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1 Introduction

In the standard infinite horizon New Keynesian model, the fiscal multiplier during
a period of constrained monetary policy depends, inter alia, crucially on what the
change in government expenditure signals about the future government spending tra-
jectory. More specifically, a temporary fiscal expansion implemented while monetary
policy is constrained by the zero lower (ZLB) but reversed immediately afterwards
increases household consumption as well as investment by increasing inflation and
thus lowering the real interest rate. By contrast, a permanent fiscal expansion tends
to crowd out private household consumption. The reason is that a permanent fis-
cal expansion entails the prospect of a lower permanent disposable income level in
the new steady state the economy will ultimately converge to, which via consump-
tion smoothing immediately lowers consumption. This consumption decline partially
compensates for the increase in government expenditure rather than adding to the
associated rise in aggregate demand (e.g. Woodford (2011), Christiano et al. (2011),
Denes et al. (2013)).

However, this strong link between changes of the households (expected) future
permanent-income and their current consumption is at odds with the micro evidence
on the inter-temporal choices of high-income households, who would appear to be
natural real-world counterparts of “Ricardian” households with their unconstrained
consumption smoothing opportunities. Firstly, the marginal propensity to save out
of an increase in their permanent-income is zero in the standard model, but appears
to be in a range of 20% to 40% for the fourth and fifth income quintile of US
households (Dynan et al. (2004) and Kumhof et al. (2015)). Secondly, the micro
evidence on individual discount rates typically estimates them to substantially exceed
market interest rates relevant for the inter temporal choice under examination by
the researcher ((see Frederick et al. (2002) for a survey), even for income rich and
highly educated individuals (e.g. Harrison et al. (2002) and Warner and Pleeter
(2001)). This discrepancy cannot be accommodated by the standard model, where
the individual discount rate applied to future nominal income streams always equals
the inverse of the (gross) nominal interest rate, implying that financial market exactly
compensates the household’s impatience. Finally, there appears to be a positive effect
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of the US government debt-to-GDP ratio on US government bond yields (see Gale
and Orszag (2004), Engen and Hubbard (2004) and Laubach (2009)). This finding
suggests a potential role for wealth effects (see Gale and Orszag (2004)), especially
since an increase in sovereign default risk would appear to be an implausible culprit
in the US case. Similarly, there is evidence for a negative effect of government debt
on the spread between private sector interest rates and government bond yields (see
Krishnamurthy and Vissing-Jorgenson (2012)).

In this paper, I examine the effect of fiscal policy in a simple New Keynesian model
without capital where households have Preferences Over Safe Assets (POSA), since
preferences of this type have been shown to be able to accommodate the above micro
and macro evidence (see Rannenberg (2019), Kumhof et al. (2015), Krishnamurthy
and Vissing-Jorgenson (2012)), and I parameterize them accordingly. Krishnamurthy
and Vissing-Jorgenson (2012) argue that safe assets may provide services if they have
money-like qualities. An alternative motivation interprets the saving behavior of
rich households as evidence for “Capitalist Spirit” type preferences over all forms of
wealth, for instance due to the prestige, power and security associated with wealth
(see for instance Carroll (2000), Dynan et al. (2004), Francis (2009) and Kumhof et
al. (2015) as well as their literature review). More recently, Kaplan and Violante
(2018) have suggested POSA as a simple shortcut to capture a feature of heterogenous
agent models, namely the idea that in the presence of uninsurable risk, the household
sector values the the existence of a safe and liquid asset due to its precautionary value.

In line with the aforementioned fiscal literature, I find in the presence of the
ZLB, the multiplier of a “perfectly timed” expenditure increase, i.e. lasting exactly
as long as the ZLB, exceeds one, equaling 1.4 (1.2) for an expected length of the
ZLB of two years without POSA (with POSA), while the multiplier of a permanent
expenditure change equals only about 0.4 without POSA (See Table 4a., second row,
fifth and sixth column). My main novel result is that, with POSA, the multiplier of a
permanent government expenditure change strongly increases, thus becoming closer
to the multiplier of a “perfectly timed” expenditure change. The reason is that with
POSA there is less consumption smoothing, because the “net weight” the household
attaches to future periods’ marginal utilities of consumption declines exponentially in
their distance from the present, as the households individual discount rate exceeds the
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real interest rate. Hence the decline in consumption outside the ZLB caused by the
increase in government expenditure has a smaller impact on current consumption.
Furthermore, with declining marginal utility from safe assets, an increase in the
household’s real government bond holdings will tend to increase her consumption, as
the household attempts to smooth not just consumption but also her real safe asset
holdings. The combination of these two effects raises the multiplier of a permanent
expenditure increase to about 1.0 with POSA (see able 4a. row four, final column).

I show that these results are robust to adopting a more realistic maturity struc-
ture of government debt (following Krause and Moyen (2016)) and assuming that the
market value of the household’s bond portfolio enters the utility function. This ro-
bustness check is relevant because a fiscal expansion outlasting the ZLB may reduce
the market value of a unit of outstanding long-term government debt by increasing
expected future short-term interest rates, which -in itself- tends to lower the market
value of household wealth and -with POSA- consumption. Furthermore, my results
become stronger if the government’s fiscal rule uses distortionary labor taxes to
ensure long-run debt stationarity, in that the multiplier of a permanent government
expenditure increase remains virtually unchanged with POSA (compare rows five and
eight of Table 4a., final column) but becomes even lower without POSA (compare
rows three and six of Table 4a., final column). The reason is that in the new steady
state, output and thus the household’s disposable income are lower if labor taxes
are adjusted by the fiscal rule due to the associated efficiency loss. Without POSA,
this additional future burden has a strong permanent-income effect on current con-
sumption. With POSA, the aforementioned attenuation of consumption smoothing
virtually eliminates this additional permanent-income effect on consumption during
the ZLB. Finally, I show that my results are robust to allowing for a lower Phillips
curve slope during the period the zero lower bound is binding, a non-linearity whose
importance for the analysis of fiscal policy is argued by Trabandt and Linde (2018).

Moreover, I repeat my analysis in a medium scale DSGE model with investment
spending, sticky wages credit constrained firms along the lines of Bernanke et al.
(1999) and credit constrained households. As shown in Freedman et al. (2010)
and Carrillo and Poilly (2013), these features strongly amplify the multiplier of a
temporary fiscal stimulus implemented during the ZLB only. Below I show that for
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permanent government expenditure changes, without POSA this amplification is vir-
tually eliminated, because even though the credit constrained agents increase their
spending in response to the fiscal expansion, in response the unconstrained house-
holds lower their spending even more than in the absence of constrained agents. By
contrast, with POSA, credit constraints increase the multiplier by the same amount
for perfectly timed and permanent government expenditure changes.

The result that fiscal multipliers may be much less dependent on the future
expected path of government spending has important implications for fiscal policy
during economic downturns. More specifically, one of the arguments in favor of “front-
loaded” permanent spending cuts has been that the expectation of a lower future tax
burden would induce households to spend more if the spending cut is credible, thus
substantially muting the adverse effect. My results show that this optimistic assess-
ment does not hold for POSA parameterized in line with microeconomic evidence on
intertemporal choices and macro-evidence on the relationship between government
debt and interest rates.

My paper contributes to the aforementioned literature exploring the relation-
ship between the fiscal multiplier during the ZLB and the expected persistence of
the government spending change beyond the length of the ZLB ((e.g. Woodford
(2011), Christiano et al. (2011), Denes et al. (2013)) by showing that POSA almost
eliminates this (negative) relationship by attenuating the consumption smoothing of
households. An alternative approach yielding a similar effect has been explored by
Lemoine and Linde (2016), who examine the effect of permanent government spend-
ing cuts in a monetary union under imperfect credibility regarding the spending cut’s
duration.

Furthermore, my paper adds a to a growing literature exploring the macroeco-
nomic implications of preferences over safe assets or preferences over wealth more
generally. As shown by Rannenberg (2019, 2017) and Michaillat and Saez (2018),
POSA can eliminate the so called “Forward Guidance Puzzle”, i.e. the finding that
in DSGE models with nominal rigidities, the GDP and inflationary effects of central
bank announcements regarding the future path of the short-term interest rate tend
to be very large and to explode in the length of the announced interest rate peg
(see Del Negro et al. (2015a) and Carlstrom et al. (2015)). Both the attenuation of
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the Forward Guidance Puzzle and the dilution of “Ricardian” effects of fiscal policy
caused by POSA are rooted in the attenuation of consumption smoothing and the
“asset smoothing” motive arising with POSA. Furthermore, preferences over wealth
have been found useful in explaining the increase in US household indebtedness in
the run-up to the financial crisis (Kumhof et al. 2015), and to rationalize the level
of wealth held by rich households relative to their disposable income (Carroll 2000
and Francis 2009).

The remainder of this paper is organized as follows. Section 2 extends a simple
New Keynesian model with POSA and Section 3 discusses the calibration. Section
4 discusses the fiscal multiplier outside and inside the ZLB and the role of the per-
sistence of the government expenditure change. Section 5 discusses the interaction
between POSA and credit constraints in a medium scale DSGE model. The robust-
ness check allowing for a state dependent Phillips curve is discussed in Appendix D.
Section 6 concludes.

2 A simple model with preferences over wealth

2.1 Households

The representative household derives utility from consumption Ct and her holdings
of real government bonds bG,t, and disutility from supplying labor Nt. Her objective
is given by

Et

{
∞∑
i=0

βi
[
C1−σ
t+i

1− σ
− χN

1 + η
N1+η
t+i +

χb
1− σb

(bG,t+i)
1−σb

]}
(1)

with χN , σ, η > 0 and χb, σb ≥ 0. One motivation for POSA is liquidity preference.
Krishnamurthy and Vissing-Jorgenson (2012) argue that liquidity preference may
extend to assets with a positive yield if they have money-like qualities, and pro-
vide supporting evidence for the case of US government bonds. Fisher (2015) also
adopts this argument. Another motivation pertains to rich households, who may
have “Capitalist Spirit” type preferences over all forms of wealth, meaning that they
derive utility from the prestige, power and security associated with wealth. Several
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authors have argued that such preferences are necessary to replicate the saving be-
havior of rich households in US data, namely the positive marginal propensity to
save out of permanent-income changes (see Dynan et al. 2004) and Kumhof et al.
2015), and the level of wealth held by rich households relative to their disposable
income (Carroll 2000 and Francis 2009). More recently, Kaplan and Violante (2018)
have suggested POSA as a simple shortcut to capture a feature of heterogenous agent
models, namely the idea that in the presence of uninsurable risk, the household sector
values the the existence of a safe and liquid asset due to its precautionary value.

The household derives income from supplying labor and her ownership of govern-
ment bonds. Her budget constraint is thus given by

bG,t + (1 + τC)Ct = εb,t
Rt−1

Πt

bG,t−1 + (1− τw)wtNt − Tt + Ξt (2)

where Πt, Rt, wt, Ξt, Tt, τC and τw denote the inflation rate, the nominal interest
rate on government bonds (which is also the policy rate set by the central bank),
the real wage, real profits of firms and lump-sum, consumption and labor taxes,
respectively. εb,t denotes a so-called “risk premium shock”, i.e. a shock which renders
safe assets more attractive. Throughout the paper I adopt the convention that only
period t decision variables are indexed with t, implying that bG,t denotes the stock of
government bonds at the end of period t. The first order conditions (FOCs) of the
household with respect to government bonds, consumption and labor are given by

Λt = βEt

{
εb,tRt

Πt+1

Λt+1

}
+ χb (bG,t)

−σb (3)

Λt (1 + τC) = C−σt (4)

(1− τw)wtΛt = χNN
η
t (5)

where Λt denotes the marginal utility of consumption. If χb > 0, χb (bG,t)
−σb repre-

sents an extra marginal benefit from saving over and above the utility associated with
the future consumption possibility saving entails (represented by βEt

{
Rt

Πt+1
Λt+1

}
).

