1

C 0b
+  and  

�
Db �D

�
= 0: (18)

By imposing the credit market equilibrium condition

Db = Ds � D;

and combining (10), (11),(12) and (13), we obtain the following expressions for the demand

of private bonds by savers:

Ds = �
�� T 0s

(1 + �s) (1 + r)
+
�s (1� Ts)

1 + �s
�Bs: (19)

3This holds only for the Cobb-Douglas utility function we assumed. A more general utility function
does imply failure of Ricardian equivalence�but the implications for the aggregate responses of con-
sumption and hours worked are, under �exible prices, counterintuitive, and depend on the steady-state
distribution of wealth. We explore this issues in Bilbiie, Monacelli and Perotti (2012).
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The supply of private bonds by borrowers, when the borrowing constraint is not binding

( = 0 and Db < D), reads instead:

Db =
�� T 0b

(1 + �b) (1 + r)
� �b (1� Tb)

1 + �b
(20)

Equations (19) and (20) tell us the desired private lending and borrowing by savers and

borrowers, respectively. It is immediate to verify that:

@(1 + r)

@Ds

> 0 ;
@(1 + r)

@Db

< 0. (21)

Thus, the supply of private bonds by borrowers is downward sloping, and the demand by

savers is upward sloping. Notice that an equilibrium in the credit markets exists if and

only if �s > �b, which coincides with assumption (2).

Equations (19) and (20) are represented graphically in Figure 1. Depending on how

tight is the debt limit D, the equilibrium can be either at point E or point A. When the

debt limit is to the left (right) of point A, the borrowing constraint is (not) binding.

In what follows, we will distinguish between the unconstrained and the constrained

equilibrium real interest rate. The former is given by the intersection of the Ds and Db

curves at point E, whereas the latter is given by the value of 1 + r determined on the Ds

schedule when Ds = D (and  > 0); i.e., by the value of the interest rate that is consistent

with savers buying exactly the amount D of private debt (point A in the �gure). When

prices are �exible, we can think of the unconstrained real interest rate as the "natural"

real interest rate.

Combining (19) and (20) when  = 0, the unconstrained real interest rate under

�exible prices is

1 + r =

��T 0b
1+�b

+ ��T 0s
1+�s

�b(1�Tb)
1+�b

+ �s(1�Ts)
1+�s

�BTOT
� 1 + r� (22)

while the constrained real interest rate under �exible prices is

1 + r =
�

�s � (1 + �s) �D
� 1 + r (23)

Notice that both the unconstrained and the constrained real interest rate can be negative

(r < 0) if in period 2 taxes are high or productivity is low. In both cases, savers are

willing to incur a negative real interest rate in order to transfer resources to period 2.
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Figure 1: Credit market equilibrium
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Notice also that the constrained real interest rate can be negative if the debt limit

falls below the threshold D < (�s � �)= (1 + �s). Since we focus on equilibria in which

the debt limit is positive (D > 0), for a fall in D to generate a negative real interest rate

we need the productivity level � to be below �s in the initial equilibrium.

4 The welfare e¤ects of a deleveraging shock under
�exible prices

We now study the e¤ects of a "deleveraging shock", as in Eggertsson and Krugman (2011).

More speci�cally, we assume that the economy is initially in a constrained equilibrium,

with D = D; and analyze the comparative statics properties of an exogenous decline in

D: We start with the case where all �scal policy instruments are zero, and then explore

the e¤ects of alternative �scal policies. In particular, here we limit the attention to a fall

in D such that the constrained real interest rate remains positive.

Initially, we consider the case of fully �exible prices; later we extend our analysis to

the case of �xed prices, and then of sticky prices. While most of the literature focuses on

the e¤ects of these policies on the output and consumption multipliers, we concentrate

on their e¤ects on the welfare of the two types.

The e¤ects of a decline in D are displayed in Figure 2. As fewer bonds can be issued

by borrowers, savers are willing to accept a lower real interest rate: the real interest

rate declines along the Ds curve. Equivalently, and starting from an initial constrained

equilibrium, the fall in D generates an excess demand of private bonds by savers. This

requires the price of bonds to raise (the real interest rate to decline) in order to restore

the equilibrium.

Notice that the fall in the real interest rate immediately suggests that the welfare of

savers declines. The e¤ects on the welfare of borrowers are more complex. On the one

hand, the borrowing constraint is tightened; this reduces the welfare of borrowers by an

amount that is inversely related to the outstanding private debt D. Intuitively, at the

margin, a given decline in D is less damaging to borrowers if they are already borrowing

a lot. On the other hand, the real interest rate falls; this reduces interest payments and

increases the welfare of borrowers, by an amount that is directly related to the outstanding

private debt D:

Therefore, a decline in the debt limit worsens the welfare of borrowers if D is less than
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Figure 2: E¤ect of a fall in the borrowing limit D.
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a certain threshold �D�; while it improves the welfare of borrowers if D is greater than �D�.

The precise expression for �D� is not particularly informative, but it is easy to show that

it is below the unconstrained equilibrium level of debt. In what follows, we will assume

that the debt limit is smaller than �D�:

More formally, in Appendix A, we show that the e¤ect of a change in D on the indirect

utility function of an agent of type i can be written as:

@Ui

@D
=
1

�

�
@Ui
@Ci

@Ci

@D
+
@Ui
@C 0i

@C 0i
@D

�
+
1

�

@Ui
@C 0i

@C 0i
@r

@r

@D
(24)

For savers the term in the �rst bracket is zero, from the envelope theorem. Furthermore,

at the constrained equilibrium @C 0s=@r = �D, so expression (24) reduces to

@Us

@D
= D

@Us
@C 0s

@r

@D
(25)

Since we are moving along the upward sloping Ds curve (19), when D falls the interest

rate falls. Therefore, a decline in D unambiguously reduces the welfare of savers.

