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Abstract

I develop a New Keynesian model with preferences over safe assets (POSA) calibrated using

evidence on the wedge between household discount rates and market interest rates. POSA

attenuate intertemporal consumption smoothing and thus the household’s responsiveness to future

interest rates, the more so the more distant in time they are located, and imply a consumption

wealth effect. Therefore, POSA substantially lower the macroeconomic effect of forward guidance

policies. By contrast, POSA does not substantially change the effect of the standard shocks of
Smets/Wouters (2007) type DSGE models. The results carry over to a model with Iacoviello

(2005,2014)-type collateral constraints. Such constraints in themselves tend to strongly amplify the

effect of forward guidance.

JEL codes: E52; E62; E32

Keywords: Forward guidance puzzle; preferences over safe assets; monetary policy; collateral
constraints.

Author:
Ansgar Rannenberg, National Bank of Belgium – e-mail: ansgar.rannenberg@nbb.be

I would like to thank Dennis Bonam, Gregory de Walque, Philip Lane, Jesper Linde, Matija Lozej,
Reamon Lydon, Bartosz Mackowiak, Gerard O’Reilly, Mathias Trabandt, Joris Wauters and
Raf Wouters.

The views expressed in this paper are those of the authors and do not necessarily reflect the views
of the National Bank of Belgium or any other institutions to which the authors are affiliated.



NBB WORKING PAPER No. 364 – JANUARY 2019



NBB WORKING PAPER – No. 364 – JANUARY 2019

TABLE OF CONTENTS

1. Introduction ........................................................................................................................ 1

2. The simple model ............................................................................................................... 4
2.1 Households .......................................................................................................................... 4
2.2 Retailers .............................................................................................................................. 7

2.3 Government ......................................................................................................................... 8

2.4 Equilibrium ........................................................................................................................... 9

2.5 Linearized equations .......................................................................................................... 10

2.6 Calibration.......................................................................................................................... 10

3. Simulation setup .............................................................................................................. 15

4. Results in the simple model ............................................................................................ 16
4.1 Results with a constant capital stock .................................................................................. 17

4.2 Results with variable physical capital .................................................................................. 20

4.3 Long-term governments bonds ........................................................................................... 20

4.4 POSA and standard shocks ............................................................................................... 23

5. Forward guidance with collateral constraints and POSA............................................... 25

6. Conclusion ....................................................................................................................... 26

References .................................................................................................................................. 27

Figures and tables ....................................................................................................................... 32

National Bank of Belgium - Working papers series ....................................................................... 73



NBB WORKING PAPER No. 364 – JANUARY 2019



1 Introduction

The goal of this paper is to address the so called “Forward Guidance Puzzle”. This
term refers to 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 fixed interest rate period (see Del Negro et al. (2015a) and Carlstrom
et al. (2015)). In this paper, I show that Preferences Over Safe Assets (POSA)
considerably mitigate the puzzle.

The main motivation for POSA is liquidity preference. Krishnamurthy and
Vissing-Jorgenson (2012) provide evidence that liquidity preference may extend to
assets with a positive yield if they have money-like qualities. An alternative moti-
vation 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), Dynant
et al. (2004), Francis (2009) and Kumhof et al. (2015) as well as their literature
review). Finally, POSA allow to accommodate the finding that empirical estimates
of individual discount rates typically exceed the market interest rates relevant for
the inter-temporal choice studied to elicit them. A long literature has confirmed the
finding of high individual discount rates (see Frederick et al. (2002)).

I parameterize the POSA by drawing on this empirical evidence. In line with
the existing literature, I find that without POSA, GDP and inflation increase expo-
nentially in the length of the announced interest rate peg. However, with POSA,
the effect is substantially muted, and for reasonable calibrations becomes linear or
even concave in the length of the interest rate peg. The reason for the attenuation is
twofold. Firstly, POSA implies that the marginal utility of today’s consumption is
governed not merely by the discounted expected marginal utility of future consump-
tion but also by the marginal utility of safe assets. This attenuation of intertemporal
consumption smoothing compounds the more distant in time a given future consump-
tion choice is located, and implies a smaller effect of future interest rates on current
consumption. Secondly, with declining marginal utility from real safe assets, the
household aims to smooth her asset holdings, which implies a “wealth effect” of real
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safe assets on consumption. This “wealth effect” further attenuates the expansionary
effect of forward guidance, as the policy lowers real government debt and thus the
real safe asset holdings of households by reducing the government budget deficit and
increasing inflation. The associated increase in the marginal utility of government
bonds motivates the household to save more. My results are robust to allowing for
long-term government debt as in Krause and Moyen (2016). Furthermore, I show
that the impact of POSA on the effect of the standard shocks typically used in the
DSGE literature is small.

My findings thus differ from Campbell et al. (2016), who also develop a model
with POSA, but report that extending an interest rate peg ultimately leads to an
explosive increase of GDP and inflation. I obtain a different result because I param-
eterize POSA based on empirical evidence on household discount rates and because I
drop Campbell et al. (2016)’s assumption of constant government debt, thus allowing
for the aforementioned “wealth effect”.

Finally, I examine the effect of forward guidance in a model with collateral-
constrained borrower households and firms along the lines of Iacoviello (2005, 2014)
and Iacoviello and Neri (2010), which to my knowledge has not been done so far. This
environment is relevant because credit market frictions were arguably responsible for
the length and depth of the Great Recession and the slow ensuing recovery (see
Iacoviello (2014), Del Negro et al. (2015b), Cai et al. (2018)), thus giving rise to
the need for forward guidance policies in the first place. I show that the presence of
binding collateral constraints considerably amplifies the effect of forward guidance.
The reason is that the income share of the constrained agents increases in response
to the policy. I find that POSA considerably attenuate the effect of the policy even
in this environment.

My paper is -as far I am aware- the first to show how POSA can solve the
"Forward Guidance Puzzle".1 More recently, Michaillat and Saez (2018) show that
under certain parameter restrictions -i.e. utility discount rates of 20-40% (annualized

1Most of the results as well as my approach to parameterize POSA based on evidence on
the wedge between individual discount rates and market interest rates were already present
in an earlier version of the paper circulated as “The effect of fiscal policy and forward
guidance with preferences over wealth”, which was available online as of May 2017, see
http://programme.exordo.com/iea2017/delegates/presentation/52/.
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percentage rate) or higher, and very sticky prices-, a stylized New Keynesian model
with POSA has a determinate zero lower bound steady state. Based on a qualitative
dynamic analysis, they argue, inter alia, that there is no "Forward Guidance Puzzle"
around this steady state if monetary policy announces the accommodation of an
expected demand shock. As I discuss in Section 2.6, my findings regarding the
attenuative effects of POSA do not depend on the parameter restrictions they assume.
Furthermore, I allow for the “wealth effect”, which they eliminate by assuming real
safe assets are in zero net supply, and investigate the role of long-term government
debt and collateral constraints. Finally, their results are difficult to compare to mine
or the literature because they do not compute the (numerical) differential effect of
the announced monetary accommodation.

Other important contributions to the literature on the "Forward Guidance Puz-
zle" include Del Negro et al. (2015a), who address the puzzle by assuming a
Blanchard-Yaari type perpetual youth structure to limit the horizon of unconstrained
households. However, in order to achieve a quantitatively important attenuation of
the effect of forward guidance, they also have to assume counterfactually high death
rates (see McKay et al. 2017).

Finally, there is an ongoing debate on whether heterogenous agents incomplete
market models are subject to the "Forward Guidance Puzzle". McKay et al. (2016)
develop a New Keynesian incomplete markets model where agents respond less to
future real interest rates for fear of running up against their borrowing constraint
in the future. However, Werning (2015) argues that this lower sensitivity to fu-
ture interest rate changes is not a consquence of the incomplete market assumption
per se, but relates to other, auxiliary assumptions of McKay et al. (2016), which
render idiosyncratic income risk procyclical and liquidity counteryclical.2 Werning
(2015) argues that with either countercyclical income risk or procyclical liquidity,
consumption becomes even more sensitive to current and future interest rates than
in a representative agent model.