This extra benefit has three (related) consequences. Firstly, Λt is now less than pro-
portional to the marginal utility of t + 1 consumption Λt+1, since it also depends
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on marginal utility of holding government bonds. Hence there will be less intertem-
poral consumption smoothing. Furthermore, as Λt+1 is no longer proportional to
Λt+2 either, and so on and so forth, the attenuation of intertemporal consumption
smoothing compounds the more distant in time the respective future consumption
choice is located. Secondly, the extra benefit of holding government bonds implies
that

Rt ≤
1

Et

{
βΛt+1

ΛtΠt+1

} ≡ DISt (6)

i.e. the nominal interest rate may be smaller than the households individual discount
rate DISt. A third consequence of POSA arises under the assumption of declining
marginal utility from government bonds (σb > 0), as the household in that case aims
to smooth her asset holdings.

The consequences of POSA for intertemporal choice may be further illustrated
by linearizing equation (3), which yields

Ĉt = −θ
[
R̂t − EtΠ̂t+1 + εb,t

]
+ θEtĈt+1 + (1− θ)σb

Y

bG
b̂G,t (7)

where a hat on top of a variable denotes the percentage deviation of that variable
from the non-stochastic steady state, with the exception of b̂G,t, which is expressed
as a percentage of steady state GDP. θ = βR

Π
, i.e. the product of the steady-state

household discount factor and the real interest rate. Below I will refer to θ as
the discounting wedge. θ represents the net weight the household attaches to the
t + 1 marginal utility of consumption. Assuming POSA (i.e. χb > 0) implies that
θ < 1, and thus less consumption smoothing (as mentioned above). Specifically,
in the absence of POSA (θ = 1 ⇔ χb = 0 ), a decline of consumption taking
place in some future quarter t + i, has the same effect on the period t marginal
utility of consumption (and thus consumption itself) as a decline in EtĈt+1. By
contrast, with POSA (θ < 1 ⇔ χb > 0), the effect of a one percent decline in
EtĈt+i on Ĉt equals θi, thus converging to zero as i approaches infinity. Finally, with
declining marginal utility from safe assets (θ < 1 and σb > 0), an increase in the
household’s real government bond holdings will tend to lower her consumption, as
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the household attempts to smooth not just consumption but also her real safe asset
holdings, implying that the path of government debt now matters for consumption
and thus Ricardian equivalence breaks down.

2.2 Retailers

There is a continuum of monopolistically competitive firms owned by households,
each producing a variety j from a CES basket of goods. They set prices subject to
Rotemberg (1983) type quadratic price adjustment costs, which are given by

AC (j)P,t = Yt (j)
ξP
2

(
P (j)t
P (j)t−1

1

Π
− 1

)2

(8)

where ξP > 0 denotes the adjustment cost curvature. Retailers employ labor using
the technology:

Y (j)t = AN (j) t (9)

The FOC with respect to labor is given by

mct =
wt
A

(10)

where mct denote real marginal costs of production. Finally, optimal price setting
implies that up to first order, inflation evolves according to the familiar New Keyne-
sian Phillips curve

Π̂t = κπm̂ct + βEtΠ̂t+1 (11)

where κπ > 0 is a constant depending inversely on the degree of adjustment cost
curvature ξP .

2.3 Government and equilibrium

The government levies taxes and buys goods from retailers. Its budget constraint is
given by

bG,t =
Rt−1

Πt

bG,t−1 +Gt − (Tt + τw,twtNt + τCCt) (12)
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For now I assume that lump-sum taxes are adjusted to ensure the long-run station-
arity of government debt. The fiscal rule is thus given by

T̂t = τb (1− ρFIN) b̂G,t−1 + ρFIN T̂t (13)

where T̂t and b̂G,t denote the deviation of lump-sum taxes and government debt from
their respective steady state values as a percentage of steady state GDP and τb > 0.
Monetary policy is described by a simple rule where the Central Bank responds to
inflation and the deviation of output from its flexible price level ΓĜt, with Γ > 0 as
a consequence of the wealth effect on labor supply, and Γ defined in Table 1 below:

R̂t = max

((
φπΠ̂t +

φy
4

(
Ŷt − Ŷ ∗t

)
− εb,t

)
, R̂L

)
(14)

R̂L < 0 denotes a lower bound on the (percentage deviation from its steady state
of the) nominal interest rate R̂t and Ŷ ∗t denotes output in the absence of nominal
rigidities. If the lower bound on level of the policy interest rate is zero, R̂L = −R−1

R
.

Finally, output net of price adjustment costs equals the sum of household and
government consumption

Yt

(
1− ξP

2

(
Πt

Π
− 1

)2
)

= Ct +Gt (15)

2.4 Linearized equations

Linearizing and combing the above equations allows to express the model in just five
equations:

Ŷt − Ĝt = − 1

σ̃

[
θ
[
R̂t − EtΠ̂t+1 − εb,t

]
− (1− θ) σ̃b

σ̃
b̂t

]
(16)

+ θ
(
EtŶt+1 − EtĜt+1

)
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Table 1: Reduced form coefficients of the stylized model
σ̃ σ̃b θ Γ κ

σC
Y

σb
b
y

βR
Π

σ
σ+η

κπ (σ + η)

Π̂t = κ(Ŷt − ΓĜt) + βEtΠ̂t+1 (17)

R̂t = max

((
φπΠ̂t +

φy
4

(
Ŷt − Ŷ ∗t

)
− εb,t

)
, R̂L

)
(18)

b̂G,t =
R

Π
b̂G,t−1 +

bG
Y

R

Π

(
R̂t−1 − Πt

)
−
(
T̂t +

wN

Y
τ̂w,t + τw

wN

Y

(
ŵt + N̂t

)
+ τC

C

Y
Ĉt

)
(19)

T̂t = τb (1− ρFIN) b̂t−1 + ρFIN T̂ t−1

The meaning of the reduced form coefficients can be obtained from Table 1.

3 Calibration

Regarding the standard parameters, namely σ, η, κ, µp, φπ and φy, I closely follow
Woodford (2011) (see Table 2). I calibrate the consumption and labor tax rates τC
and τw in line with the US evidence of Jarass et al. (2017). Regarding the fiscal rule,
I set ρb to 0.97 and τb to small values sufficient to guarantee debt stationarity.
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Table 2: Parameters in the stylized model and empirical targets
a. Parameters in the simple model

Parameter Parameter name NOPOSA POSA

β Household discount factor 0.9955* 0.9557*

σ Curvature consumption 1

η Curvature labor disutility 1.8

σb Curvature save assets 0.2*

κ Output coefficient Phillips curve 0.0088

µp Steady state price markup 1.25

τC Consumption tax rate 0.05

τw Labor tax rate 0.28

τb Fiscal rule, long-run response to debt R
Π
− 1 + 0.05

ρb Fiscal rule, inertia 0.98

bG
4Y

Fiscal rule, target debt-to-annual GDP ratio 0.64*
G
Y

Steady state government expenditure share 0.2*

φπ Taylor rule inflation 1.5

φy Taylor rule output gap 0.5
4

b. Empirical targets used to calibrate the simple model
Empirical target Model counterpart NOPOSA POSA Data Source

Real interest rate
(
R
Π

)4
− 1 1.8% 1.8% Federal Funds rate-CPI inflation

Gov. expenditure share G
Y

0.2 0.2 BEA

Gov. debt-to-GDP ratio bG
4Y

0.64 0.64 FRED

Discounting wedge θ = βR
Π

1.0 0.96 0.96/0.97 See note below.
4dR̂f
db̂f,G

4

σ̃b
1−θ
θ

16 0 0.05p.p. 0.03− 0.06p.p. See note below.

MPS (not targeted) See note below 0 0.32 0.3− 0.34 See note below

• Parameter values labeled with * in Table a. were calibrated to match the empirical targets listed in Table
b..

• All empirical targets (other than those which are estimates taken from other studies) are averages over the
years 1981-2016. For more details on the data sources see Appendix A.

• Given the target for θ and the calibration of the other parameters, the bond utility weight χb does not matter
for the linearized model dynamics and is therefore not reported.

• 4dR̂f
db̂f,G

4

is obtained from equation (7) by setting Ĉt = EtĈt+1 = EtΠ̂t+1 = 0 and solving for R̂t.

• Model MPS: See Appendix B for details on the computation, which follows Kumhof et al. (2015).

• Empirical Effect of increase in government-debt-to-GDP ratio on interest rate: See Gale and Orszag (2004),
Engen and Hubbard (2004), Laubach (2009). The authors consider regressions with the five year ahead or
current real or nominal 10 year treasury rate. If the dependent variable is a nominal interest rate, a measure
of long-term inflation expectations is used as a regressor.

• MPS: Marginal Propensity to save out of an exogenous increase in the household’s permanent-income. This
estimate is based on the Median Savings Regression results reported Kumhof et al. (2015). For more details
see Appendix B.

12



Ta
bl
e
3:

E
m
pi
ri
ca
le

vi
de
nc
e
on

θ
Sa

m
pl
e
pe

ri
od

D
I
S
t
−

1
(A

P
R
)

R
t
−

1
(A

P
R
)

Im
pl
ie
d
θ

So
ur
ce

of
D
I
S
t
;
R
t
us
ed

fo
r
co
m
pa

ri
so
n

E
st
im

at
e
of
D
I
S
t
ba

se
d
on

...

19
29
-1
94
8

3
3
.0
*

0
.8
*

0
.8

2
Fr
ie
dm

an
(1
96
2,
19
57
);
re
al

tr
ea
su
ry

m
at
ur
it
y≥

1
0
ye
ar
s

T
es
ts

of
pe

rm
an

en
t-
in
co
m
e
hy

po
th
es
is

19
60

1
9
.6
*

2
.0
*

0
.9

6
H
ec
km

an
(1
97
6)
;
re
al

10
ye
ar

tr
ea
su
ry

E
st
im

at
ed

lif
e
cy
cl
e
ea
rn
in
gs

m
od

el

19
76

2
4
.1

2
.3
*

0
.9

5
H
au

sm
an

(1
97
9)
;
re
al

10
ye
ar

tr
ea
su
ry

E
ne
rg
y
effi

ci
en
cy

an
d
pr
ic
e
of

ai
r
co
nd

it
io
ne
rs

19
79

1
2
2
.5

3
.0
*

0
.8

2
G
at
el
y
(1
98
0)
,
M
ed
ia
n
es
ti
m
at
e;

10
ye
ar

tr
ea
su
ry

E
ne
rg
y
effi

ci
en
cy

an
d
pr
ic
e
of

re
fr
ig
er
at
or
s

19
79

2
7
.4

9
.5

0
.9

6
C
yl
ke

et
al
.
(1
98
2)
;
5
ye
ar

tr
ea
su
ry

U
S
M
ili
ta
ry

re
en
lis
tm

en
t
de
ci
si
on

s

19
72
;
19
78
;
19
80

5
4
.7
;

6
4
.0
;

7
2
.1
*

3
.2
;

2
.4
;

4
.4
*

0
.9
;

0
.8

9
;

0
.8

8
R
ud

er
m
an

et
al
.
(1
98
4)
,
M
ed
ia
n;

10
ye
ar

re
al

tr
ea
su
ry

P
ri
ce

of
ho

us
eh
ol
d
ap

pl
ia
nc
es

19
82
-1
98
9

1
8
.3

8
.6

0
.9

8
A
us
ub

el
(1
99
1)
;
on

e
m
on

th
ce
rt
ifi
ca
te

of
de
po

si
t

U
S
cr
ed
it
ca
rd

in
te
re
st

ra
te
s

19
92
-1
99
3

1
8
.7
/
5
3
.6

6
.3

0
.9

7
/
0
.9

1
W
ar
ne

r
an

d
P
le
te
r
(2
00
1)
;
20

ye
ar

tr
ea
su
ry

U
S
so
ld
ie
rs

se
ve
ra
nc
e
pa

ck
ag
e
ch
oi
ce
s

19
96

2
2
.5
/
2
8
.1

4
.2

0
.9

6
/
0
.9

5
H
ar
ri
so
n
et

al
.
(2
00
2)
;
1
ye
ar

m
on

ey
m
ar
ke
t
ra
te

E
xp

er
im

en
t,
D
an

is
h
ho

us
eh
ol
ds

20
08

2
8
.2
/
1
9
.0

1
.8

2
/
3
.7

0
.9
/
0
.9

7
W
an

g
et

al
.
(2
01
6)
;
se
e
no

te
be

lo
w
.