For borrowers we have @C 0b=@r = ��D, which implies, using the Slater and comple-
mentary slackness conditions:

@Ub
@Cb

@Cb

@D
+
@Ub
@C 0b

@C 0b
@D

= � :

Replacing into (24) we obtain:

@Ub

@D
=  � �D

1

C 0b

@r

@D

The �rst term on the r.h.s. captures the e¤ects of the tightening of the constraint

when D falls; the second term captures the e¤ect of the decline in the interest rate. As

we discussed above, the �rst e¤ect prevails for D < �D�; the second e¤ect prevails for D >
�D�:

5 The welfare e¤ects of �scal policy with �exible
prices

What is the appropriate �scal policy response to the decline in D? We continue to assume

that D < �D� and consider two policies:
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1. A balanced budget increase in government spending in period 1, from 0 to G. Like in

much of the literature, we consider unproductive government spending on goods and

services, that does not bring any utility to the individuals. We allow for arbitrary

shares of taxation: Ts = !sG; Tb = !bG, with !s + !b = 1:

2. An increase in government debt in period 1, issued by cutting taxes on all individuals

by the amount T ; so that total government debt issued in period 1 is BTOT = 2T :

Then in period 2 lump sum taxes on each type increase by the amount T (1 + r); so

that the government can repay 2T (1 + r): In equilibrium, all the debt is purchased

by the savers.4

5.1 Government spending

Figure 3 displays the e¤ects of an increase in G, starting from the constrained equilibrium

depicted at point A. The e¤ects are straightforward consequences of the negative income

e¤ect of higher taxation in period 1 on individuals with di¤erent discount factors. The

Ds curve shifts left and upward: for a given interest rate, savers want to transfer less

resources to period 2, from a standard consumption smoothing argument; the Db curve

shifts right and upward because impatient individuals react to the loss of period 1 income

by borrowing more.

The new equilibrium is at point A
0
, where the new Ds curve crosses the unchanged

vertical portion of the Db curve, which corresponds to the borrowing limit D. In a

constrained equilibrium, the interest rate is read o¤ the Ds curve, hence r increases.

This suggests that the welfare of borrowers must decline: they are taxed more, and in

addition the real interest rate they pay increases. For the same reasons, the e¤ect on the

welfare of savers is ambiguous: they are taxed more, but they receive a higher interest

rate on their investment in private bonds. In any case, because the welfare of borrowers

always decreases, an increase in government spending is always Pareto-detrimental.

Formally, this can be shown as follows. First, note that since the increase in govern-

ment spending is balanced budget, BTOT = 0. The constrained equilibrium real interest

4In this model with lump sum taxes, the optimal amount of public debt is such that D + B is
consistent with the unconstrained real interest rate: government debt e¤ectively circumvents the private
debt limit and implements the Pareto-optimal unconstrained allocation. We do not model why in the
initial equilibrium government debt has not been set at this level, so that the private debt limit e¤ectively
binds. We just assume that government debt has not been issued in an amount su¢ cient to make the
private debt limit e¤ectively non-binding.
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Figure 3: E¤ect of government spending starting from a constrained equilibrium.

rate at G > 0 reads:

1 + r =
�

�s (1� !sG)� (1 + �s) �D
: (26)

Following the same method used to evaluate welfare in response to a decline in �D; we

have:
@Ub
@G

= �!b
@Ub
@Cb

� �D
@Ub
@C 0b

@r

@G
< 0;

Hence the welfare of borrowers declines because they are taxed (�rst term on the rhs)

and because the constrained equilibrium interest rate increases (second term). Notice

that the second channel is operating only when savers pay at least some of the taxes,

!s > 0, because only in this case does the Ds curve shift to the left, thereby producing,

in equilibrium, a rise in the real interest rate
�
@r
@G
6= 0

�
.

The change in the welfare of savers is:

@Us
@G

= �!s
@Us
@Cs

+ �D
@Us
@C 0s

@r

@G
:

As long as !s > 0; savers�welfare falls because of an income e¤ect (�rst e¤ect on the rhs),
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but increases due to the higher interest rate (second term). The latter e¤ect is directly

proportional to �D; hence the welfare of savers certainly falls at low values of �D:

5.2 Government debt

As we have seen, the second policy consists of cutting taxes on each type by T in period

1; this is �nanced by issuing government debt in the amount BTOT = 2T and B = T in

per capita terms, and by increasing taxes on each type by (1 + r)T in period 2:

Tb = Ts = �T ; T 0b = T 0s = T (1 + r); and B = T (27)

Clearly, all government debt will be purchased by savers.

Notice that an increase in B by T is equivalent to a balanced-budget increase in

transfers to the borrowers by T ; �nanced by a lump-sum tax on savers of T ; in period

2, taxes on borrowers increase by (1 + r)T and those on savers fall by the same amount.