The remainder of the paper is organized as follows. In Section 2, I develop a
2 According to Werning (2015), income risk becomes procyclical because McKay et al. (2016)

assume that firm profits, which are not subject to idiosyncratic uncertainty, and relative to labor
income are countercyclical, and distributed equally across agents. Hence the share of an agent’s
income subject to idiosyncratic uncertainty increases during a boom.
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simple New Keynesian model where households have POSA. Section 3 describes how
I simulate the forward guidance policy. I maintain this setup throughout the paper.
Section 4 discusses the effect of forward guidance in the simple model and a number of
variants thereof. It also examines the impact of POSA on the effect of the standard
shocks typically assumed in estimated DSGE models. Section 5 summarizes the
model with Iacoviello (2005, 2014) type collateral constrained households and firms
and the effect of forward guidance in this framework, while details are relegated to
Appendix E.

2 The simple model

The model consists of households who have preferences over safe assets (POSA),
retailers operating under monopolistic competition and sticky prices, a government
and a central bank.

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

∞∑
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 provide
supporting evidence in the form of a positive relationship between the supply of US
government debt and the differential between its yields and the yield of other debt-
securities. 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 asso-
ciated with wealth. Several authors have argued that such preferences are necessary
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to replicate the saving behavior of rich households in US data, namely the positive
marginal propensity to save out permanent income changes (see Dynant et al. 2004)
and Kumhof et al. 2014), and the level of wealth held by rich households relative to
their disposable income (Carroll 2000 and Francis 2009).

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

bG,t+(1 + τC)Ct+It =
Rt−1

Πt

bG,t−1+(1− τw)wtNt−Tt+Ξt+((1− τK) rK,t + τKδ)Kt−1

(2)
where It, Πt, Rt, wt, Ξt, rK,t, δ, Tt, τC , τw and τK denote investment, 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, the real capital rental, the rate
of depreciation, and lump sum, consumption, labor and profit taxes, respectively.
I assume that physical capital depreciation can be deducted from taxable profit
income. 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 safe bonds at
the end of period t. Physical capital accumulation is subject to quadratic investment
adjustment costs and is given by

Kt = (1− δ)Kt−1 + It

(
1− ξI

2

(
It
It−1

− 1

)2
)

(3)

with ξI > 0. The first order conditions (FOCs) of the household with respect to
government bonds, consumption, labor, physical capital and investment are given by
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Λt = βEt

{
Rt

Πt+1

Λt+1

}
+ χb (bG,t)

−σb (4)

Λt (1 + τC) = C−σt (5)

(1− τw)wtΛt = χNN
η
t (6)

Qt = βEt

{
Λt+1

Λt

[(1− τK) rK,t+1 + τKδ + (1− δ)Qt+1]

}
(7)

1 = Qt

[
1− ξI

2

(
It
It−1

− 1

)2

− ξI
(

It
It−1

− 1

)]
(8)

+βEt

{
Λt+1

Λt

(
It+1

It

)2

ξI

(
It+1

It
− 1

)
Qt+1

}

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

represents 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
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 as 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 (9)

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 (4), which yields
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Λ̂t = θ
[
R̂t − EtΠ̂t+1

]
+ θEtΛ̂t+1 − (1− θ)σb

Y

bG
b̂G,t (10)

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). The potential
consequence of this attenuation of consumption smoothing for forward guidance can
be sensed by iterating equation (10) ad infinitum:

Λ̂t = Et

{
∞∑
i=0

θi
[
θ
(
R̂t+i − Π̂t+1+i

)
− (1− θ)σb

Y

bG
b̂G,t+i

]}
(11)

In the absence of POSA (θ = 1 ⇔ χb = 0 ), a cut of the nominal interest rate
taking place in some future quarter t + i, and lasting for one quarter (i.e. a cut of
R̂t+i), has the same effect on the period t marginal utility of consumption (and thus
consumption itself) as a cut of R̂t. By contrast, with POSA (θ < 1 ⇔ χb > 0) ,
the effect of an interest rate cut in period t + i equals θi+1, which declines in i and
converges to zero as i approaches infinity.

Finally, with declining marginal utility from safe assets (θ < 1 and σb > 0), a
decline in the household’s government bond holdings will tend to lower her consump-
tion, as the household attempts to smooth not just consumption but also her real
safe asset holdings.

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
Rottemberg (1983) type quadratic price adjustment costs, which are given by
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AC (j)P,t = Yt (j)
ξP
2

(
P (j)t
P (j)t−1

1

Π
− 1

)2

(12)

where ξP > 0 denotes the adjustment cost curvature. Retailers employ labor as well
as capital using a Cobb Douglas technology:

Y (j)t = AtN (j) 1−αK
t K (j)αKt (13)

I assume that physical capital is freely tradeable across firms, implying that each
firm faces identical marginal costs. The first order conditions with respect to labor
and physical capital thus imply

wt = mct (1− αK)
Yt
Nt

(14)

rK,t = mctαK
Yt
Kt−1

(15)

where mct denote real marginal costs of production.
Finally, optimal price setting implies that up to first order, inflation evolves ac-

cording to the familiar New Keynesian Phillips curve

Π̂t = κπm̂ct + βEtΠ̂t+1 (16)

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

2.3 Government

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

bG,t =
Rt−1

Πt

bG,t−1 +G− (Tt + τwwtNt + τCCt + τK ((rK,t − δ)Kt−1)) (17)
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where G denotes government expenditure on goods and services. Lump sum taxes
Tt follow the fiscal rule

T̂t = τbb̂G,t−1 (18)

where the hat above lump sum taxes and debt denotes the respective deviation from
its steady state as a percentage of steady state GDP, with τb > 0. Government
expenditure remains constant in all simulations. The attenuation of the macroeco-
nomic effect of forward guidance associated with POSA to be discussed in Section 4
is robust to specifying the fiscal rule in terms of distortionary labor or consumption
taxes instead of lump sum taxes (results are available upon request).

Monetary policy is described by the following interest feedback rule:

R̂t = (1− dp,t)
(

(1− φi)
(
φπΠ̂t +

φy
4

(
Ŷt − Ŷ p

t

))
+ φiR̂t−1

)
+ dp,tR̂p,t (19)

where Ŷ p
t denotes flexible price output, and dp,t denotes a dummy variable which

takes a value of one if the Central Bank decides to switch off the interest feedback
rule and instead peg the interest rate to R̂p,t, and equals 0 otherwise.

2.4 Equilibrium

The labor market clears. GDP is the sum of household and government consumption,
investment and the cost of price adjustment:

Yt = Ct +Gt + It + Y t
ξP
2

(
Πt

Π
− 1

)2

(20)
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2.5 Linearized equations
Linearizing equations (4) to (7) and (13) to (20) yields

Ŷt =
C

Y
Ĉt +

I

Y
Ît (21)

Ĉt = −θ
1

σ

[
R̂t − EtΠ̂t+1

]
+ θEtĈt+1 + (1− θ)

σb

σ

Y

bG
b̂G,t (22)

Q̂t = σ
(
Ĉt − EtĈt+1

)
+ β (1− τK) rKEtr̂K,t+1 + β (1− δ)EtQ̂t+1 (23)

Ît =
1

1 + β

(
Ît−1 + βEtÎt+1 +

Q̂t

ξI

)
(24)

Π̂t = κπm̂ct + βEtΠ̂t+1 (25)

ŵt = m̂ct + Ŷt − N̂t (26)

ŵt = σĈt + ηN̂t (27)

Ŷt = (1− αK) N̂t + αKK̂t−1 (28)

K̂t = δÎt + (1− δ) K̂t−1 (29)

b̂G,t =
R

Π
b̂G,t−1 +

bG

Y

R

Π

(
R̂t−1 −Πt

)
− (30)(

T̂t + τw
wN

Y

(
ŵt + N̂t

)
+ τC

C

Y
Ĉt + τK

[
K

Y

(
(rK − δ) K̂t−1 + rK r̂K,t

)])
R̂t = (1− dp,t)

(
(1− φi)

(
φπΠ̂t +

φy

4

(
Ŷt − Ŷ pt

))
+ φiR̂t−1

)
+ dp,tR̂p,t (31)

T̂t = τbb̂G,t−1 (32)

where a hat above a variable denotes the deviation of that variable from its own
steady state value, with the exception of T̂t, Ĝt and b̂G,t, which are expressed as a
percentage of steady state GDP. Note that without POSA (θ = 1), the model reduces
to the familiar New Keynesian model.