E
xp

er
im

en
t,
U
S
ec
on

.
st
ud

en
ts
.

N
ot
e: •

If
in
fo
rm

at
io
n
on

th
e
ho

ri
zo
n
of

th
e
ch
oi
ce

of
th
e
ag
en
t
un

de
r
ob

se
rv
at
io
n
w
as

av
ai
la
bl
e,
R
t
−

1
is
th
e
th
e
sa
fe

(e
.g
.
go
ve
rn
m
en
t)

in
te
re
st

ra
te

du
ri
ng

th
e
ye
ar

th
e
de
ci
si
on

w
as

m
ad

e
w
it
h
a
m
at
ur
it
y
as

cl
os
e
as

po
ss
ib
le

to
th
is

ho
ri
zo
n.

In
m
os
t
ot
he
r
ca
se
s,

I
us
e
th
e
10

ye
ar

go
ve
rn
m
en
t
bo

nd
yi
el
d.

N
um

be
rs

m
ar
ke
d
w
it
h
a
*
ar
e
es
ti
m
at
es

of
th
e

re
al

pe
rs
on

al
di
sc
ou

nt
ra
te
.
T
he

co
rr
es
po

nd
in
g
R
t
I
us
e
to

co
m
pu

te
θ
is

th
er
ef
or
e
a
m
ea
su
re

of
th
e

re
al

in
te
re
st

ra
te
,
w
he
re

ex
pe

ct
ed

in
fla

ti
on

is
as
su
m
ed

to
eq
ua

l
th
e
av
er
ag
e
P
C
E

in
fla

ti
on

ra
te

ov
er

th
e
cu
rr
en
t
an

d
th
e
pr
ec
ed

in
g
9
ye
ar
s.

In
ca
se

of
Fr
ie
dm

an
(1
96
2,

19
57
),

I
ca
lc
ul
at
ed

th
e
re
le
va
nt

in
te
re
st

ra
te

as
th
e
di
ffe

re
nc
e
be

tw
ee
n
th
e
av
er
ag
e
in
te
re
st

ra
te

on
lo
ng

-t
er
m

go
ve
rn
m
en
t
bo

nd
s

(m
at
ur
it
y
10

ye
as

or
m
or
e,

th
e
on

ly
lo
ng

-t
er
m

go
ve
rn
m
en
t
bo

nd
se
ri
es

fo
r
th
is

pe
ri
od

I
am

aw
ar
e
of
)
ov
er

th
e
19
29
-1
94
8
pe

ri
od

,
an

d
th
e
av
er
ag
e

P
C
E

de
fla

to
r
in
fla

ti
on

ra
te
.

•
W
ar
ne
r
an

d
P
le
et
er

(2
00
1)
:
T
he

fir
st

(s
ec
on

d)
re
po

rt
ed

va
lu
e
of
D
I
S
t
−

1
is

th
e
es
ti
m
at
e
fo
r
offi

ce
rs

(e
nl
is
te
d
pe

rs
on

ne
l)
,
an

d
an

al
og
ou

sl
y
fo
r
θ
.

•
H
ar
ri
so
n
et

al
.
(2
00
2)
:
T
he

fir
st

(s
ec
on

d)
re
po

rt
ed

va
lu
e
of
D
I
S
t
−

1
is
th
e
es
ti
m
at
e
fo
r
in
co
m
e
ri
ch

ho
us
eh
ol
ds

(t
he

sa
m
pl
e
m
ea
n)
,
an

d
an

al
og
ou

sl
y

fo
r
θ
.

•
W
an

g
et

al
.
(2
01
6)

al
lo
w

fo
r
hy

pe
rb
ol
ic
al

di
sc
ou

nt
in
g
an

d
th
er
ef
or
e
al
lo
w

th
e
di
sc
ou

nt
ra
te

ap
pl
ie
d
to

a
pa

ym
en
t
re
ce
iv
ed

on
e
ye
ar

ah
ea
d
(t
he

fir
st

va
lu
e)

to
ex
ce
ed

th
e
di
sc
ou

nt
ra
te

be
tw

ee
n
an

y
fu
tu
re

pe
ri
od

(t
he

se
co
nd

va
lu
e)
.
T
he

in
te
re
st

ra
te
s
us
ed

to
co
m
pu

te
th
e
co
rr
es
po

nd
in
g
tw

o
va
lu
es

of
θ
ar
e
th
e
on

e
ye
ar

tr
ea
su
ry

bo
nd

ra
te
,
an

d
th
e
9
ye
ar

fo
rw

ar
d
ra
te

on
e
ye
ar

he
nc
e
im

pl
ie
d
by

th
e
on

e
an

d
10

ye
ar

tr
ea
su
ry

bo
nd

ra
te
.

•
A
us
ub

el
’s

(1
99
1)

in
ve
st
ig
at
io
n
of

th
e
U
S
m
ar
ke
t
fo
r
cr
ed
it

ca
rd
s
is

fr
eq
ue
nt
ly

ci
te
d
as

ev
id
en
ce

in
fa
vo
r
of

hi
gh

pe
rs
on

al
di
sc
ou

nt
ra
te
s.

In
hi
s

sa
m
pl
e,

m
or
e
th
an

th
re
e
qu

ar
te
rs

of
cu
st
om

er
s
ho

ld
in
g
cr
ed
it
cr
ed
it
ca
rd
s
in
cu
r
fin

an
ce

ch
ar
ge
s
on

su
bs
ta
nt
ia
lo

ut
st
an

di
ng

ba
la
nc

es
in

sp
it
e
of

cr
ed
it

ca
rd

in
te
re
st

ra
te
s
ra
ng

in
g
be

tw
ee
n
18

an
d
19
%
,
an

d
he

ci
te
s
in
du

st
ry

pu
bl
ic
at
io
ns

sa
yi
ng

th
at

ab
ou

t
90
%

of
an

is
su
er
s
ou

ts
ta
nd

in
g
ba

la
nc
e
ac
cr
ue

in
te
re
st
.

13



Given these choices, I calibrate some parameters in order to set the steady state
values of important model variables close to their empirical counterparts, which are
reported in Table 2b.. The empirical targets for the governments debt-to-GDP-ratio
and the share of government expenditures on goods and services in GDP determine
the debt target implicit in the fiscal rule and G

Y
, respectively. Furthermore, I assume

a target value for the real interest rate, which in the NOPOSA model directly pins
down the household discount factor β as 1

β
.

To calibrate the two POSA-related parameters χb and σb, I follow Rannenberg
(2019) in assuming an empirical target for the discounting wedge θ (= βR

Π
), to be

discussed below. This target pins down the steady state marginal utility of wealth
via 1 − θ = χb(bG)−σb

Λ
(from equation (3)), which, given the choice of the curvature

parameter σb (to be discussed below) pins down safe asset utility weight χb (which
however does not appear explicitly in the linearized equations). For instance, the
case without POSA corresponds to θ = 1 ⇐⇒ χb = 0. The target value for θ pins
down β as β = θ

R/Π
.

My preferred value of the discounting wedge equals θ = 0.96. To obtain evidence
on θ, I draw on estimates of the (time-varying) nominal individual discount rate
which the household applies to future nominal income streams, DISt = 1

Et
{
βΛt+1

ΛtΠt+1

} .
Given estimates of DISt, I exploit that for sufficiently small weights on safe assets in
the utility function (i.e. θ smaller than but close to one), θt = Rt

DISt
is approximately

constant across time in the model. This property is a consequence of intertemporal
substitution by the household: An increase in Rt shifts consumption from t to t +

1, thus reducing the marginal utility of future consumption and increasing DISt.1

Hence θ ≈ Rt
DISt

, which given the assumed steady state value of the real interest rate
R
Π
then allows to pin down β. This indirect way of calibrating β avoids two problems

pointed out by for instance Frederick et al. (2002) which arise if one interprets
the empirical estimates of individual discount rates as measuring β itself. Firstly,
calibrating θ does not require the assumption that utility is linear in money. Secondly,

1More formally, rearranging equation (3) as 1− χb(bG,t)
−σb

Λt
= βRtEt

Λt+1

Πt+1Λt
, defining θt = Rt

DISt
=

1 − χb(bG,t)
−σb

Λt
and linearizing yields dθt = χb(b)

−σb

Λ

(
Λ̂t + σb

Y
b b̂G,t

)
= (1− θ)

(
σb

Y
b b̂G,t −

1
σ Ĉt

)
.

Hence for 1− θ close to zero and reasonable calibrations of σH and σb even large deviations of Ĉt
and b̂G,t would lead to tiny movements in θt, implying that θ ≈ Rt

DISt
is a good approximation.
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it accounts for the possibility that estimates of the household discount rate based on
choices between nominal amounts reflect inflation expectations (at least under the
assumption that the nominal interest rate Rt reflects the same inflation expectations
as DISt).

Regarding evidence on DISt, economists have attempted to estimate the per-
sonal discount rate at least since Friedman’s (1957) seminal tests of the permanent-
income hypotheses by studying economic agents’ behavior when faced with a variety
of intertemporal trade-offs (see Table 3). These range from trading off the energy
efficiency and price of household appliances (eg. Hausman (1979), Gately (1979),
Ruderman et al. (1984)) to the choice between different types of severance packages
(Warner and Pleeter 2001), as well as field experiments where probants choose be-
tween a payment today and a larger deferred payment (Harrison et al. 2002). As can
be obtained from Table 3, the elicited discount rates are quite high, though below
the median value obtainable from the comprehensive literature survey of Frederick
et al. (2002), which equals (approximately) 35%.2 What is more, the discount rate
estimates also typically exceed safe interest rates with a comparable maturity ob-
served at the time the discount rates were elicited, resulting in an implied value of θ
smaller than one, sometimes substantially so.

Since one may interpret the representative household with unconstrained access
to financial markets as representing rich and educated households, the contributions
of Harrison et al. (2002) and Warner and Pleeter (2001) are of particular relevance.
Harrison et al. (2002) report estimates for (income-) rich households, while Warner
and Pleeter (2002) elicit discount rate of officers and enlisted men of the United
States armed forces choosing between two severance packages during the 1992-1995
military draw-down.3 My calibration of θ is thus at the upper end of what is implied
by the evidence listed in Table 3.

Given these choices, I calibrate the wealth curvature parameter σb such that the
2See his Table 1. For each study reported by Frederick et al. (2002), I calculated the mean

of the reported range of the discount factor, and then the median over all midpoints, and finally
converted the discount factor into a discount rate.