Yet equivalently, the government issues debt T in period 1, and uses the proceeds to pay

a lump sum transfer to borrowers in period 1 of T ; then it repays (1 + r)T to the savers

in period 2, by taxing borrowers by that amount:

Replacing these values in equations (19) and (20), we obtain

(D +B)s = �
�

(1 + �s) (1 + r)
+

�s
1 + �s

(28)

(D +B)b =
�

(1 + �b) (1 + r)
� �b
1 + �b

. (29)

The intuition behind the new equations (28) and (29) is simple: unlike the increase in

government spending, this type of �scal policy does not change the wealth of either type

of agent, i.e., the present value of their disposable incomes. However, it is isomorphic to

an increase in private debt, because it transfers resources (in the amount B per capita)

from savers to borrowers in period 1, and in the opposite direction in period 2.

In particular, this policy increases the debt instruments available in a constrained

equilibrium; as such, it o¤ers an opportunity to borrowers to shift consumption from

period 2 to period 1, and to savers from period 1 to period 2, which is precisely what both

would like to do, were it not for the private debt limit. As a consequence, this policy is

exactly isomorphic to an increase in the private debt limit D by an amount equal to B:
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Figure 4: E¤ect of government debt starting from a constrained equilibrium.

Thus, we can represent these functions in the D+B space instead of the D space. This

is done in Figure 4, where, for simplicity, we continue to call the two equations describing

the demand and supply of bonds the "Db and Ds curves".

Starting from a constrained equilibrium at point A, an increase in government debt

B merely shifts the e¤ective debt limit from D to D +B to the right; for a given private

debt limit D: The new equilibrium is at point A
0
. But from our analysis above we already

know what are the e¤ects on welfare of an increase in the debt limit. The welfare of savers

increases because the interest rate increases, as savers must be induced to increase their

savings.

The e¤ect on the welfare of borrowers is ambiguous. On the one hand, government debt

relaxes the borrowing constraint since, as we have seen, by issuing debt the government

is e¤ectively "lending" to borrowers at the market interest rate. On the other hand,

government debt raises the constrained interest rates, harming borrowers both because

of higher interest payments on their outstanding private debt and because they will have

to pay higher taxes tomorrow. As we know, the net e¤ect on the welfare of borrowers is

positive if B is such that D +B < �D�
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To gain further intuition, suppose that the private debt limit D is zero. If government

debt B were also zero, the real interest rate e¤ect would be absent and an increase in

government debt would be unambiguously bene�cial to borrowers because it relaxes their

constraint. At high (but still not high enough to make the borrowing constraint not

binding) levels of government debt, however, the marginal value of government debt in

terms of further relaxing the constraint is small, whereas the cost due to higher debt

servicing and taxes tomorrow is large.

The key insight is that -starting from a constrained equilibrium- government debt can

be Pareto improving. This is the case even though, as we have shown earlier, Ricardian

equivalence still holds in the sense that aggregate consumption, hours worked and output

are una¤ected by government debt and the timing of taxation. The conditions under

which government debt is welfare improving are that the private debt constraint �D be

stringent enough and that the initial government debt B be low enough, so that D +B <
�D�.

It is frequently asserted that government spending on goods and services is the "best"

feasible �scal policy because, in practice, the government cannot easily target borrowers

and savers.5 This is not correct: as we have just shown, the government does not need to

target speci�c groups with its tax and transfer policies. When borrowers face a limit on

private debt, so that there are not enough private debt instruments around to satisfy the

desire to borrow of borrowers, government debt is equivalent to a uniform temporary tax

cut on all agents, which in turn is equivalent to a transfer from the savers to the borrowers

in period 1, compensated by a transfer in the opposite direction in period 2.

6 Fiscal policy at the ZLB

We have seen above that, if second period productivity � is low enough, the unconstrained

(and a fortiori the constrained) equilibrium interest rate can be negative, as savers are

willing to accept a negative real rate of return in order to transfer resources to period 2. A

growing recent literature has asked what happens in this situation if the nominal interest

rate cannot go below zero and there are nominal rigidities. With a zero nominal interest

rate, in order to generate a negative real interest rate in equilibrium, expected in�ation

would be needed. With nominal rigidities, this can be obtained by an appropriately

5See e.g. Eggertson and Krugman (2011) p. 24.
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designed monetary policy. But assume, as in Mankiw and Weinzierl (2011), that this

policy is not available, perhaps because the central bank cannot commit to a monetary

expansion in period 2. As a result, the economy is stuck in an equilibrium with a too high

real interest rate and, in general, a too low level of economic activity. With monetary

policy exogenously shut o¤, �scal policy becomes the only available tool.

In the literature, there are two types of solutions. First, take advantage of the fact

that, at the zero lower bound, government spending G is particularly e¤ective in rais-

ing output, because it stimulates demand without raising the real interest rate too much

(Christiano et al. 2011, Eggertsson and Krugman 2011). Second, use distortionary tax-

ation to generate consumer price in�ation, that tilts consumption and demand towards

period 1; and possibly use production subsidies and wage taxes to avoid suboptimal pro-

ducer price in�ation. These policies are studied, respectively, in the representative agent

models of Eggertsson (2011) and Correia, Fahri, Nicolini and Teles (2011).

However, even though output increases, the �rst policy (government spending) reduces

welfare because it takes away resources from the private sector (unless, of course, govern-

ment spending enters directly the utility function of the private sector). In a model with

heterogenous agents, the second policy (distortionary taxation) is likely to decrease the

welfare of at least one type of agents: savers are hurt because the real interest rate falls; on

the other hand, if they own monopolistically competitive �rms, they could bene�t from

the production subsidy. It is therefore important to evaluate the welfare e¤ects of these

policies in a non-representative agent model, in a setting in which prices are not perfectly

�exible and the nominal interest rate is constant (of which the ZLB is a particular case).