2.6 Calibration

Table 1 displays the calibration. I assume log preferences over consumption (σ = 1),
and a Frisch elasticity of labor supply of 4 (η = 0.25), as estimated by Smets and
Wouters (2007) for a variant of their model without nominal wage stickiness. I assume
a steady state price markup µp of 1.1. I set the tax rates on labor, consumption
and capital to the estimates of Trabandt and Uhlig (2011). I set the investment
adjustment cost curvature ξI , the price markup coefficient κπ and the monetary
policy rule parameters φπ, φy and φi to the estimates of Linde et al. (2016).3 I set

3See their Table 3.2.
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τb to a small value sufficient to guarantee debt stationarity.
Given these choices, I calibrate some parameters in order to set the steady state

values of important model variables close to long run averages of their counterparts
in the data, which are reported in Table 1. Given the assumed empirical target for
θ (= βR

Π
), to be discussed below, the target for the steady state real interest rate

determines the household discount factor β. The empirical targets for the labor
share, the government debt to GDP ratio and the share of government expenditures
on goods and services in GDP determine the elasticity of output w.r.t. physical
capital αK , the debt target implicit in the fiscal rule and G

Y
, respectively.

Regarding the household’s POSA, I use the weight on safe assets in the household
utility function χb to set the discounting wedge θ to a target value. For instance,
the case without POSA corresponds to θ = 1/χb = 0. Campbell et al. (2016)
assume θ ≈ 0.99. My preferred value is 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 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.4 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, 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).

4More formally, rearranging equation (4) 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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Table 1: Parameters and Targets
Parameter Parameter name Value

β Household discount factor for θ = 1; 0.99; 0.96 0.9955; 0.9856; 0.9557*

σ Curvature consumption 1

η Curvature labor disutility 0.25

σb Wealth curvature 0; 1/3; 1

κπ Price markup coefficient Phillips curve 0.02

µp Steady state price markup 1.1

αK Output elasticity w. r. t. capital 0.335*

δ With variable physical capital: Depreciation rate 0.025

ξI With variable physical capital: Investment adjustment cost 5.5

τC Consumption tax rate 0.05

τw Labor tax rate 0.28

τK Capital tax rate 0.36

τb Fiscal rule, response of lump sum taxes to debt level R
Π
− 1 + 0.05

bG
4Y

Fiscal rule, target debt-to-annual GDP ratio 0.615*
G
Y

Steady state government expenditure share 0.2*

φπ Taylor rule inflation 2.0

φy Taylor rule output gap 0.4/4

φi Taylor rule interet rate smoothing 0.82

Empirical target Model counterpart Value model Value data Source

Real short-term interest rate
(
R
Π

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

Government expenditure share G
Y

0.2 0.2 BEA

Government debt-to-GDP ratio bG
4Y

0.615 0.615 FRED

Non-farm business labor share Nw
Y

0.61 0.61 Bureau of Labor Statistics

Discounting wedge θ = βR
Π

1.0; 0.99; 0.96 0.96 See note below.

Semi-elasticity demand safe assets w.r.t.
(

4R̂t
)

θ
1−θ

1
σb

1
4

6.0 5.0 Ball (2001)
Note:

• Parameter values labeled with * in the first table were calibrated such that the steady state values of the
variables listed in the second table correspond to their empirical counterparts.

• The three values of β and θ correspond to the cases of “No POSA , θ = 1”; “POSA , θ = 0.99, as assumed by
Campbell et al. (2017)”; “POSA, θ = 0.96”, based on the evidence on θ reported in Table 2.

• 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.

• All empirical targets are averages over the years 1981-2014 or the longest available subsample. For more
details on the data sources see Appendix A.

• I computed the price markup coefficient κπ based on the estimates reported in Table 3.2 of Linde et al.

(2016) using the following expression (using their notation) κπ =
(1−ξpβγ1−σC )(1−ξp)

ξp(1+(φp−1)εp)
.
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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 2). These range from trading off the energy
efficiency and price of household appliances (eg. Hausman 1979, Gately 1979, Ruder-
man et al. 1984) to the choice between different types of severance packages (Warner
and Pleeter 2001), as well as field experiments where probants choose between a pay-
ment today and a larger deferred payment (Harrison et al. 2002). As can be obtained
from Table 2, 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%.5 What is more, the discount rate estimates also
typically exceed safe interest rates with a comparable maturity observed 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.6 My calibration of θ is thus at the upper end of what is implied
by the evidence listed in Table 2.

I assume log-preferences over safe assets (σb = 1), which is consistent with a
balanced growth path. Furthermore, this calibration is also consistent with Krishna-
murthy and Vissing-Jorgenson (2012)’s argument that treasury bonds have money
like qualities, because θ = 0.96 and σb = 1 imply a semi-elasticity of the demand for
bonds with respect to the (annualized) safe interest rate of 6.0 in the model.7 This

5See 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.

6The 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.

7The bond demand semi-elasticity with respect to the annualized interest rate is given by
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value is close to estimates of the semi-elasticity of money demand with respect to the
opportunity costs of holding money by Ball (2001). However, below I also consider
smaller values of σb to illustrate the role of the “wealth effect” implied by POSA.

Finally, as mentioned in the introduction, my calibration would violate the pa-
rameter restrictions which according to Michaillat and Saez (2018) are required to
solve the "Forward Guidance Puzzle" by way of creating a determinate zero lower
bound steady state. Specifically, their assumption (4) requires

(
1
β
− R

Π

)(
1
β

)
> κY ,

where κY = κ
(
σ Y
C

+ αK+η
1−αK

)
denotes the reduced form output coefficient relating in

the New Keynesian Phillips Curve (see the discussion in their Section 4.3 for this
form of their assumption (4)). Nevertheless, as I show below, POSA still delivers a
substantial mitigation of the “Forward Guidance Puzzle”.

3 Simulation setup

The simulation design I adopt is similar to Carlstrom et al. (2015). Specifically,
let us denote the path of the policy interest rate expected by economic agents prior
to the central bank’s announcement for quarter one and the following quarters as
R̂pre

1 , R̂pre
2 , R̂pre

3 , ..., where the superscript “pre” indicates “pre-announcement”. I then
assume that in quarter one, the central bank announces to “switch off” its interest
feedback rule (31) for a total of DL + Dp quarters, by setting dp,t = 1 during those
quarters, and to peg the interest rate at values R̂p,t. Furthermore, I assume for
quarters 1 toDL, the announced trajectory of the policy rate equals its path expected
prior to the central bank’s announcement (i.e. R̂p,t = R̂pre

t ). By contrast, for quarters
DL + 1 until DL +Dp, the announced trajectory is located ∆ % below its expected
pre-announcement path (i.e. R̂p,t = R̂t

pre
− ∆). Finally, the central bank promises

to return to its standard interest feedback rule (i.e. dp,t = 0) in quarter DL +Dp + 1.
To summarize, I assume

θ
4(1−θ)σb , which can be seen by re-arranging equation (10) such that the percentage deviation of

real bonds from its steady state dbG,t
bG

(= Y
bG

) is located on the left hand side.
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dp,t =

1 for t = 1, 2...., DL +Dp

0 for t > DL +Dp

(33)

R̂p,t =

R̂t

pre
for t = 1, 2...., DL

R̂t
pre
−∆ for t = DL + 1, DL + 2, ....DL +Dp

I set DL = 6, following Carlstrom et al. (2015). Furthermore, prior to the forward
guidance announcements of the US Federal Reserve in September 2011, January 2012
and September 2013, financial markets expected the Federal Funds rate to remain
at the zero lower bound for approximately 6 quarters, according to the evidence
reported in del Negro et al. (2015a). I set ∆ to an annualized value of 0.2% (i.e.
∆ = 0.2

4
), which is in line with the effect of the announcement on private sector

forecasts of three month treasury bills estimated by del Negro et al. (2015a).8 Based
on these assumptions, I will below investigate the macroeconomic effect of varying
Dp, i.e. the length of the period during which the interest rate peg shifts interest
rate expectations downwards by ∆ percent.