3The authors report that virtually all of the officers in their sample have a college degree, while
according to the Current Population Survey the same was true for only 24.5% of all individuals in
the same age group.
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implied effect of a one percentage point permanent increase of the government debt-
to-annual-GDP ratio on the real interet rate in the flexible price economy (i.e. the
natural rate of interest) is consistent with the evidence of Gale and Orszag (2004),
Engen and Hubbard (2004) and Laubach (2009). These authors find an effect of
an increase in the debt-to-GDP ratio on the real interest rate between 0.03 and
0.06 percentage points. Furthermore, I compare the household’s implied marginal
propensity to save (MPS) out of an exogenous increase in their permanent-income,
computed in a partial equilibrium simulation (following Kumhof et al. (2015), see
Appendix B for details), to empirical estimates computed from Kumhof et al (2015)
and Dynan et al. (2004). As can be obtained from Table 2, the implied MPS matches
this evidence quite closely.

4 Government expenditure multiplier

4.1 Multiplier outside the ZLB

I first examine the impact effect of an increase in government spending outside the
ZLB. Government spending follows an AR(1) process with persistence λ. As can
be obtained from Figure 1, for all considered model variants, the more persistent
the government spending increase, the stronger the crowding out of household con-
sumption and thus the smaller the multiplier. However, with POSA, the decline in
consumption is smaller and thus the increase in GDP larger. For instance, for the
model with POSA developed above, a permanent increase in government expendi-
ture increases GDP by 0.5, versus 0.4 without POSA (compare the magenta line and
the the black solid line/ Table 4, line four, columns three and four, versus line two),
while the real interest rate increases, even more so if there is curvature (σb > 0). The
reasons is that for θ < 0.96, households become less responsive to the rise in the mon-
etary policy interest rate triggered by the fiscal expansion (see equation (7)), while
σb > 0 implies a positive effect of the increase in government debt on consumption.
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Figure 1: Impact fiscal multiplier outside the ZLB
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Note: The graph displays the impact effect of increasing government expenditure by 1% of GDP outside the ZLB.
Government expenditure follows an AR(1) process with persistence λ. The impact on GDP, consumption and the
bond price are expressed as a percentage of their respective steady state value. The impact on inflation and the real
interest rate are expressed in percentage points. The impact on the primary balance is expressed as a percentage of
GDP. The calibration is as in Table 2, with σb = 0.2 unless otherwise mentioned. “POSA” refers to the model with
preferences over safe assets and θ = 0.96. “LTD” refers to the model with long-term government debt discussed in
Section 4.4. “LTD, POSA” refers to the model with long-term government debt and preferences over the face value
of government debt bG,t+ bG,L,t, while “LTD, POSAMV|” refers the model with long-term debt and preferences over
the market value of government debt bG,t +Qb,G,L,tbG,L,t.

4.2 Multiplier during the ZLB: A “perfectly timed” expendi-

ture change

I now examine the effect of an increase in government expenditure during the ZLB.
For that purpose, I assume that an exogenous decline in the natural rate of interest
hits the economy, implemented by assuming that εb,t takes a positive value εb,L,
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with the superscript L denoting the “low state” of the economy, following Eggertsson
(2008) and Woodford (2011). The associated decline in the natural rate is sufficiently
big to reduce the policy rate to its lower bound for the complete duration of the low
state. Furthermore, with probability µL, εb,t = εb,L in the following quarter, while
with probability (1 − µL), it will return to zero, and is expected to remain there
forever. Throughout this section and the next, I will restrict the analysis to values
of µL implying a stable and unique equilibrium. I then assume that government
expenditure increases for the duration of the low state by ĜL. I assume the increase
in government expenditure to be too small to achieve an exit of the economy from
the ZLB.

FollowingWoodford (2011), I assume that after the exit from the low state, in each
quarter there is a probability 1−λ that government expenditure returns to its steady
state, and in this event is expected to remain there forever. Denoting this probability
as λ is motivated by the fact that, as far as the effect on the economy in the low state
is concerned, assuming that government expenditure returns to its steady state with
probability λ is equivalent to assuming that post-low-state government expenditure
follows an AR(1) process with persistence λ.

The effect of the assumed path for government expenditure on the economy is
described by the following set of equations:

ŶL,t − ĜL =
1

σ̃

[
θ
[(
µLΠ̂L,t+1 + (1− µL) Π̂S,t+1

)]
+ (1− θ) σ̃b

σ̃
b̂G,L,t

]
(20)

+ θ
(
µLŶL,t+1 + (1− µL) ŶS,t+1

)
− θ

(
(µL + (1− µL)λ) ĜL

)

Π̂L,t = κ(ŶL,t − ΓĜL) + β
[
µLΠ̂L,t+1 + (1− µL) Π̂S,t+1

]
(21)

T̂L,t = τb (1− ρFIN) b̂G,L,t−1 + ρFIN T̂L,t−1
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b̂G,L,t =
R

Π
b̂G,L,t−1 +

bG
Y

R

Π
(−ΠL,t)−

(
T̂L,t + τw

wN

Y

(
ŵL,t + N̂L,t

)
+ τC

C

Y
ĈL,t

)
(22)

where the subscript L refers to the low state and the subscript S, t+ 1 refers to the
value of the respective variable in the first quarter outside the low state, assuming
that the economy has been in the low state in quarter t. Furthermore, a hat now
refers to the effect of setting government expenditure to ĜL on the deviation of the
respective variable from its steady state.4

A useful special case is a version of the model with linear POSA (σ̃b = 0), as
under this assumption government debt does not matter for the equilibrium values
of other variables and equations (20) and (21) simplify to

ŶL − ĜL =
σθ
(
µLΠ̂L + λ (1− µL) γΠGĜL

)
+ λθ (1− µL) (γY G − 1) ĜL

(1− θµL)
(23)

Π̂L =
κ(ŶL − ΓĜL) + λβ (1− µL) γΠGĜL

1− βµL
(24)

where γΠG and γY G denote the effects of government expenditure on inflation and
GDP outside the low state, as plotted in the left column of Figure 1.

I first consider the case of a stimulus expected to last exactly as long as the econ-
omy’s low state, i.e. λ = 0 (which I will refer to as a “perfectly timed” expenditure
change), and the special case of the model described by the aggregated demand and
aggregate supply equation (23) and (24) (see Figure 2)). For θ = 1, as shown by
Woodford (2011), the multiplier is larger than one for DL > 1 and increases exponen-
tially in the expected duration of the low state DL (see the black solid line), for the
following reasons. With a zero probability of the low state persisting into the next
quarter (µL = 0⇐⇒ DL = 1) increasing government expenditure leaves all t+1 vari-
ables unchanged. Hence the expected sum of future inflation and (since the nominal
interest rate is fixed) real interest rates µLΠ̂L

(1−θµL)
in the aggregate demand equation

(23) remains at zero and thus private consumption does not increase. By contrast, if
the low state and the fiscal expansion are expected to persist with some probability

4This reinterpretation of the hat notation allows me to drop R̂L,t and rL from the exposition,
as they are by assumption unaffected by government expenditure.
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(µL > 0⇐⇒ DL > 1), the expected sum of future real interest rates declines and
unconstrained household consumption is crowded in. The associated higher GDP
increases the expected sum of future output gaps κ(ŶL−ΓĜL)

1−βµL
in the aggregate supply

relation (24) and thus Π̂L, which feeds back into aggregated demand (24), thus ac-
celerating the increase in µLΠ̂L

(1−θµL)
and hence GDP. The interaction between these two

infinite sums gives rise to the exponential relationship between the multiplier and
DL displayed in Figure 1 (the black solid line), which displays the impact effect of
an increase of government expenditure of 1% of GDP.

However, the increase in the multiplier is smaller for θ < 1 (see the magenta-
diamond line). For instance, for DL = 10, the multiplier equals 1.9 without pref-
erences over wealth, but only 1.3 for θ = 0.96. With θ < 1, households attach an
exponentially declining weight to future periods, implying that importance of future
real interest rates for current consumption of forward looking households declines ex-
ponentially the further away from the current quarter they are located in time (see
equation (23)). Lowering θ also lowers the effect of the future output gap on current
inflation by lowering β (see equation 24), but the attenuation of this mechanism is
quantitatively much less important.5 Allowing for curvature in POSA (σb > 0) has
only a small effect on the multiplier since the expected impact of the (temporary)
fiscal expansion on real government debt is small.

As long as the economy remains in the low state, the macroeconomic effects of
the fiscal expansion changes little over time (or not at all for θ = 1 or σb = 0), as
can be obtained from Appendix C for the case of DL = 8. The same is true for the
other variants of the simple model considered below. Therefore I limit the discussion
in the main text to the impact effects and delegate the dynamic effects of the fiscal
expansion to Appendix C.

5Results for a scenario where I fix the coefficient on expected inflation in the Phillips curve at
its value for θ = 1 when setting θ = 0.96 are available upon request.
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Figure 2: Impact fiscal multiplier during low state, perfectly timed expenditure
change (λ = 0)
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Note: The graph displays the impact effect of a government expenditure increase of 1% of GDP lasting exactly as
long as the low state (i.e.λ = 0). The horizontal axis depicts the expected duration of the low state DL = 1

1−µL
. All

other parameters are as in Table 2. For details on the legend and the units of the displayed variables see the note
below Figure 1.

4.3 Multiplier during the ZLB: An expenditure increase out-

lasting the ZLB duration

I now examine the case where the increase in government expenditure is expected
to persist beyond the duration of the low state (i.e. λ > 0). Outside the ZLB, an
increase in government expenditure crowds out private consumption (Figure 1), the
more so the more persistent it is expected to be, which via consumption smoothing
tends to lower consumption during the low state. In equation (23), the expression
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λθ (1− µL) (γY G − 1) < 0 captures this mechanism. The expression is strictly neg-
ative as the fiscal multiplier outside the ZLB γY G is strictly smaller than one and
declines in λ. Therefore, without POSA and assuming an expected ZLB length of
2 years (DL = 8), and λ = 0, 0.8 and 1 (i.e. a permanent increase), the multiplier
equals 1.4, 1.3 and 0.4, respectively (see the black solid line in Figure 3).

By contrast, with POSA, the multiplier is much less sensitive to increasing λ. For
instance, with linear POSA (σb = 0, the magenta diamond line), values of λ = 0,
0.8 and 1 correspond to multipliers of 1.2, 1.1 and 0.8 (See also Table 4, line 3,
columns five and six). The reason is that for θ < 1, the household attaches a smaller
weight to the low consumption/ high marginal utility of consumption state they will
enter upon the exit from the low state and thus lower their consumption by less.
Furthermore, there is also less consumption crowding out outside the low state if
θ < 1 (Figure 1). As a result of these mechanisms, the magnitude of the increase
in inflation and the associated fall of the real interest rate during the low state also
declines less in λ than for θ = 1, which contributes to raising consumption relative
to the NOPOSA case.

With declining marginal utility from safe assets (see the solid magenta line), the
dependence of the multiplier on the persistence of the government expenditure in-
crease is virtually eliminated. The increase in government debt associated with a
persistent increase in government consumption increases the real wealth of uncon-
strained households, which has a direct positive effect on their consumption both
inside (equation 20) and after the exit from the low state. As a result, for persistent
expenditure increases, their consumption is higher than without curvature.

Hence with POSA, the multipliers of permanent and temporary changes in gov-
ernment expenditure during the ZLB become much more alike. Table 4a. summarizes
this result by displaying the multipliers of both a perfectly timed and a permanent
change in government consumption and an expected length of the ZLB state of 8
quarters (see row two and three, columns five and six).
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Table 4: Impact fiscal multiplier of a government expenditure change
a. Simple model of Sections 2 and 4.4.