Later we present a two period model with sticky prices. To provide the basic intuition

for our argument in a tractable way, in this section we begin by assuming that prices

are �xed in both periods. Thus, the nominal and the real interest rate coincide. The

possibility of a constant real interest rate is captured by the assumption that there is a

storage technology with a �xed return; for simplicity, we consider the ZLB case and we

assume that the return to the storage technology is zero. At that interest rate, savers can

put resources under the mattress; no asset therefore can have a real (and nominal) return

lower than zero.

Decline in future productivity Figure 5 illustrates the e¤ect of a decline in future

productivity. Starting from a constrained equilibrium at point A, a decline in � shifts the

Db curve left and theDs curve to the right: at any given interest rate, borrowers would like
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Figure 5: E¤ect of a fall in productivity in period 2.

to borrow less, and savers would like to save more. If the decline in � is large enough, the

constrained interest rate can become negative. From (23), this occurs (when government

debt is zero) if

� < �s � (1 + �s) �D: (30)

In the new equilibrium the real interest rate is stuck at zero and the level of private debt

is D. The savers lend D to the borrowers and put the amount H � D in the storage

technology.

6.1 Government spending

Starting from a ZLB constraint, let�s consider a rise in government spending. We know

from our previous analysis that a balanced budget increase in government spending in

period 1 has the opposite e¤ects to a decline in � in period 2: it shifts the Db curve to the

right and the Ds curve to the left because of a standard negative income e¤ect (assuming
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both types are taxed). Since taxation hits in period 1, at any given interest rate borrowers

would like to borrow more, and savers would like to save less (see Figure 3). The shift in

the Ds curve raises the constrained interest rate.

Hence, as long as the increase in G is su¢ ciently small that the constrained interest

rate remains negative and therefore the equilibrium real interest rate remains zero, the

e¤ect on welfare is zero if an agent does not pay any tax, and negative if !i > 0: Thus

government spending is unambiguously Pareto-damaging at the ZLB. If, however, the

increase in G is large enough that the constrained interest rate becomes positive, then the

e¤ect on welfare is the one we have seen already in the case of �exible prices: negative

on borrowers, and ambiguous on savers (but certainly negative at low levels of �D and/or

high levels of !s). Thus, even in this case government spending is Pareto-worsening, and

it could easily reduce the welfare of both types of agents.

Several authors (e.g. Christiano et al 2011, Eggertsson and Krugman 2011, Mankiw

and Weinzierl 2011) have argued that when the ZLB binds, government spending has a

higher output multiplier. The reason is that, with sticky prices, the real interest rate falls

or increases less than with �exible prices, thereby raising consumption and demand. This

is true also in the version of our model with a more general utility function and sticky

prices, that we present later.

In the version of the present section, with double logarithmic utility and �xed prices,

from (14) and (15) output does not depend on r; T or B: But, relative to the case of

�exible prices, and as long as government spending does not increase too much, the real

interest rate does not increase: hence, the welfare of borrowers declines less than under

�exible prices, and it does not fall at all if they do not bear any tax costs. Thus, and

somewhat in the spirit of the literature on �scal policy at the ZLB, we too �nd that

government spending is less damaging to borrowers at the ZLB with �xed prices than

under �exible prices. The converse of this result, however, has gone unnoticed: at the

ZLB government spending is more damaging to savers.

In Christiano et al. (2011) and Eggertsson and Krugman (2011), government spending

increases private consumption; one may legitimately wonder whether this positive e¤ect

on private consumption and welfare that is missing in the simple model of this section

may not overturn our results. However, the increase in private consumption is obtained

via an increase in hours worked; hence, unless government spending enters directly the

utility function, one should expect welfare still to decline, as it is natural since individuals
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are taxed. Indeed, in a more general version of the model analyzed below, with sticky

prices -and hence a demand e¤ect at the ZLB that may induce a positive consumption

response like in Christiano et al. (2011) and Eggertsson and Krugman (2011)- we show

that government spending is still welfare-detrimental. An increase in debt, instead, is

welfare improving.

6.2 Government debt

Next we turn to the implications of government debt at the ZLB. We consider two cases,

depending on whether the unconstrained real interest rate is positive or negative

6.2.1 Negative constrained interest rate

As we have seen, an increase in government debt by B per capita, �nanced by a uniform

tax cut on all agents, e¤ectively shifts the debt limit D+B to the right by B: In Figure 6,

after the decline in �; the equilibrium is in H; with r = 0: Savers put the amount H�D in

the storage technology, and lend D to borrowers. An increase in government debt moves

the debt limit back to H and then, say, to A. Up to H; there is no e¤ect on the welfare

of savers, as the interest rate does not move. The welfare of borrowers unambiguously

increases, and more than under �exible prices, because their consumption in period 1

increases, but without the rise in the interest rate. Thus, like government spending,

government debt is relatively more favourable to borrowers when prices are �xed; but

unlike government spending, it does not reduce the welfare of savers. Thus, government

debt is unambiguously Pareto-improving at the ZLB. Past H; as the equilibrium moves

up along the Ds curve, the welfare of savers keeps increasing as the interest rate increases.

As we know, the welfare of borrowers increases up to the point where D +B = �D�.