4 Results in the simple model

I first discuss results from a model where the aggregate economy wide capital stock
is constant and does not depreciate, i.e. K̂t = I

Y
= δ = 0. The reason is that the

key attenuation mechanism associated with POSA operates via consumption, and
abstracting from investment allows to represent aggregate demand and supply as two
equations. However, results are very similar with a variable economy wide capital
stock, as shown in Section 4.2. Section 4.3 investigates the effect of assuming a more
realistic maturity structure of government debt instead of the one quarter maturity
assumed so far, following Krause and Moyen (2016). Finally, Section 4.4 compares
the reponse of the model with and without POSA to a series of standard shocks used
in the DSGE literature.

8See their Figures 1 and 3, respectively.
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4.1 Results with a constant capital stock

As can be obtained from Figure 1, without POSA (i.e. θ = 1) the impact effect of the
policy on GDP and inflation are large and increase exponentially in DP (see the solid
black line). The result mirrors the finding of Carlstrom et al. (2015). However, the
increase in GDP and inflation is much lower with POSA and θ = 0.96. For instance,
for Dp = 8, with linear POSA (i.e. σb = 0, and thus no wealth effect) and θ = 0.96,
the increase in GDP and inflation is roughly half as big as without POSA (see the
green squares line). With declining marginal utility from safe assets (i.e. σb > 0),
and thus a wealth effect, the attenuation effect of POSA is even bigger, and the
marginal effect of increasing DP by one quarter is no longer exponentially increasing
in the length of the interest rate peg, but instead decreases in DP . Considering first
year averages instead of impact effects yields a (qualitatively) very similar picture
(results are available upon request). For the case of Dp = 8, Figure 2 illustrates that
the attenuation effect of POSA for θ = 0.96 is quite persistent.

To gain intuition for the effects of forward guidance in the model variants con-
sidered, it is useful to derive aggregate demand and supply relationships for the first
quarter from equations (21), (22), (25), (26), (27) and (28):

Ŷ1 =
1
C
Y
σ
Et

{
DL−1+DP∑

i=0

θi
[
θΠ̂2+i + (1− θ)σb

Y

bG
b̂G,1+i

]
− θDL

DP∑
i=1

θiR̂f

}
(34)

+θDL+DPEtŶDL+DP+1

Π̂1 = Et

{
DL+DP−1∑

i=0

βiκY Ŷ1+i + βDL+DP Π̂DL+DP+1

}
(35)

with κY = κ
(
σ Y
C

+ αK+η
1−αK

)
. Consider first the case of no POSA, i.e. θ = 1. In

this case aggregate demand becomes a function of future expected real interest rates
alone (the term (1 − θ)σb

Y
bG
b̂G,t+i vanishes from equation (34)). Assume also that

there is no interest rate smoothing (φi = 0), implying that there are no endogenous
state variables and thus that (in the absence of other shocks) GDP and inflation
return to their steady state values immediately after the voluntary pegging of the
interest rate at R̂p ends (i.e. EtŶDL+DP+1 = EtΠ̂DL+DP+1 = 0). Equation (34) then
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says that increasing DP by one quarter has a partial equilibrium effect on GDP
(i.e. abstracting from the change in inflation associated with the policy) of 1

C
Y
σ
in

quarter 1, as well as in each of the following quarters leading up to and including
DL + DP . The expected increase in Ŷ1+i increases the expectation of Π̂2+i as well,
with the biggest increase observed in quarter 2 and successively smaller increases in
the following quarters. The increase in inflation causes a further decline (increase)
in the real interest rate (aggregate demand), which feeds back into inflation. The
result of this interaction of aggregate demand and supply is the explosive increase of
the two variables in the length of the interest rate peg Dp.

Moving from the no POSA case (θ = 1) to the case of linear POSA (θ = 0.96,
but σb = 0, implying that the (1− θ)σb YbG b̂G,1+i term is still absent from (34)) lowers
the partial equilibrium effect of increasing DP on quarter one GDP Ŷ1 to 1

C
Y
σ
θDL+DP .

Clearly, with POSA (θ < 1), the marginal effect of increasing Dp on Ŷ1 declines
in Dp. Loosely speaking, the future becomes less and less important for today’s
consumption choice the more distant in time it is located. As discussed in Section
2.1, the reason is that POSA attenuates consumption smoothing by breaking the
proportionality between the current and the discounted expected future marginal
utility of consumption.

Finally, allowing for declining marginal utility from safe assets (θ = 0.96, σb >

0) implies that forward guidance also increases the marginal utility of safe assets,
thus further attenuating the consumption increase. The increased marginal utility
from safe assets results from the persistent decline in the real value of outstanding
government bonds, which can be obtained from Figure 2 for the case of Dp = 8. This
persistent decline is caused by the increase in tax revenues due to the improvement
in economic activity and the decline in the real interest rate caused by the increase in
inflation. Correspondingly, if the government would adjust lump sum taxes in order
to keep real government debt constant (i.e. set b̂G,t = 0) instead of the gradual tax
adjustment prescribed by (18), results would be identical to the case of linear POSA
(i.e. σb = 0)

Since part of the decline in government debt driving the “wealth effect” observed
with declining marginal utility from real safe assets (i.e. for σb > 0) is due to the
improvement in the government’s budget balance, it is of interest to check whether
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the feedback from economic activity to the primary budget balance observed in the
simulation is reasonable. As can be obtained by comparing the first with the final
panel of Figure 2, the implied (on impact) semi-elasticity of the primary balance
with respect to output is about 0.91.9 By contrast, empirical estimates for the US
are closer to 0.5 (e.g. Botev et al. 2015).10 However, if I drop the assumption
of flexible wages and assume nominally sticky wages instead, the primary budget
balance semi-elasticity implied by the simulation drops to about 0.5, while the wealth
effect continues to contribute strongly to the overall attenuation delivered by POSA.
Results for the sticky wage case are reported in Appendix B.

As mentioned in the introduction, Campbell et al. (2016) also consider a model
with POSA but report that nevertheless “in our model, extending a near zero interest
rate peg for additional periods leads to initial responses of output and inflation that
grow with the length of the extension and eventually become explosive.” 11 Figure 2
confirms that under the assumptions of Campbell et al. (2016), namely θ = 0.99 and
no wealth effect (captured here as σb = 0), the attenuation effect of POSA becomes
very small (compare the cyan diamond line to the black solid line), and the effects
of forward guidance continue to increase exponentially in Dp. Hence my calibration
of θ, which I based on microeconometric evidence on individual discount rates, is
crucial.

For the case of θ = 0.99, allowing for a wealth effect would also attenuate the
effect of forward guidance even (compare the cyan diamond to the cyan diamond-
dotted line). However, θ = 0.99 and σb = 1 would jointly imply a semi-elasticity
of the demand for bonds with respect to its own (annualized) interest rate of 25.
This value strongly exceeds values which are typically estimated for the elasticity of
money demand (e.g. Ball 2001) and would thus be at odds with the interpretation
of POSA as reflecting the money like qualities of safe assets.

Note that in principle, POSA could also attenuate the effect of forward guidance
by making the Phillips Curve less forward looking as it implies a lower β (see equation

9For instance, for Dp = 10 and “No POSA”, the government primary balance increases by 2.9
percent and 3.2 percentage points, respectively, and 2.9

3.2 ≈ 0.91. Based on first year averages instead
of impact effects, the semi-elasticity is 0.82.

10See their table 10.
11See Campbell et al. (2016), p. 72
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35). However, if I keep β in equation (35) at its value in the absence of POSA,
results are virtually identical (not shown), implying that POSA operates mainly via
the aggregate demand side of the economy.

4.2 Results with variable physical capital

As can be obtained from comparing the black solid lines in Figures 3 and 1, allowing
for variable economy-wide physical capital and thus a role for investment spending
slightly reduces the effect of forward guidance because consumption increases by
more than investment, but the share of consumption in GDP is now lower. However,
this prediction is sensitive to the curvature of the investment adjustment costs ξI .
Importantly, POSA continues to strongly attenuate the effect of forward guidance
for my preferred calibration of θ = 0.96.