Preferences Fiscal rule PC slope
Outside ZLB Inside ZLB, DL = 8

∆Gt permanent ∆Gt perfectly timed ∆Gt permanent
(λ = 1) (λ = 0) (λ = 1)

NOPOSA (θ = 1) Lump-sum tax constant 0.4 1.4 0.4

POSA, σb = 0 Lump-sum tax constant 0.5 1.2 0.8

POSA, σb = 0.2 Lump-sum tax constant 0.5 1.2 1.0

POSAMV, σb = 0.2 Lump-sum tax constant 0.4 1.2 0.9

NOPOSA (θ = 1) Labor tax constant 0.4 1.0 0.2

POSA, σb = 0.2 Labor tax constant 0.5 1.2 1.0

POSAMV, σb = 0.2 Labor tax constant 0.4 1.2 0.8

NOPOSA (θ = 1) Lump-sum tax state-dependent 0.4 1.1 0.4

POSA, σb = 0.2 Lump-sum tax state-dependent 0.5 1.1 0.9

POSAMV, σb = 0.2 Lump-sum tax state-dependent 0.4 1.1 0.8

Note: Table a. displays impact fiscal multipliers under the assumption of an expected length of the
low state of two years, using the simple model developed in Sections 2 and 4.4. The first column
displays the type of POSA, and if applicable, the curvature parameter σb. “NOPOSA” indicates
a model without preferences over safe assets. “POSA” indicates preferences over safe assets and
θ = 0.96. “POSAMV” indicates preferences over the market value of government debt in the model
with long term debt (see Section 4.4). The column “Fiscal rule” displays the fiscal instrument
adjusted by the fiscal rule (either the lump-sum tax (i.e. equation (13) holds) or the distortionary
labor tax (equation (36)). The column “PC slope” indicates whether the Phillips curve slope κ
is assumed to be constant or state dependent (see Appendix D for details). The column “Outside
ZLB” (“Inside ZLB”) contains government expenditure multipliers outside the ZLB (inside the ZLB,
expected duration DL of 8 quarters). The label “∆Gt permanent” (“∆Gt perfectly timed”) refers
to an expenditure change expected to be permanent (lasting exactly as long as the ZLB period).

b. Medium scale model of Section 5.

Preferences Credit constraints
Outside ZLB Inside ZLB, DL = 8

∆Gt permanent ∆Gt perfectly timed ∆Gt permanent
(λ = 1) (λ = 0) (λ = 1)

NOPOSA(θ = 1) NO 0.4 1.8 0.1

NOPOSA(θ = 1) YES 0.4 3.8 0.5

POSAMV, σb = 0.2 NO 0.4 1.6 1.2

POSAMV, σb = 0.2 YES 0.5 3.3 2.9

Note: Table b. displays impact fiscal multipliers under the assumption of an expected length of
the low state of two years, using the medium scale model developed in Section 5. The first column
displays the type of POSA (see the note below Table a. for further details). The column “credit
constraints” indicates the presence or absence of credit constrained households and firms.
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Figure 3: Impact fiscal multiplier during low state, persistent expenditure increase
(λ > 0)
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Note: The graph displays the impact effect of increasing government expenditure by 1% of GDP inside the low state,
with DL = 8 (i.e. µL = 0.875). The horizontal axis displays the probability λ that the increase persists after the
economy’s exit from the low state. All other parameters are as in Table 2. For details on the units of the displayed
variables see the note below Figure 1.

4.4 Results with preferences over long-term government debt

I now examine the effect of adopting a more realistic maturity structure of govern-
ment debt, and assuming that household have preferences over the market value of
long-term government bonds. This case is of relevance for two reasons. Firstly, with
POSA, an increase in government expenditure outside the ZLB increases the short-
term interest rate, as illustrated in Figure 1. In the presence of traded long-term
debt, this increase would be expected to depress the market value of government
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debt, which in itself would tend to lower consumption if households have preferences
over the market value of government debt. Secondly, Rannenberg (2019) shows that
the impact of POSA on the effect of standard shocks typically used in the DSGE
literature is small if the model features long-term government debt.

Specifically, I follow Krause and Moyen (2016) and assume that public debt con-
sists of stochastic long-term bonds. In each period such a bond pays the interest rate
determined when the bond was issued, and, with a fixed probability ωLTD, matures
and in that event pays back the principal. Since the government issues a large num-
ber of these bonds each quarter, the probability that an individual bond matures
equals the fraction of all bonds maturing each quarter in total outstanding bonds.
The total real amount of outstanding stochastic bonds bG,L,t is thus determined by

bG,L,t = (1− ωLTD)
bG,L,t−1

Πt

+ bG,L,n,t (25)

where bG,L,n,t denotes total newly issued stochastic bonds. The nominal average
interest rate on the total amount of outstanding stochastic bonds RG,L,t is determined
by

(RG,L,t − 1) bG,L,t = (1− ωLTD)
(RG,L,t−1 − 1)

Πt

bG,L,t−1 + (RG,L,n,t − 1) bL,n,t (26)

where RG,L,n,t denotes the market interest rate on stochastic bonds issued in period
t (see Krause and Moyen (2016) for details). Following Krishnamurthy and Vissing-
Jorgenson (2012), I assume that households derive utility from the total market value
of government debt bG,t + Qb,G,L,tbG,L,t (as in Rannenberg (2019)), where Qb,G,L,t

denotes the market value of a unit of outstanding long-term debt. However, I will
also report results for the case where household have preferences over the face value
of government debt bG,t + bG,L,t.

The household’s objective and budget constraint are therefore given by

Et

{
∞∑
i=0

βi
[
C1−σ
t+i

1− σ
− χN

1 + η
N1+η
t+i +

χb
1− σb

(bG,t+i +Qb,G,L,t+ibG,L,t+i)
1−σb

]}
(27)
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bG,t + bG,L,n,t + (1 + τC)Ct =
Rt−1

Πt

bG,t−1 +
(RL,t−1 − 1 + ωLTD)

Πt

bG,L,t−1 (28)

+ (1− τw)wtNt − Tt + Ξt

Households maximize (27) subject to (28), (25) and (26), by choosing Ct, Nt, bG,t,
bG,L,t, bG,L,n,t and RG,L,t.6 The FOCs with respect to bG,t, bG,L,t, RG,L,t and bG,L,n,t
imply:

Λt = βEt

{
Λt+1

Rt

Πt+1

}
+ χb (bG,t +Qb,G,L,tbG,L,t)

−σb (29)

Λt = βEt

{
Λt+1

RL,n,t − µt+1 (1− ωLTD) (RL,n,t+1 −RL,n,t)

Πt+1

}
(30)

+Qb,G,L,tχb (bG,t +Qb,G,L,tbG,L,t)
−σb

µRGL,t = βEt

{
Λt+1

Λt

1

Πt+1

[1 + µRGL,t+1 (1− ωLTD)]

}
(31)

µbGL,t = βEt

{
Λt+1

Λt

1

Πt+1

[ωLTD + (1− ωLTD)µbGL,t+1]

}
(32)

+
Qb,G,L,tχb (bG,t +Qb,G,L,tbG,L,t)

−σb

Λt

where µRGL,t and µbGL,t denote the Lagrange multipliers on the law of motions of the
average interest rate (26) and total long-term government bonds (25), respectively.
These equations are identical to Krause and Moyen except for the term reflecting
the marginal utility of government bonds χb (bG,t +Qb,G,L,tbG,L,t)

−σb in equations (29)
and (30). The FOC with respect to short-term bonds (29) is identical to equation (3)
above, except for the marginal utility of short-term bonds, which now depends on the
total market value of short-term and long-term bonds bG,t +Qb,G,L,tbG,L,t. Equations
(29) to (31) determine private consumption and the interest rate on newly issued

6The reason that the average interest rate on the households bond portfolio RG,L,t is a choice
variable is that it is affected by the households purchases of newly issued bonds bL,n,t. By contrast,
the market interest rate on newly issued bonds RG,L,n,t is taken as given by the household (see
Krause and Moyen (2016)).
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long-term bonds RL,n,t given the expected paths of the short-term nominal interest
rate, inflation, and the supply of total real government bonds bG,t + Qb,G,L,tbG,L,t.
Since the Lagrange multiplier µb,GL,t represents the value of an additional unit of the
portfolio of long-term bonds to the household, it follows that

µb,GL,t = Qb,G,L,t (33)

Clearly, with POSA, an increase in the bond price Qb,G,L,t would tend to increase
consumption via (29). Qb,G,L,t in turn depends negatively on current and expected
future nominal short-term interest rates, which can be shown by linearizing and
combining equations (30), (32) and (33):

Q̂b,G,L,t = −R̂t +
(1− ωLTD)EtQ̂b,G,L,t+1

R
(34)

Following Krause and Moyen (2016), I assume that one quarter government debt is
now in zero net supply, i.e. bG,t = 0, implying that the government budget constraint
becomes

bG,L,t =
RG,L,t−1

Πt

bG,L,t−1 +Gt − (Tt + τwwtNt + τCCt) (35)

which differs from its counterpart in the model with one quarter debt (12) only in
that for ωLTD < 1, the (average) interest rate on t-1 government debt RG,L,t−1 no
longer equals the t− 1 policy rate, but equals instead a weighted average of interest
rates on bonds issued in all past periods (i.e. RG,L,n,t−1, RG,L,n,t−2 etc., see equation
(26)).7

As can be obtained from Figures (1) to (3), allowing for long-term government
debt does not change the results without POSA or with preferences over the face value
of total government debt (compare the black solid and dashed dotted lines, and the
magenta solid and dashed-dotted lines). However, with long-term debt, an increase in
government expenditure outside the ZLB (see Figure 3) reduces the price of long-term
government bonds (see the lower right panel, the magenta dashed dotted and crossed

7This equation can be obtained by combining the government budget constraint expressed in
terms of newly issued debt, given by bG,n,t =

(RL,t−1−1+α)
Πt

bG,t−1 + Gt − (Tt + τwwtNt + τCCt),
which corresponds to equation (13) in Krause and Moyen (2016), with equation (25).
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lines). With preferences over the market value of government debt (POSAMV), this
decline slightly increases the crowding out of private consumption. For an increase
government expenditure during the ZLB, but outlasting it with persistence λ, a
decline in the market price of government debt outside the ZLB depresses it also
inside the ZLB (see Figure 1). With POSAMV, the multiplier is therefore slightly
reduced. For instance, for λ = 1, it declines from 1 with POSA to 0.9 with POSAMV
(compare the fourth and fifth row of Table 4a., final row, respectively). Hence even
with preferences over the market value of safe assets, it remains the case that with
POSA, the multipliers of permanent and temporary government expenditure changes
during the ZLB become more alike.

4.5 Results with distortionary taxation in the fiscal rule

I now assume that the fiscal rule (13) adjusts distortionary labor taxes instead of
lump-sum taxes, implying that equation (13) is replaced by

τ̂w,t = τb (1− ρFIN) b̂G,t−1 + ρFIN τ̂w,t (36)

It turns out that this modification has only marginal effects on the effect of increasing
government expenditure outside the low state, the results are therefore omitted. By
contrast, for the perfectly timed expenditure increase in the low state, without POSA
the multiplier is much lower in the presence of distortionary taxation than without
(see Figure 4, the solid black line vs. the dotted black line). The reason why putting
distortionary taxation instead of lump-sum taxation into the fiscal rule reduces the
multiplier may be understood as follows. With lump-sum taxes in the fiscal rule,
for an expected length of the low state DL exceeding 7 quarters, real government
enters a downward trajectory lasting as long as the economy is in the low state
as a consequence of increased taxes revenues and higher inflation. With NOPOSA
and lump-sum tax adjustment, the expected decline of government debt and thus
taxes is irrelevant for the equilibrium values of the other variables. By contrast,
with distortionary taxation in the fiscal rule, such a downward trajectory of debt
would tend to persistently reduce the labor tax rate τw,t, the more so the longer the
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economy remains in the low state. However, such an expected persistent decline in the
labor tax rate would lower the expected marginal cost trajectory and thus inflation,
implying that the real interest would decline much less than with adjustment of
lump-sum taxes, implying that consumption would also be lower. Therefore the
equilibrium values of inflation and consumption are much lower with distortionary
taxation in the fiscal rule than without.8 By contrast, with POSA the effect of
putting distortionary taxation into the fiscal rule is marginal.