6.2.2 Negative unconstrained interest rate

So far we have assumed that the unconstrained equilibrium interest rate was positive.

We now consider the possibility of a negative unconstrained equilibrium real interest

rate. A negative unconstrained equilibrium interest rate can arise in two ways. First,

by assuming that the second period�s productivity � is low enough. Alternatively, by

assuming that there is aggregate risk on the second period endowment: for instance, the

aggregate endowment can be 1 � � with probability .5, and 1 + � with probability .5.

Because of precautionary savings, the Ds and Db curves shift down.
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In this scenario, government spending continues to be Pareto-damaging like before.

The case of government debt is more interesting. In Figure 7, the equilibrium after the

decline in �; or the increase in uncertainty, is in F; with r = 0: Savers lend borrowers the

amount D, and put F �D in the storage technology. An increase in government debt

increases the e¤ective debt limit (i.e., inclusive of government debt) to H; increasing the

welfare of borrowers. But after that it has no e¤ect, because the interest rate cannot fall

below zero; and at r = 0; borrowers will not want to borrow more than H: As government

debt increases above H � D; savers merely take resources out of the storage technology

and buy government bonds; borrowers too use the tax cut to buy government bonds, or,

equivalently, invest in the storage technology.
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7 A monetary economy with sticky prices

The assumption of �xed prices in both periods, while useful to provide the intuition, is

obviously too strong. We now study the e¤ects of alternative �scal policies in a version

of the model that displays a less extreme form of nominal rigidities-

Firms To do so, and as it is standard in the literature, we modify the production side

of the economy. A perfectly competitive �rm purchases intermediate di¤erentiated goods,

indexed by z 2 [0; 1]; to produce a �nal homogenous good via the production function
Y =

�R 1
0
Y (z)

��1
� dz

� �
��1
, where � > 1 is the elasticity of substitution across varieties.

The problem of the �nal good �rm yields the typical demand function for variety z:

Y (z) =

�
P (z)

P

���
Y (31)

A continuum of mass one of intermediate goods �rms produce the di¤erentiated varieties

with the same production function we assumed so far:

Y (z) = N(z) (32)

Y
0
(z) = �N

0
(z) (33)

where N(z) is total demand of labor by �rm z.

In period 2 each �rm z has monopolistic power in setting the price of its own variety. As

in Fernandez-Villaverde et al. (2011), price rigidity derives from the presence of quadratic

costs of adjustment, proportional to output, and equal to (#=2)(P
0
(z)=P (z) � 1)2Y 0

(z),

where the parameter # measures the degree of nominal price rigidity. In the particular

case of # = 0, prices are �exible.

Thus, the pro�t maximization problem of �rm z is

max
P
0
(z);N

0
(z);Y

0
(z)
�
0
(z) � P

0
(z)Y

0
(z)�W

0
N

0
(z)� P

0 #

2

�
P

0
(z)

P (z)
� 1
�2

Y
0
(z) (34)

subject to the period 2 version of the demand function (31) and period 2 production

function (33).

Substituting these two constraints into the pro�t function, the problem can be reduced

to the choice of P
0
(z), taking W

0
and P

0
as given. In a symmetric equilibrium, such that
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P
0
(z) = P

0
for all z, the optimal pricing condition can be written

#

�
P

0

P
� 1
�
P

0

P
=

�
mc

0 � � � 1
�

�
+
#

2

�
P

0

P
� 1
�2

(35)

where mc
0 � (W

0
=P

0
)=� is the real marginal cost of production in period 2, which is

common across �rms.

Households We adopt the more general utility function

Ui �
C1��i

1� �
� N1+'

i

1 + '
+ �i

�
C 01��i

1� �
� N 01+'

i

1 + '

�
(36)

Because of the presence of pro�ts, the budget constraints of type i must be modi�ed as

follows

Ci =
W

P
Ni �

Ai
P
+ Ti + �i (37)

C
0

i =
W

0

P 0 N
0

i +
(1 + i)ai
P 0=P

+ T
0

i + �
0

i (38)

where ai � Ai=P is holdings of private asset in real units, and �i are pro�ts from the

holdings of monopolistic competitive �rms.

The private debt limit remains the same as (6). Since period 1�s price level P is given,

it is immaterial whether the private debt limit is speci�ed in nominal or in real terms.

Monetary policy and the ZLB The monetary authority sets two policy instru-

ments, one for each period. In period 1, the instrument is the nominal interest rate,

whereas in period 2 the instrument is the money supply (there is no interest rate in

period 2). We assume that, under a ZLB constraint, the monetary authority sets the

nominal interest rate in line with the natural rate of interest, i.e., the equilibrium interest

rate that would prevail if price were fully �exible in both periods and �nancial frictions

were absent. Hence the policy rule in period 1 reads:

(1 + i) = max(1 + r�; 1) (39)

where r� is the unconstrained �exible price equilibrium real interest rate.

In period 2 we assume that the following quantity theory money demand equation

holds (under unitary velocity):

M
0
= P

0
(C 0b + C 0s) (40)
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where M
0
denote the demand for money in period 2. The monetary authority sets two

policy instruments, one for each period. In period 1, the instrument is the nominal interest

rate, whereas in period 2 the instrument is the money supplyM
0
(there is no interest rate

in period 2).

The government The intertemporal budget constraint of the government reads

PG+
P

0
G

0

(1 + i)
+ P

X
i=B;S

Ti +
P

0

(1 + i)

X
i=B;S

T
0

i = 0

where G is government purchases of the �nal consumption good.