In Appendix C, I briefly discuss results under the assumption that the household
derives utility both from safe assets and from physical capital. As I mentioned in
Section 2.1, an alternative motivation for POSA is the so called “Capitalist Spirit”
type motive, which would suggest that the household might derive utility from all
her assets. Furthermore, the model with POSA and capital accumulation by the
household implies a higher steady state capital rental rK and thus lower capital- and
investment-to-GDP ratios than the model without POSA due to the lower value of the
utility discount factor β implied by values of θ < 1. This prediction can be avoided
by assuming preferences over physical capital on top of POSA. As can be obtained
from Appendix C, at the same time, results with both POSA and preferences over
capital are very close to those with POSA only.

4.3 Long-term government bonds

I now examine the effect of adopting a more realistic maturity structure for govern-
ment debt, following the assumptions of Krause and Moyen (2016). Specifically, I
assume that public debt consists 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 case pays back the principal. Since the
government issues a large number of these bonds each period, the probability that
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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 (36)

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 (37)

where RG,L,n,t denotes the market interest rate on stochastic bonds issued in period
t (see Krause and Moyen (2016) for details). The household’s objective is now given
by

∞∑
i=0

βi
[
C1−σ
t+i

1− σ
− χN

1 + η
N1+η
t+i +

χb
1− σb

(bG,t+i + bG,L,t+i)
1−σb

]
(38)

Hence following Krishnamurthy and Vissing-Jorgenson (2012), I assume that house-
holds derive utility from their total holdings of government debt, including short
and long-term bonds. Households maximize (38) subject to (2), (36) and (37), by
choosing Ct, Nt, bG,t, bG,L,t, bG,L,n,t and RG,L,t.12 The FOCs with respect to bG,t,
bG,L,t, bG,L,n,t and RG,L,t imply:

Λt = βEt

{
Λt+1

Rt

Πt+1

}
+ χb (bG,t + bG,L,t)

−σb (39)

Λt = βEt

{
Λt+1

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

Πt+1

}
+ χb (bG,t + bG,L,t)

−σb

(40)
12The 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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µt = βEt

{
Λt+1

Λt

1

Πt+1

[1 + µt+1 (1− ωLTD)]

}
(41)

where µt denotes the Lagrange multiplier on the law of motion of the average interest
rate (37). These equations are identical to Krause and Moyen except for the term
reflecting the marginal utility of government bonds χb (bG,t + bG,L,t)

−σb in equations
(39) and (40). The FOC with respect to short-term bonds (39) is identical to equation
(4) above, except for the marginal utility of short-term bonds, which now depends
on the sum of short-term and long-term bonds bG,t + bG,L,t. Equations (39) to (41)
determine private consumption and the interest rate on newly issued 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 + bG,L,t.

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 con-
straint becomes

bG,L,t =
RG,L,t−1

Πt

bG,L,t−1 +Gt − (Tt + τwwtNt + τCCt + τK ((rK,t − δ)Kt−1)) (42)

which differs from its counterpart in the model with one quarter debt (17) 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 is 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
(37)).13

The full (linearized) model then consists of the same equations as those listed in
Section 2.5, except that (the linearized versions of) equations (39) and (42) replace
(22) and (42), while (the linear counterparts of) equations (36), (37), (40) and (41)
are added to the model. Following Krause and Moyen (2016), I set the fraction of
bonds maturing each quarter to ωLTD = 0.0472, which matches the average maturity

13This equation can be obtained by combining the government budget constraint ex-
pressed in terms of newly issued debt, given by bG,n,t =

(RL,t−1−1+α)
Πt

bG,t−1 + Gt −
(Tt + τwwtNt + τCCt + τK ((rK,t − δ)Kt−1)), which corresponds to equation (13) in Krause and
Moyen (2016), with equation (36).
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of US debt held by the public of 5.3 years. All other parameters remain as in Table
1.

The effect of forward guidance with long-term government bonds is displayed in
Figure 4. Note that without POSA (θ = 1) and linear POSA and thus no wealth effect
(σb = 0), assuming long-term instead of one quarter debt affects only the path of
government debt and no other variable. The reason is the assumption that lump sum
taxes are used to ensure long-run debt stationarity (see equation 18). However, even
with declining marginal utility from government bonds (σb > 0), the macroeconomic
effect of forward guidance and thus the attenuation caused by POSA are almost
identical to the results with one quarter debt (compare Figures 4 and 1), as the path
of real government debt is very similar. To put it differently, the decline in real
government debt observed with debt of a one quarter maturity is almost exclusively
driven by higher inflation and the improvement in the government’s primary balance,
both of which carry over to the model with long-term government debt, rather than
the decline in the nominal interest rate starting in quarter DL + 1.

In Appendix D, I show that these results are broadly robust against assuming that
the household derives utility from the market value of her government bond portfolio
rather than the face value as assumed above (see equation (38)). For concave POSA
(σb > 0), the attenuation becomes a little smaller than if the face value of government
bonds enters the utility function. However, the effect of forward guidance on GDP
and inflation continues to be much lower than in the absence of POSA.

4.4 POSA and standard shocks

The fact that POSA alleviate the "Forward Guidance Puzzle" raises the question
whether it changes the response to any of the more standard shocks found in the
DSGE literature. In this section, I therefore subject the model with POSA to shocks
typically used in estimated Smets and Wouters (2007) type DSGE models: a stan-
dard monetary policy shock, a risk premium shock, a shock to the marginal efficiency
of investment (i.e. a shock to the investment adjustment cost technology), a pro-
ductivity shock, a shock to the price markup of retailers and the wage markup of
wage-setting households. The parameterization of the shock processes follows the
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estimates of Linde et al. (2016). I use the model with variable physical capital of
Section 4.2 but assume that both wages and prices are nominally sticky (for details
see the note below Figure 5).

Figure 5 reports the results for the case of no POSA, POSA with short-term and
POSA with long-term government debt (with θ = 0.96 and σb = 1), with all shocks
signed to trigger a GDP increase. The responses of the variables in the models with
POSA is generally very similar to the models without. An exception is the infla-
tion reponse to the monetary policy shock for the case of a one quarter maturity of
government debt, where model with POSA predicts an inflation decline starting in
quarter 2. The reason is that with short-term debt only, the average interest rate
on government debt equals the declining policy rate. Hence the monetary expan-
sion has an immediate direct negative effect on the path of government debt, which
accumulates over time and thus persistently lowers the consumption and the real
wage response if households have POSA. Both variables fall slightly but very persis-
tently below their respective steady state values after two years, which lowers firms
expected marginal costs and thus causes the observed decline in inflation. More gen-
erally, with one quarter debt, the model with POSA tends to predict a (somewhat)
smaller increase of GDP and inflation to any expansionary shock which also triggers
a decline of the policy interest rate (i.e. the monetary policy shock, the productiv-
ity shock, the decline in the wage and price markups and the investment efficiency
shock). However, assuming the more realistic maturity structure of government debt
discussed in Section 4.3 renders the inflation response to the expansionary monetary
policy shock positive even with POSA (“POSA, Long-term government debt”, the
magenta dashed dotted line) because the average interest rate on government debt
RG,L,t barely moves in response to the policy rate cut, implying that government
debt declines by much less than with one quarter debt. The decline in RG,L,t is tiny
because, firstly, any decline of the interest rate on newly issued bonds RG,L,n,t affects
only the small maturing fraction of government bonds ωLTD = 0.0472. Secondly, the
decline of RG,L,n,t is far smaller than the short-term policy rate cut that triggered it
since it mainly depends on a weighted average of expected future short-term rates.14

14Up to first order, the first order conditions (39) and (40) imply R̂L,n,t = R̂t
[R−θ(1−α)]

R +
θ(1−α)
R EtR̂L,n,t+1. Hence under reasonable calibrations, the effect of a temporary increase of R̂t on
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In Appendix D.2, I show that if I assume that if the market value of government
debt enters the household utility function, the IRFs with and without POSA become
almost identical.

Hence POSA does not seem to substantially alter the predictions of a New Key-
nesian DSGE model as far as the standard shocks considered in the literature are
concerned while at the same time considerably alleviating the "Forward Guidance
Puzzle".