For a highly persistent increase in government expenditure (see Figure 5), with
NOPOSA the multiplier is substantially smaller than with POSA due to the negative
permanent-income effect discussed above. With distortionary taxation, this negative
permanent-income effect is even stronger because the fiscal expansion now implies
a persistently higher labor tax rate. Outside the low state, these tax dynamics im-
ply persistently lower labor supply than with lump-sum tax adjustment and thus
lower consumption. Correspondingly, due to consumption smoothing consumption
declines even more during the low state than with lump-sum tax adjustment. Hence
with NOPOSA, the multiplier of a permanent government expenditure increase de-
clines from 0.4 to 0.2 (compare the second and sixth row of Table 4a., column six).
By contrast, POSA virtually eliminates this additional permanent-income effect on
consumption during the ZLB, for the same reasons that it attenuates the permanent-
income effect of a larger future overall tax burden. Therefore the effect of assuming
labor tax adjustment on the fiscal multiplier is small with POSA.

5 Medium scale model with credit constraints

In this section I show that the above results become even stronger in the presence
of credit constrained households and firms. Since most of the model elements are
standard, I only describe some key elements and relegate a detailed description and
the calibration to Appendix E. As in Section 4.4, I assume that unconstrained house-
holds have preferences over the market value of their safe assets and that there are

8Correspondingly, if I assume that that outside the ZLB, the central bank implements a perfect
inflation target instead of following equation (14), putting distortionary taxation into the fiscal rule
does not change the result.
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Figure 4: Impact fiscal multiplier during the low state, perfectly timed gov. expen-
diture change (λ = 0), τw,t adjusts
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Note: The graph displays the impact effect of a government expenditure increase of 1% of GDP lasting exactly as
long as the low state (i.e.λ = 0). The horizontal axis depicts the expected duration of the low state DL = 1

1−µL
. All

other parameters are as in Table 2. “LTD” refers to the model with long-term government debt discussed in Section
4.4. “LTD, POSAMV|” refers the model with long-term debt and preferences over the market value of government
debt bG,t +Qb,G,L,tbG,L,t. “τw,t adjusts” refers to the case where the fiscal rule is given by equation (36), otherwise
the fiscal rule is given by equation (13). For more details on the legend and the units of the displayed variables, see
the note below Figure 1.

long-term government bonds. Household’s one quarter safe assets bt now include
both short term government debt bG,t and financial intermediary deposits bE,t (i.e.
bt = bG,t + bE,t). Hence their objective is given by
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Figure 5: Impact fiscal multiplier during the low state, persistent expenditure
increase(λ > 0), τw,t adjusts
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Note: The graph displays the impact effect of increasing government expenditure by 1% of GDP inside the low state,
with DL = 8 (i.e. µL = 0.875). The horizontal axis displays the probability λ that the stimulus persists after the
economy’s exit from the low state. All other parameters are as in Table 2. For details on the units of the displayed
variables see the note below Figure 1.
“LTD” refers to the model with long-term government debt discussed in Section 4.4. “LTD, POSAMV|” refers the
model with long-term debt and preferences over the market value of government debt bG,t + Qb,G,L,tbG,L,t. “τw,t
adjusts” refers to the case where the fiscal rule is given by equation (36), otherwise the fiscal rule equals (13).

Et

{
∞∑
i=0

βi

[
C1−σ
S,t+i

1− σ
− χN

1 + η
N1+η
t+i +

χb
1− σb

(bt+i +Qb,G,L,t+ibG,L,t+i)
1−σb

]}
(37)

Regarding the labor market, I assume that unconstrained households set their wage
in a monopolistically competitive labor market where they face wage adjustment
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costs of the form ξW
2

(
WS,t

WS,t−1

1
Π
− 1
)2

NS,jwS,t, where WS,t denotes the nominal wage.
Hence their FOCs are analogous to equations (29) to (32), except that bG,t is replaced
by bt. Furthermore, up to first order, their wage setting is governed by the familiar
New Keynesian wage Phillips Curve

ŵS,t =
1

1 + βS

(
κw

(
ηN̂S,t + σSĈS,t − ŵS,t

)
+ βSEtŵS,t+1 + βSEtΠ̂t+1 + ŵS,t−1 − Π̂t

)
(38)

where κw > depends negatively on the degree of wage adjustment costs ξW .
Constrained households may only consume their disposable income. They have

preferences over consumption CCC,t and labor NCC,t of the same form as uncon-
strained households, and face the same type of wage adjustment costs. Their wage
setting is thus analogous to unconstrained households.

The economy’s capital stock is owned by risk neutral entrepreneurs modeled as
in Bernanke et al. (1999) and Christiano et al. (2010), who rent it to retailers
producing the output good. They fund the capital stock using their own net worth
and loans from a financial intermediary. Their borrowing is subject to a costly state
verification (CSV) problem which implies positive relationship between the spread of
the entrepreneur’s expected return on capital EtR̂K

t+1 over the risk free rate R̂t and
entrepreneurial leverage φ̂E,t

EtR̂
K
t+1 − R̂t = χEφ̂E,t (39)

where χE > 0 if default is costly. EtR̂K
t+1 − R̂t is typically referred to as the cost of

external finance. In the short run, leverage and thus EtR̂K
t+1 − R̂t are mainly driven

by fluctuations in the value of an additional unit of capital Qt, since an increase in Qt

boosts entrepreneurial net worth and thus reduces leverage and the EtR̂K
t+1 − R̂t. A

decline in EtR̂K
t+1 implies that the entrepreneur discounts future rental income from

capital less heavily, which tends to raise Qt further. Entrepreneurs die with a fixed
probability, and in that event consume their net worth, implying that an increase in
Qt also raises their consumption CE,t. Further details on the entrepreneurial sector
can be obtained from Appendix E.3. Entrepreneurs buy new capital goods from
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capital goods producers (see Appendix E.4 for details).
I assume that the government adjusts the distortionary labor tax to ensure debt-

stationarity (i.e. the fiscal rule is given by 36). Finally, total consumption expendi-
ture and GDP given by

Yt

(
1− ξP

2

(
Πt

Π
− 1

)2
)

=CS,t + CCC,t + CE,t + It +Gt +
ξW
2

(
WCC,t

WCC,t−1

1

Π
− 1

)2

NCC,t
WCC,t

Pt

+
ξW
2

(
WS,t

WS,t−1

1

Π
− 1

)2

NS,t
WS,t

Pt

where It denotes investment.
The calibration of POSA is analogous to the simple model, in that I keep the

target value of θ = 0.96 (see Section 3) and continue to assume σb = 0.2. For details
on the calibration, see Appendix E.6.

5.1 Results

I compute results for the following model variants. “credit constraints” refers to the
model just described. By contrast, “no credit constraints”, refers to a model with-
out credit constraints on the firm side (in particular, χE = 0), no credit constrained
households and no entrepreneurial consumption (CCC,t = CE,t = 0), i.e. the wealth of
dying entrepreneurs is transferred to saver households. Thus in the absence of POSA,
the “no credit constraints” case is equivalent to a model where capital accumulation
is conducted by a representative household.

Without POSA, outside the ZLB the fiscal expansion crowds out private con-
sumption and investment (though a permanent government expenditure increase
may crowd in investment). Adding POSA to the model without credit constraints
has little effect on the multiplier outside the ZLB (See Figure 6, the solid magenta and
black lines, and Table 4b., column three, compare rows two and four of ). However,
POSA implies substantially less crowding out of private consumption, compensated
by a much larger crowding out of private investment due the increase in the expected
safe real interest rate, which is passed on to entrepreneurs.

Furthermore, without POSA, adding credit constraints increases the multiplier
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Figure 6: Medium scale model: Impact fiscal multiplier outside the ZLB
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Note: The graph displays the impact effect of increasing government expenditure by 1% of GDP outside the ZLB.
Government expenditure follows an AR(1) process with persistence λ. The impact on GDP, consumption, investment
and the bond price are expressed as a percentage of their respective steady state value. The impact on inflation
and the real interest rate are expressed in percentage points. The primary balance is expressed as a percentage of
GDP. The calibration is as in Table 5. “POSAMV” refers to the case with long-term debt and preferences over the
market value of safe assets bt+Qb,G,L,tbG,L,t, as discussed in section 5. “no credit constraints” refers the case of zero
bankruptcy costs and thus no financial accelerator (χE = 0) and no credit constrained households (αCC = 0), as
well as no entrepreneurial consumption. “credit constraints” indicates the presence of credit constrained households
and firms.

only if the increase in government expenditure is not too persistent (compare the
black solid and the black dotted line). For λ = 1, the multiplier remains virtually
unchanged, due to a substantially larger crowding out of unconstrained household
consumption than in the absence of credit constraints, triggered by the consumption
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increase of credit constrained households and entrepreneurs in response to the fiscal
expansion. By contrast, with POSA, the increase in the crowding out of uncon-
strained household consumption associated with adding credit constraints is smaller
than without POSA. Furthermore, credit constraints strongly reduce the crowding
out of investment expenditure observed with POSA, as the decline in entrepreneurial
leverage caused by higher revenues and a smaller capital stock reduce the pass-
through of the higher real risk free rate to the expected return on capital EtR̂K,t+1

(see equation 39), thus raising investment relative to the scenario without credit
constraints (where EtR̂K,t+1 = R̂t). Without POSA, there is no such boost to in-
vestment from credit constraints because unlike with POSA, the safe real rate does
not increase in the first place.

For a perfectly timed increase during the ZLB credit constraints strongly in-
crease the fiscal multiplier, in line with Freedman et al. (2010) and Carrillo and
Poilly (2013), both with and without POSA (see Table 4b., column 4, compare row
two and three. For results on other variables, see Figure 14). For an expenditure
increase outlasting the ZLB (see Figure 7), I continue to find that in the absence of
POSA, the multiplier declines strongly for high persistence (λ > 0.9), and especially
steeply in the presence of credit constraints, equaling 3.8 for a perfectly timed and
0.5 for a permanent expenditure increase (see Table 4b., row three, columns four
and five). By contrast, the observed decline of the multiplier is much more moderate
with POSA, implying multipliers of 3.3 and 2.9 for a perfectly timed and a perma-
nent expenditure increase, respectively (see row five of Table 4b., columns four and
five) Thus for a permanent expenditure increase, adding credit constraints raises the
multiplier by 2.7 with vs. 0.4 without POSA. The reason for the differential impact
of credit constraints for high λ is as follows. As discussed above, adding credit con-
strained households and firms increases the crowding out of unconstrained household
consumption outside the ZLB, but less so with POSA. Furthermore, with POSA, a
given crowding out of unconstrained household consumption outside the ZLB has
a smaller effect on on consumption within the low state due to the attenuation of
consumption smoothing implied by POSA. The associated higher trajectories of un-
constrained household consumption and inflation also tend to raise investment, as
well as constrained household consumption due to higher employment. Moreover, as
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discussed above, with POSA, credit constraints raise the value of physical capital Qt

outside the low state( by limiting the pass-through from the (permanently higher)
safe interest rateR̂t to R̂K,t), thus boosting it inside the low state as well.