7.1 Calibration

In order to characterize the e¤ect of alternative �scal policies, we solve the model by

employing non-linear techniques. The key advantage of the two-period deterministic setup

is that it allows to compute welfare exactly, in and out of the zero lower bound. The main

limitation is that its quantitative predictions cannot be compared to the ones of a fully-

�edged DSGE model.

Our choice of parameters is as follows. We set the inverse of the Frisch elasticity of

labor supply ' = 1:5, and the inverse elasticity of intertemporal substitution in consump-

tion � = 1=2. We choose a value of � < 1, and therefore a relatively high intertemporal

elasticity, in line with Woodford (2003), on the basis that the model features no capital

accumulation, and therefore agents have limited tools to shift consumption across periods.

We set the discount rate �B = 0:8 and �S = 0:99. This choice insures that the borrower is

su¢ ciently more impatient than the saver, so that she is always at the constraint ( > 0).

The value of the elasticity of substitution across varieties, �, is set equal to 8. Finally we

setM
0
in order to obtain an initial gross in�ation rate of 1 when �scal policy instruments

are set at zero.

7.2 Representative agent version

We �rst characterize the welfare implications of �scal policy in the representative agent

version of our model. This is a standard sticky price economy with perfect credit markets,
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akin to the one analyzed in Fernandez-Villaverde et al. (2011).6 The primary goal is to

evaluate the welfare implications of government spending when the economy is at the

ZLB. As already suggested above, recent papers such as Christiano et al. (2011) and

Eggertsson and Krugman (2011) hint to the desirability of government spending at the

ZLB on the basis that it can stimulate private consumption demand precisely when the

"ZLB shock" (whatever the source) generates an excess demand for saving in the economy.

We show here that this argument neglects the welfare dimension.

Assuming the form of preferences speci�ed in (36), the representative agent version of

our model can be represented as follows. The conditions for each period for the optimal

consumption-leisure choice:

C�N' = w; C 0�N 0' = w
0

(41)

The consumption Euler condition:

C�� = C 0��
(1 + i)

�
(42)

A pair of market clearing conditions, one for each period:

N = C +G; �N
0
�
1�

�
#

2

�
(� � 1)2

�
= C

0
+G

0
(43)

where market clearing in period 2 includes the output costs of price adjustment.

The quantity theory equation in period 2 reads:

M
0
= �C 0 (44)

where M
0
is given, and the presence of � already accounts for the period 1 price level

being �xed at P = 1.

The model is closed by the period 2 "Phillips curve" equation (35) and by the monetary

policy rule (39) for period 1. We employ the calibration already speci�ed above, with a

value of # = 1. In line with our previous analysis, we assume that a su¢ cient fall in

period 2 productivity, � < 1, is the source of the ZLB constraint.

The type of policy we analyze is a permanent increase in government spending, i.e.,

G = G
0
> 0. Recall that the "private consumption channel" of government spending

6Our version di¤ers from Fernandez-Villaverde et al. (2011) in that we abstract from transaction
frictions and specify monetary policy in terms of an interest rate rule in period 1.
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at the ZLB emphasized by Christiano et al. (2011) works via an increase in expected

in�ation: with the nominal interest rate stuck at zero, the rise in G stimulates expected

in�ation and therefore lowers the real interest rate, boosting consumption. However, since

in its baseline form with no capital accumulation the standard (in�nite horizon) NKmodel

features no endogenous state variable, expected in�ation can rise only if the increase in

government spending has some degree of persistence.

Similarly, the only way to obtain an increase in in�ation (and therefore, possibly, an

increase in consumption) in the representative agent version of our model is by having

government spending increasing in both periods. This argument can be understood as

follows. Notice that the model exhibits a block-recursiveness. By substituting for period

2 consumption from (44) into (41) and, in turn, into (35), one obtains a pair of equations

in the two endogenous variables (�;N
0
).

# (� � 1)� �

0B@
�
M

0

�

��
N 0'

�
� � � 1

�

1CA� #

2
(� � 1)2 � E(�;N

0
) = 0 (45)

�N
0
�
1�

�
#

2

�
(� � 1)2

�
� M

0

�
�G

0 � F (�;N) = 0 (46)

Hence, for any given level of M
0
and �, in�ation is determined only by period 2 variables,

and therefore responds only to increases in government spending in period 2.

Figure 8 illustrates the e¤ect on welfare (upper left panel) and on the equilibrium value

of selected variables of varying G permanently from zero to (increasingly) positive values.

In each panel, a solid line denotes period 1 variables, whereas a solid line denotes period

2 variables. Our simulation starts from a scenario in which the economy is at the ZLB

because of a fall in � (and G is initially zero). Throughout we assume that monetary policy

is constrained in such a way that also the level of money supply in period 2, M
0
; remains

�xed.

Notice that in�ation rises at higher levels of government spending. This is the result of

two e¤ects. First, since consumption in period 2 falls due to a negative wealth e¤ect and

M
0
is constant, in�ation must rise to satisfy equation (44). Second, due to an outward

shift in labor demand, the real wage, and therefore the real marginal cost in period 2, rises.

At the ZLB, the rise in in�ation generates a fall in the real interest rate, and therefore a

rise in consumption (via equation (42)).
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The e¤ect on current consumption is the result of an income and a substitution e¤ect.