5 Forward guidance with collateral constraints and

POSA

In Appendix E, I examine the effect of forward guidance in a model with collateral-
constrained borrower households, collateral constrained-borrowing firms, and saver
households, along the lines of Iacoviello (2005, 2014) and Iacoviello and Neri (2010).
Examining the effect of forward guidance in the presence of credit market frictions is
of interest because such frictions arguably played an important role for the length of
the Great Recession and the slow ensuing recovery (see Iacoviello 2014, del Negro et
al. 2015b, Cai et al. 2018), which gave rise to the need for forward guidance policies
in the first place.

The model features three types of households, namely saver households, bor-
rower households and entrepreneurs, as well as monopolistically competitive goods
producers owned by saver households. Saver and borrower households derive util-
ity from consumption and housing, disutility from labor, and supply labor to goods
producers in monopolistically competitive labor markets. Entrepreneurs accumulate
a capital stock consisting of physical capital and commercial real estate, and rent
to goods producers. In equilibrium, borrower households and entrepreneurs borrow
from financial intermediaries who collect deposits from saver households. Borrowers
face binding collateral constraints, where the collateral consists of their respective
non-financial assets. Price and wage setting is subject to nominal rigidities. In the
version of the model with POSA, I assume that saver households have preferences

R̂L,n,t is small.
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over both government bonds and their deposits with financial intermediaries.
It turns out that the presence of the binding collateral constraints considerably

amplifies the effect of forward guidance, thus worsening the "Forward Guidance Puz-
zle". The amplification arises because the income share of the constrained agents
increases in response to the forward guidance announcement, for two reasons. Firstly,
the markup of monopolistically competitive firms (owned by saver households) de-
clines as real marginal costs in the form of real wages and the rental rate on physical
capital and commercial real estate rise. Hence the real wage income of borrower
households and the total capital rental income earned by entrepreneurs increases
more than GDP. Secondly, the decline in the real interest rate caused by the in-
crease in inflation reduces the debt service of borrowers during each quarter in which
the real interest rate decline persists. Since borrower households and entrepreneurs
have a high marginal propensity to spend, this redistribution amplifies the effect of
forward guidance. However, assuming that the saver households have POSA again
strongly attenuates the effects of forward guidance on GDP and inflation.

Regarding the response to the more standard shocks investigated in Section 4.4,
the IRFs are almost identical in the model with collateral constraints regardless of
whether POSA is assumed or not, even for one quarter government debt. 15

6 Conclusion

This paper examines how the macroeconomic effects of forward guidance are shaped
by preferences over safe assets (POSA) calibrated based on evidence on household
individual discount rates. POSA attenuates intertemporal consumption smoothing
since the marginal utility of consuming today is no longer exclusively governed by
the expected discounted utility of consumption tomorrow, but also by the marginal
utility of accumulating the safe asset. Furthermore, the attenuation compounds
the more distant the respective future consumption choice is located away from

15In the model with collateral constraints, a decline in the policy rate reduces the loan rate
of borrower households and firms and thus boosts their disposable income, and also relaxes their
borrowing constraints by increasing the house price. These effects are absent from the representative
agent model and are sufficiently strong to overcompensate the negative wealth effect on saver
household consumption arising in the model with POSA.
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today. As a result, POSA lowers the effect of future interest rate changes on current
consumption, the more so the more distant they are located in the future. Moreover,
with POSA a “wealth effect” further attenuates the effect of forward guidance, as
real government debt declines in response to the increase in economic activity and
the decline in the real interest rate caused by the policy. This decline increases the
marginal utility from safe assets and thus dampens the consumption increase. As
a result, POSA strongly attenuates the effect of foward guidance, thus alleviating
the so-called “"Forward Guidance Puzzle"”. At the same time, the impact of POSA
on the effect of shocks typically found in Smets-Wouters (2007) type DSGE models
is small. My results are robust to assuming that some households and firms face
Iacoviello (2005, 2014)-type collateral constraints.
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Figure 1: Impact effect of forward guidance, no physical capital
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Note: The graph displays the impact effect of an announcement by the central bank which pegs the future path of the
policy interest rate, formally described in equation (33), with DL = 6 and ∆ = 0.2

4
. Horizontal axis: length of the

interest rate peg DP . Vertical axis: Deviation of the respective variable from its value in the absence of the policy
in quarter 1 (i.e. the impact effect). Government debt is expressed as a percentage of steady sate GDP. Inflation is
expressed as an annualized percentage rate (APR). The government primary balances is expressed as a percentage
of actual GDP. All other variables are expressed as percentage of their respective steady state values.
The results are based on the model of Section 2 and the parameters displayed in Table 1, except that the aggregate
economy wide capital stock is assumed constant and does not appreciate, i.e. I

Y
= K̂t = 0.
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Figure 2: Effect of forward guidance for Dp = 8, constant physical capital
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Note: The graph displays the dynamic effect of the simulation described in the note below Figure 1 for the case of
Dp = 8. Horizontal axis: Quarters. Vertical axis: Deviation of the path of the respective variable from its path in
the absence of the policy (in particular, starting in quarter 7, the policy interest rate is fixed at 0.2 percent below
its path expected in the absence of the forward guidance policy, and starts converging towards its non-policy path
in quarter 15). The policy interest rate is expressed as an annualized percentage rate (APR). All other units are as
described in the note below Figure 1.
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Figure 3: Impact effect of forward guidance with variable physical capital
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Note: See the explanation below graph 1, but note that physical capital is now
assumed to be variable.
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Figure 4: Impact effect of forward guidance, constant physical capital, long-term
gov. debt
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Note: See the note below Figure 1, but note that government debt now consists of
stochastic long-term bonds as discussed in Section 4.3.
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Figure 5: Response of the model with and without POSA to standard shocks
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Note: The results are based on model of Section 2 and the calibration reported in Table 1, except for the la-
bor market. “POSA” refers to θ = 0.96/σb = 1, while “No POSA” refers to θ = 1. “Long-term gov. debt”
refers to the model of Section 4.3. The labor market now operates under monopolistic competition and con-
vex wage adjustment costs. Hence the labor supply equation (27) is replaced by the wage setting equation
ŵt = 1

1+β

(
κw
(
ηN̂t + σĈt − ŵt

)
+ βSEtŵt+1 + βEtΠ̂t+1 + ŵt−1 − Π̂t

)
+ µw,t with κw = 0.0094 and η = 2.2,

as estimated by Linde et al. (2016). Price and wage markup shocks follow ARMA(1,1) processes of the form
µp,t = ρpµp,t−1 − νεp,t−1 + εp,t, with εp,t being i.i.d. The remaining exogenous variables follow AR(1) processes. I
calibrate the exogenous driving processes according to the estimates of Linde et al. (2016):

Shock type AR(1)/ MA(1) coefficient Standard error

Monetary policy - / - 0.24

Risk premium 0.18/ - 0.24

Investment efficiency 0.71/ - 0.41

Technology 0.96/ 0.45

Price markup 0.9/ 0.72 0.13

Wage markup 0.98/ 0.92 0.30
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A Data sources used for the empirical targets in Ta-

bles 1 and 3

I computed the targets as averages over the 1981-2014 period or the longest available
subperiod.

• 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.

• Labor share: Giandrea and Sprague (2017), Figure 1.

• Top 40% income share: “Quintiles of income before taxes: Shares of annual
aggregate expenditures and sources of income” tables, Consumer Expenditure
Survey (CEX), average over the 1989-2015 period.

The empirical targets relating to household and entrepreneurial balance sheet vari-
ables were computed using Flow of Funds data:

• Commercial real estate to GDP ratio: Nonfinancial corporate business, real
estate at market value + Nonfinancial noncorporate business, nonresidential
real estate at market value.

• Residential real estate to GDP ratio: Households and nonprofit organizations,
real estate at market value+Nonfinancial noncorporate business, residential
real estate at market value.