Figure 7: Medium scale model: Impact fiscal multiplier during low state, persistent
expenditure increase(λ > 0)
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economy’s exit from the low state. For details on the units of the variables and the meaning of the legend see the
note below Figure 6.
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6 Conclusion

I examine the effect of fiscal policy at the ZLB if households have preferences over
safe assets (POSA). I calibrate the model consistent with evidence on household
saving behavior and individual discount rates and the effect of the supply of US
government debt on government bond yields. POSA attenuate the effect of changes
in the household’s permanent income on her consumption today, and implies a con-
sumption wealth effect from her government bond holdings. POSA therefore strongly
increases the multiplier of a permanent expenditure change, moving it much closer to
the multiplier of temporary expenditure changes. This result becomes even stronger
with credit constrained households and firms, in the sense that with POSA, credit
constraints strongly increase the multiplier regardless of whether the increase in gov-
ernment expenditure is permanent or temporary, while without POSA the increase is
much smaller for permanent expenditure changes. Part of the reason is that, without
POSA, adding credit constrained households and firms increases the crowding out of
unconstrained household consumption even more, but not with POSA.

The result that fiscal multipliers may be much less dependent on the path of gov-
ernment expenditure has important implications for fiscal policy during economic
downturns. More specifically, one of the arguments in favor of “front-loaded” perma-
nent expenditure cuts has been that the expectation of a lower future tax burden
would induce households to spend more if the expenditure cut is credible, thus sub-
stantially muting the adverse effect. My results show that this optimistic assessment
does not hold with POSA parameterized in line with microeconomic evidence on
intertemporal choices and macro-evidence on the relationship between government
debt and interest rates.
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A For online publication only: Data sources used

for the empirical targets in Tables 2 and 6

• Real Federal Funds rate: “Effective Federal Funds Rate, Percent, Monthly, Not
Seasonally Adjusted”, and “Consumer Price Index for All Urban Consumers:
All Items, Index 1982-1984=100, Monthly, Seasonally Adjusted”, both obtained
from FRED.

• Government debt-to-GDP ratio: “Gross Federal Debt as Percent of Gross Do-
mestic Product, Percent of GDP, Annual, Not Seasonally Adjusted”, obtained
from FRED.
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B For online publication only: Calibration of the

curvature of household preferences over wealth

This section describes the microsimulation I use to calibrate the wealth curvature
parameter for the case of the simple model of Section 2, but the procedure in the
model with credit constraints is fully analogous. For the purpose of the microsimu-
lation, I exogenize the saver households non-interest net income, as well as the real
interest rate, implying that her behavior is described by

bG,t =
R

Π
bG,t−1 + YH,t − Ct

Λt = C−σt (40)

Λt = βEt

{
Λt+1

R

Π

}
) + φb (bG,t)

−σb (41)

I then simulate a permanent increase in YS,t occurring in t = 1. I compute the
marginal propensity to save over a horizon of 6 years (24 quarters) as

MPSS,1−24 =
bG,24 − bG,0∑24

t=1 dYt
(42)

The reason for the six year horizon is that the empirical estimates of the MPS of
Kumhof et al. (2015) and Dynant et al. (2004) use data on saving rates which is
six years apart (see Kumhof et al. (2015) for further details on how to compute the
MPS in a way consistent with the empirical estimates). Finally, given the calibration
of the other parameters as described in section 3, I use σb to set MPSS,1−24 to the
empirical target value.

To compute the empirical counterpart of the model based value reported in Table
2b., for each quintile of the income distribution, I use the saving regression results
reported by Kumhof et al. (2015) to compute the MPS, following the procedure
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they describe in their Appendix A.1. (equation (14)). I used the regression results
they report in their Appendix C, Table 1 (second and third column), and the 1989
median income levels reported in Table 1 - 89-98 of the 2016 Survey of Consumer
Finances (SCF) for different percentiles of income. The reason for using 1989 SCF
data is that the saving regressions of Kumhof et al. (2015) are based on the 1989
and 1983 vintages of the SCF.

To compute the population average, I then averaged across the quintile specific
MPS using the 1989 incomes share of each quintile as weights. I calculate the income
share of each quintile using mean income of each quintile. This yields values of 0.34
and 0.3 (depending on the specific regression results used). Using instead the quintile
specific MPS estimates reported in Dynan et al. (2004), Figure 3, yields a value of
0.3.
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C For online publication only: Dynamic effect of a

government expenditure change during the low

state

Figure 8: Dynamic effect of perfectly timed gov. expenditure change during the low
state (λ = 0)
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Note: The graph displays the dynamic effect of a government expenditure increase of 1% of GDP lasting exactly
as long as the low state (i.e.λ = 0), conditional on the economy remaining inside the low state up until the quarter
indicated on the horizontal axis. I assume a mean duration of the low state of DL = 8 (i.e. µL = 0.875). All other
parameters are as in Table 2. For details on the legend and the units of the displayed variables see the note below
Figure 1.
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Figure 9: Dynamic effect of a permanent gov. expenditure change during the low
state (λ = 1)
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Note: The graph displays the dynamic effect of a permanent increase of government expenditure by 1% of GDP (i.e.
λ = 1), conditional on the economy remaining inside the low state up until the quarter indicated on the horizontal
axis. I assume a mean duration of the low state of DL = 8 (i.e. µL = 0.875). All other parameters are as in Table
2. For details on the legend and the units of the displayed variables see the note below Figure 1.
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Figure 10: Dynamic effect of perfectly timed gov. expenditure change during the
low state (λ = 0), τw,t adjusts
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Note: The graph displays the dynamic effect of a government expenditure increase of 1% of GDP lasting exactly
as long as the low state (i.e.λ = 0), conditional on the economy remaining inside the low state up until the quarter
indicated on the horizontal axis. I assume a mean duration of the low state of DL = 8 (i.e. µL = 0.875). All
other parameters are as in Table 2. “τw,t adjusts” refers to the case where the fiscal rule is given by equation (36),
otherwise the fiscal rule is given by equation (13). For more details on the legend and the units of the displayed
variables see the note below Figure 1.
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Figure 11: Dynamic effect of a permanent gov. expenditure change during the low
state (λ = 1), τw,t adjusts
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Note: The graph displays the dynamic effect of a permanent increase of government expenditure by 1% of GDP (i.e.
λ = 1), conditional on the economy remaining inside the low state up until the quarter indicated on the horizontal
axis . I assume a mean duration of the low state of DL = 8 (i.e. µL = 0.875). All other parameters are as in Table
2. “τw,t adjusts” refers to the case where the fiscal rule is given by equation (36), otherwise the fiscal rule is given by
equation (13). For more details on the legend and the units of the displayed variables see the note below Figure 1.

D For online publication only: State dependent Phillips

Curve slope

I now check whether the above results are robust to allowing for a flatter Phillips
curve during the low state. Trabandt and Linde (2018) argue that allowing for non-
linearities in price and wage setting allows New Keynesian models to replicate the
fact that inflation fell very little during the Great Recession against the backdrop
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of a large and persistent fall in GDP (sometimes referred to as “missing deflation
puzzle”). In their setup the non-linearity arises from a Kimball (1995) goods basket,
which combined with Calvo (1983) price setting contracts implies that the Phillips
Curve becomes much flatter during periods of very negative output gaps if the model
is solved non-linearly. In Trabandt and Linde (2019), they show that taking into
account these non-linearities tends to reduce the fiscal multiplier by reducing the
inflationary effects of a fiscal expansion, hence the associated decline in the real
interest rate and thus the crowding in of private household consumption. Therefore
I check whether my results are robust to allowing for a flatter Phillips curve during
the low state. Specifically, instead of assuming a constant slope κ, I allow the Phillips
curve slope to differ across states S and L, implying that the Phillips Curve becomes

Π̂L,t = κL(ŶL,t − ΓĜL) + β
[
µLΠ̂L,t+1 + (1− µL) Π̂S,t+1

]
(43)

Π̂S,t = κS(ŶS,t − ΓĜS,t) + βΠ̂S,t+1

I assume κS = κ and κL = κ
4
. For the perfectly timed expenditure increase, I find

that without POSA the multiplier is much lower due to a much smaller increase
in inflation and a smaller decline in the real interest rate, in line with Linde and
Trabandt (2019). For instance, for DL = 8, the multiplier declines from 1.4 to 1.1
(see Table 4a., compare rows two and nine). By contrast, with POSA, the impact
of allowing for a smaller PC slope has a much smaller impact since the increase in
inflation is smaller to begin with, and thus the impact of the smaller low-state Phillips
Curve slope on the multiplier is lower as well (compare rows 3 and 10). For instance,
for DL = 8, the multiplier declines by about 0.l. The same is true for an increase
in government expenditure outlasting the expected length of the low (compare rows
4 and 10 of Table 4a., and see Figure 13). Hence with POSA, allowing for a much
flatter Phillips curve during the low state has only a small effect on the multiplier.
Furthermore, it remains the case that POSA renders the multipliers of temporary
and permanent expenditure changes much more alike.
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Figure 12: Impact fiscal multiplier during low state, perfectly timed expenditure
change (λ = 0), state dependent Phillips curve slope
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Note: The graph displays the impact effect of a government expenditure increase of 1% of GDP lasting exactly as
long as the low state (i.e.λ = 0). The horizontal axis depicts the expected duration of the low state DL = 1

1−µL
. All

other parameters are as in Table 2. “State dependent PC slope” refers the scenario where the price Phillips Curve
slope differs across states (see equation (43)), with κS = κ and κL = κ

4
. For more details on the legend and the

units of the displayed variables see the note below Figure 1.

E For online publication only: Model with credit

constraints

E.1 Constrained households

Constrained households have preferences over consumption CCC,t and labor NCC,t of
the same form as unconstrained households. Their intertemporal utility function is
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Figure 13: Impact fiscal multiplier during low state, persistent expenditure increase
(λ > 0), state dependent Phillips curve slope
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Note: The graph displays the impact effect of increasing government expenditure by 1% of GDP inside the low state,
with DL = 8 (i.e. µL = 0.875). The horizontal axis displays the probability λ that the increase persists after the
economy’s exit from the low state. All other parameters are as in Table 2. “State dependent PC slope” refers the
scenario where the price Phillips Curve slope differs across states (see equation (43)), with κS = κ and κL = κ

4
. For

more details on the units of the displayed variables see the note below Figure 1.

given by

Et

{
∞∑
i=0

βiCC

[
C1−σCC
CC,t+i

1− σCC
− χN,CC

1 + η
N1+η
CC,t+i

]}
(44)

They can neither save nor borrow, implying that their budget constrained is given
by
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(1 + τC,t)CCC,t+TCC,t = (1− τw,t)NCC,t
WCC,t

Pt
− ξW

2

(
WCC,t

WCC,t−1

1

Π
− 1

)2

NCC,t
WCC,t

Pt
(45)

Correspondingly, their real wage is determined by a Phillips Curve of the same form
as equation (38).

E.2 Retailers

The production function of retailers becomes

Yj,t = AtN
(1−αK−αCC−αE)
S,j,t NαCC

CC,j,tN
αE
E,j,tK

αK
j,t (46)

where NS,t, NCC,t and NE,t denote unconstrained, constrained and entrepreneurial
household labor, respectively. As in the simple model, retailers face convex price
adjustment costs (equation 8) and there are economy wide markets for all factors of
production, implying that marginal costs are identical across firms. The retailer’s
FOCs with respect to the three labor types and physical capital are given by

wS,t = mct (1− αK − αCC)
Yt
NS,t

(47)

wCC,t = mctαCC
Yt

NCC,t

(48)

wE,t = mctαE
Yt

NCC,t

(49)

rK,t = mctαK
Yt
Kt−1

(50)

while price setting continues to be governed by equation (11).