The substitution e¤ect stimulates consumption, since the real interest rate falls. But the

income e¤ect tends to lower consumption in the current period, since period 2 consumption

is lower. The net e¤ect is nevertheless a rise in consumption, in line with the demand

channel of government spending at the ZLB emphasized by Christiano et al. (2011).

The main result is, however, that welfare falls monotonically at higher levels of gov-

ernment spending. This depends on two main e¤ects. First, period 2 consumption falls;

second, and most importantly, labor hours in period 1 increase. In our model this is the

main driver of the fall in welfare. Intuitively, as a simple implication of the market clearing

conditions (43), if a rise in government spending is followed, in equilibrium, by a rise in

private consumption, the e¤ect on hours worked must necessarily be ampli�ed. This type

of complementarity between consumption and hours at the ZLB is usually neglected in the

analysis of the e¤ects of government spending, precisely because that analysis abstracts

from the implications on welfare.7

The above result suggests to further explore the role of price stickiness. The question

that naturally arises is the following : although government spending is welfare detri-

mental in a sticky price economy at the ZLB, to what extent - given its positive private

consumption multiplier- is it at least less detrimental than under �exible prices? Figure 9

illustrates the e¤ect of varying government spending on welfare, consumption and hours

worked across three versions of the representative agent model. The �rst, denoted with

solid lines, is a �exible-price real version of the model (i.e., without money) and with an

unchanged value of � so that the economy remains outside the ZLB.8 The second, denoted

with dashed lines, is the same economy as above but with an implied negative value for

the equilibrium real interest rate. The third, denoted with starred lines, is the monetary

sticky price economy stuck at the ZLB.

There are three main results. First, in all cases, welfare falls monotonically as govern-

ment spending rises. Second, for any given level of government spending, welfare is lower

in the ZLB sticky price economy relative to the �ex price economy (whether inside or

outside the ZLB). This happens despite the fact the period 1 consumption is the highest

(and increasing in government spending) in the sticky price economy. As emphasized

above, the main driver of this result is that the e¤ect of higher government spending on

7To clarify, what we mean here by complementarity between consumption and hours is an equilibrium
result, and not an implication of the speci�cation of preferences, which are separable in the two arguments.

8Throughout we continue to assume that the goods markets feature monopolistic competition.
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hours worked is ampli�ed in a sticky price economy when the ZLB constraint is binding.

Third, the marginal impact of government spending on welfare is higher in the ZLB sticky

price economy relative to the two other cases (i.e., welfare falls more rapidly in the sticky

price economy at higher levels of government spending). Overall this picture conveys the

result that not only government spending at the ZLB is welfare detrimental, but also that

it is especially detrimental in a sticky price economy.

7.3 Heterogenous agent version

We now turn back to the more general analysis of �scal policy in the economy with

heterogeneous agents and credit market imperfections.

Government spending Figure 10 illustrates the e¤ects of a permanent rise in gov-

ernment spending in the sticky price economy with heterogenous agents, �nanced by an

increase in lump sum taxes on the savers. We choose to tax the savers only just to simplify

the exposition.9 At the ZLB, the hope is to obtain at least that the borrowers experience

an increase in welfare, due (possibly) to the fall in the real interest rate and to the en-

hanced e¤ect on their consumption induced by the rise in markups and therefore the rise

in wage income. Recall, in fact, that if constrained, the borrowers will choose to consume

all the increase in labor income that results from the increase in the real wage.

As in our previous analysis, if government spending is (as it is usually assumed)

wasteful, this policy amounts to taxing one type of agents and throwing the resources

away, instead of redistributing them to the other agents. We assume that, for G = G0 = 0,
the economy is initially at the ZLB because of a fall in period 2 productivity. For the

sake of illustration, we let government spending increase su¢ ciently to eventually induce

the economy to exit from the ZLB.

Several results are worth emphasizing. First, the increase in government spending

rises in�ation monotonically. This e¤ect is akin to the one obtained in the representative

agent sticky price economy. Second, the rise in government spending produces a welfare

tradeo¤. At all values of G, welfare of the savers (the taxed agents) falls, whereas welfare

of the borrowers rises at the ZLB and starts decreasing outside the ZLB. Third, the aggre-

gate consumption multiplier (in period 1) is positive at the ZLB: aggregate consumption

is higher for positive values of government spending, relative to the case in which gov-

9Our results are qualitatively similar if we choose a uniform taxation policy.
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ernment spending is zero. This implies that the output multiplier exceeds 1. This result

is in line with the recent literature on the e¤ects of government spending at the ZLB

(e.g., Christiano et al 2011). Our results show, however, that despite the larger output

multiplier welfare of at least one category of agents (but possibly of both) is reduced when

government spending is increased starting from the ZLB.

Figure (11) clari�es that the rise in period 1 aggregate consumption at the ZLB is the

net result of an opposite behavior of consumption for the two agents. Savers�consumption

falls, due to the combination of four e¤ects: (i) higher taxes; (ii) a fall in interest income

(due to the fall in the real interest rate); (iii) a fall in future consumption (see upper right

panel), due to the increase in government spending in t = 2 (and therefore taxation in

period 2); (iv) a fall in pro�t income, due to a rise in the real wage. All these e¤ects

dominate the positive e¤ect due to a lower real interest rate, which induces intertemporal

substitution from future to current consumption. Conversely, borrowers� consumption

rises with government spending, due to the rise in wage income that follows the increase

in labor demand.