• Debt-to-asset ratio non-financial firms: Numerator: Sum of total liabilities
of non-financial corporate and non-corporate business. Denominator: Sum of
total assets of non-financial corporate and non-corporate business.
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B Results for the model of Section 2 for the sticky-

wage case (for online publication only)

Figure 6: Impact effect of forward guidance, sticky wages, constant physical capital
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Note: See the explanation below graph 1, but note that the labor market now op-
erates under monopolistic competition and convex wage adjustment costs. Hence
the labor supply equation (27) is replaced by the wage setting equation ŵt =

1
1+β

(
κw

(
ηN̂t + σĈt − ŵt

)
+ βSEtŵt+1 + βEtΠ̂t+1 + ŵt−1 − Π̂t

)
+ µw,t with κw =

0.0094 and η = 2.2, as estimated by Linde et al. (2016).
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Figure 7: Impact effect of forward guidance, sticky wages, variable physical capital
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Note: See the explanation below graph 1, but note that physical capital is
now assumed to be variable, and that the labor market now operates un-
der monopolistic competition and convex wage adjustment costs. Hence the
labor supply equation (27) is replaced by the wage setting equation ŵt =

1
1+β

(
κw

(
ηN̂t + σĈt − ŵt

)
+ βSEtŵt+1 + βEtΠ̂t+1 + ŵt−1 − Π̂t

)
+ µw,t with κw =

0.0094 and η = 2.2, as estimated by Linde et al. (2016).
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C Results for the model with both POSA and utility

from physical capital (for online publication only)

With both POSA and utility from physical capital, the household’s objective becomes

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 +

χK
1− σK

(Kt+i)
1−σK

]}
(43)

with the first order condition with respect to capital given by

Qt = βEt

{
Λt+1

Λt

[(1− τK) rK,t+1 + τKδ + (1− δ)Qt+1]

}
+
χKK

−σK
t

Λt

(44)

or, in linearized form

Q̂t = −
[
Λ̂t − θKEtΛ̂t+1

]
+β (1− τK) rKEtr̂K,t+1 +β (1− δ)EtQ̂t+1− (1− θK)σKK̂t

(45)
where θK ≡ 1 − χKK

−σK

Λ
and I have used θK = β ((rK − δ) (1− τK) + 1). All other

model equations remain unchanged. I calibrate χK by assuming θK = θ, implying
that the steady state return on capital rK , the capital-output ratio and the share of
investment in GDP are the same as without POSA. I set σK = σb, and consider the
same values of σb as in Table 1 (i.e. 1, 1/3 and 0).

As can be obtained from by comparing Figures 8 and 3, results with preferences
over both safe assets and physical capital are very close to the case of POSA only.
Note that adding preferences over physical capital does not render the equation for
Tobin’s Q (45) less forward looking, as the coefficient on the expected future price
of capital β (1− δ) and thus the decay of the importance of future events for current
investment as their distance from the present increases is the same as with POSA
only. Furthermore, the additional wealth effect arising from changes in the physical
capital stock− (1− θK)σKK̂t plays virtually no role since the (percentage) increase
in the physical capital stock in response to the policy is small. Therefore varying σK
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independently from σb has only a small impact on the simulated effects of forward
guidance (results are available upon request).

Finally, I also check the prediction of the model for the marginal propensity
to save out of an increase in the household’s permanent income by performing a
microsimulation, following the strategy of Kumhof et al. (2015), and compare the
prediction to the micro-evidence of Dynant et al. (2015). Details on the micro-
simulation are provided in Appendix F.1, which explains the exercise for the saver
household in the model with collateral constraints. The adaption to a household
with objective (43) and budget constraint (2) is straightforward. For σb = σK = 1,
the predicted MPS equals 0.43, with higher (lower) predictions for lower (higher)
values of σK and σb. 0.43 is identical to the value very close which Dynant et al.
(2015) estimate for the top 40% of households.
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Figure 8: Impact effect of forward guidance with POSA and preferences over physical
capital
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Note: See the explanation below graph 1, but note that physical capital is now
assumed to be variable and the household derives utility from physical capital (see
equation (43)). Her FOC with respect to physical capital is thus given by equation
(45), all other equations remain the same. I assume θK = θ and σK = σb.
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D The model with long-term government debt and

preferences over the market value of safe assets

(for online publication only)

This Appendix shows the effect of assuming that in the framework with stochastic
government bonds discussed in Section 4.3, the household has preferences over the
market rather than the face value of her safe assets. In this case her objective becomes

∞∑
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

]
(46)

where Qb,G,L,t denotes the market price of the household’s stochastic bond portfolio
which is taken as given by the household. The FOCs with respect to bG,t, bG,L,t,
bG,L,n,t and RG,L,t imply:

Λt = βEt

{
Λt+1

Rt

Πt+1

}
+ χb (bG,t +Qb,G,L,tbG,L,t)

−σb (47)

Λt = βEt

{
Λt+1

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

Πt+1

}
+Qb,G,L,tχb (bG,t +Qb,G,L,tbG,L,t)

−σb

(48)

µt = βEt

{
Λt+1

Λt

1

Πt+1

[1 + µt+1 (1− ωLTD)]

}
(49)

µ2,t = βEt

{
Λt+1

Λt

1

Πt+1

[α + (1− α)µ2,t+1]

}
+
Qb,G,L,tχb (bG,t +Qb,G,L,tbG,L,t)

−σb

Λt

(50)
Equations (47) and (48) differ from their counterparts in Section 4.3 only regard-

ing the presence of Qb,G,L,t (compare equations (39) and (40) ), while the equation for
the Lagrange multiplier on (37) µt is unchanged. Finally, I also report the equation
determining µ2,t, which denotes the the Lagrange multiplier on the law of motion
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of long-term bonds (36). Since it represents the value of an additional unit of the
portfolio of long-term bonds to the household, it follows that

µ2,t = Qb,G,L,t (51)

The full (linearized) model then consists of the same equations as those listed in
Section 2.5, except that (the linearized versions of) equations (47) and (42) replace
(22) and (42), while (the linear counterparts of) equations (36), (37), (48), (41) and
(50) are added to the model.

Note that the market value of outstanding stochastic bonds matters for the dy-
namics over other variables in the model only if (1) the household has preferences
over the market value of her safe assets bG,t + QLTD,tbG,L,t (as opposed to the face
value as in Section 4.3) and (2) if utility from safe assets is concave (σb > 0), i.e. if
there is a “wealth effect”.

D.1 Effect of forward guidance with preferences over the mar-

ket value of safe assets

As can be obtained from Figure 9, POSA continues to strongly attenuate the effect
of forward guidance even if households derive utility from the market value of their
long-term bonds. For concave utility from safe assets (σb > 0), the attenuation is
slightly smaller than if the face value of long-term bonds enters the utility function
(compare the blue dashed and the magenta dashed dotted lines in Figures 9 and 4).
The reason is that the announced decline in the nominal short-term interest rate Rt

persistently increases the market price of the portfolio of outstanding government
bonds Qb,G,L,t (see also Figure 10) . Therefore the market value of government debt
Qb,G,L,tbG,L,t declines somewhat less than the face value (compare the government
debt response in Figures 9 and 4). However, for a peg of 10 quarters (Dp = 10),
the impact effect of forward guidance on GDP and inflation is still only between one
tenth and one fifth of its value in the absence of POSA, depending on the value of
σb

Regarding the dynamics of the market price of the bond portfolio, Figure 10
shows that Qb,G,L,t increases on impact and increases further until the quarter when
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the short-term interest rate is reduced below its pre announcement value. Linearizing
equations (48) , (50) and (51), it can be shown that

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

R
(52)

which confirms that the bond price increases as the date of the the short-term interest
rate cut approaches.
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Figure 9: Impact effect of forward guidance, constant physical capital, long-term
gov. debt, preferences over market value
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Note: See the note below Figure 1, but note that government debt now consists of
stochastic long-term bonds as discussed in Section D. Furthermore, the panel “Gov.
debt” now denotes the deviation of the market value of government debt Qb,G,L,tbG,L,t
from its steady state, expressed as a percentage of steady state GDP.

47



Figure 10: Effect of forward guidance forDp = 8, constant physical capital, long-term
gov. debt, preferences over market value
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Note: The graph displays the dynamic effect of the simulation described in the note below Figure 9 for the case of
Dp = 8. Horizontal axis: Quarters. Vertical axis: Deviation of the path of the respective variable from its path in
the absence of the policy (in particular, starting in quarter 7, the policy interest rate is fixed at 0.2 percent below
its path expected in the absence of the forward guidance policy, and starts converging towards its non-policy path
in quarter 15). The policy interest rate is expressed as an annualized percentage rate (APR). All other units are as
described in the note below Figure 1.
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D.2 Effect of standard shocks with preferences over the mar-

ket value of safe assets

Figure 11: Response of model with and without POSA to standard shocks
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Note: See the note below Figure 5, but note that the results denoted as “POSA, Long-term gov. debt” are now based
on the assumption that the household derives utility from the market value of her safe assets, as detailed in Section
D.