E.3 Financial accelerator

The entrepreneurial sector follows Bernanke et al. (1999) and Christiano et al.
(2010). Risk neutral entrepreneurs accumulate the physical capital stock Kt and
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rent it to retailers. After the collection of rental income, they liquidate their capital
stock at price Qt. Their average period t return on capital RK,t is thus given by

RK,t = Πt
(1− τK) rK,t + δτK +Qt (1− δ)

Qt−1

(51)

where rK,t denotes the rental rate on physical capital paid by retailers. Entrepreneurs
fund their capital stock using their own end of period net worth NWt and a loan bE,t
from a financial intermediary, with

bE,t = QtKt −NWt (52)

Following Christiano et al. (2010), I assume a nominal (i.e. non-inflation indexed)
debt contract. The t + 1 return on capital of the individual entrepreneur j is given
by ωjRK,t+1 where where j indexes the entrepreneur, and ωj denotes a log-normally
distributed idiosyncratic shock with mean 1 and variance σ2

ω. The debt contract
is state contingent such that the loan interest rate adjusts after the realization of
aggregate uncertainty in period j such that the financial intermediary always earns
an average return of Rt on his portfolio. The default threshold ωt for ωj,t is given by

RL
t+1 (QtKt −NWt)

RK,t+1QtKt

= ωt (53)

where RL
t+1 denotes loan rate to be adjusted depending on the aggregate state. In

case of default, the financial intermediary seizes a fraction (1− µ) of the assets of
the entrepreneur RK,t+1KtQtPt, while the remainder represents a monitoring costs.
As shown in Bernanke et al. (1999), in equilibrium the debt contract passes this
cost on to the entrepreneur. As a result, the entrepreneur’s FOCs require a positive
relationship between the spread of the entrepreneur’s expected return on capital
EtR̂

K
t+1 over the risk free rate R̂t and entrepreneurial leverage:

EtR̂
K
t+1 − R̂t = χE

(
Q̂t + K̂t − ˆNW t

)
(54)

EtR̂
K
t+1 − R̂t is typically referred to as the cost of external finance (for details see

Bernanke et al. (1999)). If µ >0, χE > 0 as well.
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Each period a fraction 1 − γ of entrepreneurs dies and consumes its net worth,
and is replaced with a fraction of newly born entrepreneurs. This assumption assures
that entrepreneurs never become fully self-financing. Entrepreneurs supply one unit
of labor to retailers at wage wE,t, which allows newly born entrepreneurs to start
their operations. Thus NWt and entrepreneurial consumption CE,t are given by

NWt = γVt + wE,t (55)

CE,t = (1− γ)Vt (56)

where Vt denotes beginning of period net worth, which is in turn determined as

Vt = Qt−1Kt−1
RK,t

Πt

(1− µG (ωt))−
Rt−1

Πt

(Qt−1Kt−1 −NWt−1) (57)

where µG (ωt) represents the average fraction of bankruptcy costs in total period
t entrepreneurial assets Qt−1Kt−1. G (ωt) denotes the product of expectation of ωj
conditional on ωj < ω̄t and the average bankruptcy rate F (ω̄t) (see Bernanke et al.
(1999) for details.

E.4 For online publication only: Capital goods producers

I assume that capital goods producers produce It units the capital good using It +
ξI
2

(
It

Kt−1
− δ
)2

Kt−1 units of the output good, with ξI > 0, taking the aggregate
economy wide capital stock Kt−1 as given. Their FOC is given by

1 + ξI

(
It

Kt−1

− δ
)

= Qt (58)

E.5 Government

The monetary policy rule now allows for interest rate smoothing:

R̂t = max

(
(1− ρR)

(
φπΠ̂t +

φy
4

(
Ŷt − Ŷ ∗t

)
− εb,t

)
+ ρRR̂t−1, R̂L

)
(59)
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The government budget constrained remains unchanged but for the presence of cap-
ital income tax revenue:

bG,L,t =
RL,t−1

Πt

bG,L,t−1+Gt−(Tt + τw,t (wCC,tNCC,t + wS,tNS,t) + τC,tCt + τK,t ((rK,t − δ)Kt−1))

(60)
I assume that the government adjusts the distortionary labor tax to ensure debt-
stationarity (i.e. the fiscal rule is given by 36).

E.6 Calibration

Table 5 displays the calibration. The column “credit constraints” refers to the model
as developed in Sections 5 and E.1 to E.5. By contrast, “no credit constraints”, refers
to a model without credit constraints on the firm side (in particular, µ = χE = 0)

and no credit constrained households (αCC = 0), as well as no entrepreneurial con-
sumption (CE,t = 0), i.e. the wealth of dying entrepreneurs is transferred to saver
households. In the absence of POSA, the “no credit constraints” case is equivalent
to a model where capital accumulation is conducted by a representative household.

If not otherwise mentioned, the calibration of both models remains as in Section
3. I set the price and wage markup coefficients κπ and κw and the monetary policy
rule parameters φπ, φy and φi to the estimates of Linde et al. (2016).9 I set the
capital adjustment cost curvature parameter ξI to 7 as estimated by Cummins et
al. (2006). I take the survival probability of entrepreneurs γ from Bernanke et al.
(1999). Given these choices, I calibrate 11 parameters (β, µp, αK , αCC ,αE, µ, σω, the
target debt-to-GDP ratio implicit in the fiscal rule, G

Y
, χb, σb, marked with a *) in

order to set the steady state values of important model variables close to averages of
their counterparts in the data or the available empirical evidence, which are reported
in Table 5. In the NOPOSA model with credit constraints, there are 9 empirical
targets are the average real Federal Funds rate, the government expenditure share,
the government debt-to-annual-GDP ratio, the non-residential private investment
share, the non-farm business labor share, a measure of the external finance premium,

9See their Table 5.1, column 2. These estimates take into account the ZLB on the nominal rate,
which tends to increase the degree of nominal rigidity.
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a measure of the entrepreneurial bankruptcy rate, non-financial firm leverage QK
NW

and the income share of “Hand to mouth” households (as estimated by Kaplan and
Violante (2014)). The calibration of the parameters related to the financial friction
imply an elasticity of the expected return to capital to entrepreneurial leverage χE
of 0.053.

Regarding POSA, I keep the target value of the “discounting wedge” θ at 0.96
and the wealth utility curvature parameter σb at 0.2. In the context of this more
elaborate model, σb = 0.2 represents a conservative calibration of the wealth effect
associated with government debt in the model with POSA, considering the available
macro- and microevidence, for the following reasons. Firstly, the implied effect of a
one percentage point increase in the government debt-to-annual-GDP ratio on the
natural interest rate 4dR̂f

db̂G,f
4

now equals 0.025, less than in the simple model and at the

lower end of available empirical estimates. The reason is that in the long run, the
increase in the interest rate on safe assets triggered by the increase in the government
debt-to-GDP ratio is passed on to entrepreneurs and thus crowds out entrepreneurial
debt bE,t, implying that the overall increase of the household safe asset holdings bt
and thus Rt is smaller than in a model where government debt is the only safe asset.
Secondly, and similarly, the effect on the spread between the return on private cap-

ital and the safe interest rate in the flexible price economy
4d(R̂K,f−R̂f)

db̂G,f
4

is somewhat

more negative than the estimate of Krishnamurthy and Vissing-Jorgenson (2012) of
the effect of an increase in the debt-to-GDP ratio on the spread between BAA rated
bonds and long-term treasury bonds. Thirdly, at the micro level, the adopted cali-
bration of POSA implies that saver household have a marginal propensity to save of
0.61 out of an increase in their permanent-income in a partial equilibrium simulation
(see Appendix B for details). Their income share of 71% would suggest that they
correspond approximately to the top 40% of households, for which I compute an
empirical MPS of 0.35-0.4 based on the evidence of Kumhof et al. (2015) and Dynan

et al. (2004). Assuming a higher value for σb would increase 4dR̂f
db̂G,f

4

and
4d(R̂K,f−R̂f)

db̂G,f
4

and reduce the MPS of unconstrained households, thus moving these statistics closer
towards their respective empirical range, and raise the multiplier of a permanent
expenditure increase during the ZLB.
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Table 5: Medium scale model: Calibration
Parameter Parameter name Model “credit constraints” Model “no credit constraints”

NOPOSA POSA NOPOSA POSA
β Household discount factor 0.9955* 0.9557* 0.9955* 0.9557*

σ Curvature consumption 1

η Curvature labor disutility 2.0

κπ Markup coefficient price Phillips curve 0.0121

κw Markup coefficient wage Phillips curve 0.0121

µp Steady state price markup 1.25*

αK Elasticity of output w.r.t. capital 0.24* 0.19*

αCC Elasticity of output w.r.t. constrained HH labor 0.3* 0*

αE Elasticity of output w.r.t. entrepreneurial labor 0.02* 0.0597

ξI Capital adjustment cost curvature 7

µ Bankruptcy costs 0.15* 0

σω Idiosyncratic uncertainty 0.28* 0.28

γ Survival probability of entrepreneurs 0.978

τC Consumption tax rate 0.07

τw Labor tax rate 0.28

τK Capital tax rate 0.3

τb Fiscal rule, long-run response to debt R
Π
− 1 + 0.05

ρb Fiscal rule, inertia 0.98

bG
4Y

Fiscal rule, target debt-to-annual GDP ratio 0.64*
G
Y

Steady state government expenditure share 0.2*

φπ Taylor rule inflation 1.9

φy Taylor rule output gap 0.4
4

ρR Taylor rule interest rate smoothing 0.82

σb Curvature POSA 0.2*
Note: Parameter values labeled with a * are calibrated such that the steady state values of the variables listed
in Table 6 correspond to their empirical counterparts. Given the target for θ and the calibration of the other
parameters, the bond utility weight χb does not matter for the linearized model dynamics and is therefore not
reported. The label “no credit constraints” refers to the case of zero bankruptcy costs and thus no financial accel-
erator (in particular, µ = χE = 0) and no credit constrained households (αCC = 0), as well as no entrepreneurial
consumption

(
CE,t = 0

)
, i.e. the wealth of dying entrepreneurs is transferred to saver households.
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E.7 Further results medium scale model

Figure 14: Medium scale model: Impact fiscal multiplier during low state, perfectly
timed gov. expenditure change(λ = 0)
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Note: The graph displays the impact effect of increasing government expenditure by 1% of GDP inside the ZLB
only. The horizontal axis depicts the expected duration of the low state DL = 1
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. For details on the units of the

variables and the meaning of the legend see the note below Figure 6.
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Figure 15: Medium scale model: Dynamic effect of perfectly timed gov. expenditure
change during the low state (λ = 0)
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Note: The graph displays the dynamic effect of increasing government expenditure by
1% of GDP during the low state only (λ = 0), conditional on the economy remaining
inside the low state up until the quarter indicated on the horizontal axis. I assume a
mean duration of the low state of DL = 8 (i.e. µL = 0.875). For details on the units
of the variables and the meaning of the legend see the note below Figure 6.
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Figure 16: Medium scale model: Dynamic effect of a permanent gov. expenditure
change during the low state (λ = 1)
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Note: The graph displays the dynamic effect of a permanent increase of government
expenditure by 1% of GDP, conditional on the economy remaining inside the low state
up until the quarter indicated on the horizontal axis. I assume a mean duration of
the low state of DL = 8 (i.e. µL = 0.875). For details on the units of the displayed
variables see the note below Figure 6.
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