One might wonder why, at positive values of government spending, savers�consumption

falls in the heterogenous-agent sticky price economy whereas it rises in the representative

agent economy analyzed above. After all, savers are permanent income agents, akin to

the representative agent of the baseline economy with perfect credit markets. The main

reason is that, in the two agent economy with imperfect credit markets, savers su¤er an

enhanced negative wealth e¤ect (over and above the one induced by higher taxes) due to

the fall in pro�t income. Hence, despite the fall in the real interest rate at the ZLB, their

consumption still falls.10

Most importantly, welfare of the savers falls whereas welfare of the borrowers rises.

This is due to the following two reasons. First, the opposite e¤ect (across agents) on

consumption in period 1 emphasized above. Second, the asymmetric e¤ect on labor, in

both periods. Labor hours increase more steeply for the savers relative to the borrow-

ers. Intuitively, equilibrium employment rises for both agents, because of the aggregate

increase in labor demand. But savers�labor supply increases (whereas it is una¤ected for

the borrowers) because of the combined negative wealth e¤ect induced by higher taxation

10For extremely low (and arguably realistic) values of � (i.e., high intertemporal elasticity of substitu-
tion) one can obtain savers�consumption to rise in equilibrium. Intuitively, in this case, the real interest
rate substitution e¤ect would dominate. But still in this case welfare of savers would fall, because labor
disutility would rise even more.
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Figure 10: Aggregate e¤ects of government spending in the heterogenous-agent sticky
price economy.
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and falling pro�t income. The second reason that explains the fall in welfare of the savers

is the fall in period 2 consumption, which depends on the fact that government spending

is positive also in period 2 (G
0
> 0):

Government debt Figures 12 illustrates the aggregate e¤ect of varying government

debt as a function of the initial cut in taxes T (expressed as a percentage of output in the

�rst period). Once again, recall that government debt is equivalent to an initial transfer

from savers to borrowers in period 1, followed by a reversed transfer, inclusive of interests,

in the subsequent period. Notice, �rst, that in�ation falls (although only minimally), so

that the real interest rate slightly rises at the ZLB. This is an important di¤erence, for a

rise in the real rate allows to redistribute resources from the borrowers to the savers. At

the same time, at the ZLB, aggregate consumption rises whereas it falls outside the ZLB.

Crucially, now, the welfare of both agents rises at the ZLB.

Figure (13) provides some more detail behind this result. The rise in borrowers�

welfare is intuitive, in light of the isomorphism between government debt and relaxation

of the borrowing limit that we have emphasized in our earlier analysis. E¤ectively, via

government debt, the borrowers manage to transfer consumption from period 2 to period

1. Since, at the constraint, their marginal utility of consumption exceeds the marginal

utility of saving, this is welfare improving.

Interestingly, however, welfare of the savers rises as well at the ZLB. There are three

main drivers of this result. First, the income e¤ect of the rise in the real interest rate.

Second, for any given real interest rate, the consumption-smoothing e¤ect of a rise in

period 2 consumption. Recall that period 2 consumption of the savers rises because of

the reversed (implicit) transfer from borrowers to savers that government debt implies.

Third, a dampened e¤ect on labor e¤ort. In fact, while labour hours of the savers must

necessarily increase in the �rst period (due the wealth e¤ect of the negative transfer),

they must fall in the second period (when that transfer is reversed).

Intuitively, the welfare bene�ts of government debt stem from its being a form of in-

tertemporal redistribution. By redistributing today from savers to borrowers, government

debt allows the constrained agents to shift consumption from the future to the current

period. By redistributing tomorrow from the borrowers to the savers (also via the increase

in the real interest rate) it allows to neutralize the negative wealth e¤ect in period 2 that

typically depresses savers�consumption and induce them to work more, thereby lowering
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Figure 11: E¤ects of government spending on individual consumption and hours in the
heterogenous-agent sticky price economy.
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their welfare.

8 Conclusions

(to be added)

Appendix A. Welfare

The e¤ect of a change in the debt limit on the indirect utility function of agent i is:

@Ui

@D
=

�
@Ui
@Ci

@Ci

@D
+
@Ui
@C 0i

@C 0i
@D

�
+

�
@Ui
@Ni

@Ni

@D
+
@Ui
@N 0

i

@N 0
i

@D

�
(47)

+
@Ui
@C 0i

@C 0i
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@r

@D
+
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@N 0
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@N 0
i

@r

@r

@D

Using that in equilibrium:

@Ui
@Ci

= � @Ui
@Ni

; �
@Ui
@C 0i

= � @Ui
@N 0

i

;

and recalling the equilibrium expressions for consumption and hours (10), (11),(12)

and (13), when no �scal policy instruments are used, we have:

@Ci
@Di

= � �

1� �

@Ni

@Di

= � (48)

@C 0i
@Di

= �� �

1� �

@N 0
i

@Di

= �� (1 + r)� �Di
@r

@Di

: (49)

The same proportionality also holds for the partial derivatives with respect to r: Replacing

these expressions into (47) we obtain (24) in the main text.

The e¤ect of a change in the debt limit on the constrained interest rate is given (in

the absence of �scal instruments) by:

@r

@D
=

� (1 + �s)�
�s � (1 + �s) �D

�2 > 0
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Figure 12: Aggregate e¤ects of government debt in the heterogenous-agent sticky price
economy.
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Figure 13: E¤ects of government debt on individual consumption and hours:
heterogenous-agent sticky price economy.
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