E The model with collateral constrained households

and firms (for online publication only)

The model features three types of households, namely savers, borrower households
and entrepreneurs, who are denoted with subscripts S, CC and E, respectively. I
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assume here that only saver households have POSA. However, the attenuation effect
of POSA becomes even bigger if borrower households have POSA as well.

In this section I discuss only the optimization problems and collateral constraints,
as the model is largely a standard Iacoviello (2005)-type framework. The complete
set of model equations is located in Appendix G.1. Note that the price setting
equation of retailers (16), the capital accumulation equation (3), the investment first
order condition (8) the monetary policy rule (19) and the fiscal rule (18) remain
unchanged.

E.1 Saver households

Saver households are indexed with j and have preferences over consumption CS,j,t,
labor NS,j,t, housing HS,j,t and their holdings of real safe assets bS,j,t. Real safe assets
now include both government bonds and deposits with financial intermediaries, both
with a one quarter maturity. The intertemporal utility function of saver households
is given by

Et

{
∞∑
i=0

βi

[
C1−σS
S,j,t+i

1− σS
− χN,S

1 + η
N1+η
S,j,t+i +

χH,S
1− σH,S

H
1−σH,S
S,j,t+i +

χb,S
1− σb,S

(bS,j,t+i)
1−σb,S

]}
(53)

with χN,S, χH,S, σS, σH,S, σb,S > 0 and χb,S ≥ 0. Each saver household supplies a labor
variety j which forms part of of a CES basket of saver household labor. They operate
in a monopolistically competitive labor market and face nominal wage adjustment
costs. Their budget constraint is given by

QH,tHS,j,t + bS,j,t + (1 + τC)CS,j,t = Rt−1

Πt
bS,j,t−1 +QH,tHS,j,t−1 (54)

+ (1− τw) ξW
2

(
WS,j,t

WS,j,t−1

1
Π
− 1
)2

WS,j,t

Pt
NS,j,t + Ξt − TS,t

where QH,t, HS,j,t, and ξW denote the real house price, the household’s ownership of
residential real estate, and the curvature of wage adjustment costs, respectively. I
abstract from financial intermediary default, implying that bank deposits and gov-
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ernment bonds are perfect substitutes and thus both earn the safe interest rate.
Since in equilibrium, all saver households set the same wage, the j subscript can be
dropped from now.

The saver households first order conditions are standard with the exception of
the FOC with respect to real financial assets for χb,S > 0, which however is identical
to equation (4):

ΛS,t = βS

{
Et

Rt

Πt+1

ΛS,t+1

}
+ χb,Sb

−σb,S
S,t (55)

Furthermore, note that up to first order, the assumptions regarding wage setting
give rise to the standard New Keynesian wage Phillips Curve. The same is true for
borrower households.

E.2 Borrower households

Borrower households are indexed with j and have preferences over consumption
CCC,j,t, labor NCC,j,t and housing HCC,j,t of the same form as saver households. Their
intertemporal utility function is given by

Et

{
∞∑
i=0

βiCC

[
C1−σCC
CC,j,t+i

1− σCC
− χN,CC

1 + η
N1+η
CC,j,t+i + χH,CC

H
1−σH,CC
CC,j,t+i

1− σH,CC

]}
(56)

Their budget constrained is given by

(1 + τC)CCC,j,t + TCC,j,t +QH,tHCC,j,t +
RCC,t−1bCC,j,t−1

Πt
= (57)

bCC,j,t + (1− τw)NCC,j,t
ξW
2

(
WCC,j,t

WCC,j,t−1

1
Π
− 1
)2

WCC,j,t

Pt
+QH,tHCC,j,t−1

where bCC,j,t denotes the real debt of impatient households, on which they pay an
interest rate RCC,t. Their borrowing is constrained by the expected present value of
their house.
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bCC,j,t ≤
kCCEt

[
Πt+1Q

H
t+1HCC,j,t

]
RCC,t

(58)

where 0 ≤ kCC ≤ 1. I assume that βCC < Π
RCC

, implying that for equilibria suffi-
ciently close to the steady state, the constraint holds with equality.

E.3 Entrepreneurs

Entrepreneurial households have preferences over consumption CE,t . Their intertem-
poral utility function is given by

∞∑
i=0

βiE
C1−σS
E,t+i

1− σE
(59)

Entrepreneurial households derive rental income from their ownership of commercial
real estate HE,t and the physical capital stock KE,t. Their budget constraint is given
by

RE,t−1

Πt
bE,t−1 + (1 + τC)CE,t + TE,t +QH,tHE,t +QtKE,t = (60)

bE,t + (QH,t + (1− τK) rH,t)HE,t−1 + ((1− τK) rK,t)KE,t−1 + τKδKE,t−1

where RE,t, Qt rH,t, rK,t, τK denote the interest rate on commercial loans, the price
of the physical capital stock, the real rental rate on commercial real estate and the
physical capital stock and the tax rate on profits, respectively. Following Iacoviello
(2014), entrepreneurial borrowing is constrained by the expected present value of the
total entrepreneurial capital stock

bE,t ≤
kEEt [Πt+1QH,t+1Ht + Πt+1KE,t]

RE,t

(61)

where 0 ≤ kE ≤ 1. I assume that βE < Π
RE

, implying that for equilibria sufficiently
close to the steady state, the constraint holds with equality.16

16Following Iacoviello (2014), I assume that non-real estate capital Kt enters total collateral at its
(real) purchase price, rather than its market price Qt. My results are however robust to assuming
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E.4 Financial intermediaries

Financial intermediaries collect deposits from saver households and lend to borrower
households and entrepreneurs. They operate under perfect competition both in the
deposit and credit markets, and there is no default risk, implying that the interest
rates on loans equal the risk free rate Rt:

RE,t = Rt (62)

RCC,t = Rt (63)

E.5 Retailers

The production function of retailers becomes

Yj,t = AtN
(1−ω)(1−αK−αH)
j,S,t N

ω(1−αK−αH)
j,CC,t KαK

j,t H
αH
j,t

where ω denotes the share of impatient households in total labor income. As before,
retailers face convex price adjustment costs (equation 12) and there are economy
wide markets for all factors of production, implying that marginal costs are identical
across firms.

E.6 Equilibrium

Following Iacoviello (2005,2014), I assume that the economy wide housing stock is
constant. Market clearing in the goods, housing, capital and credit market then
requires

that total collateral is computed using QtKE,t.

53



Ct = CS,t + CCC,t + CE,t (64)

Yt = Ct + It +Gt + Yt
ξP
2

(
Πt

Π
− 1

)2

(65)

+
ξW
2

(
ΠW,S,t

Π
− 1

)2

wS,tNS,t +
ξW
2

(
ΠW,CC,t

Π
− 1

)2

wCC,tNCC,t (66)

Kt = KE,t (67)

H = HS,t +HCC,t +HE,t (68)

bS,t = bG,t + bCC,t + bE,t (69)

E.7 Calibration

Table 3 reports the calibration. If not otherwise mentioned below, the parameter
choices are as in Table 1. I assume that all agents have log preferences over con-
sumption and, where relevant, housing (σS = σCC = σE = σH,S = σH,CC = 1).
The discount factors of entrepreneurs and impatient households are as in Iacoviello
(2005). For entrepreneurs, this assumption implies an average annual internal real
rate of return of 8.4%. I assume a maximum loan to value ratio of credit constrained
households LTVCC close to the values in Iacoviello (2014) and Iacoviello and Neri
(2010). I set the labor income share of credit constrained households ωCC to 0.37, as
estimated by Iacoviello (2005) and Iacoviello (2014).

Given these choices, I set the elasticity of output w. r. t. physical capital and
commercial real estate αK and αH , the two household type’s weight on utility from
housing (χH,CC , χH,S) and the entrepreneurial maximum LTV, respectively, such that
the steady state labor share, the ratios of the values of commercial and residential
real estate relative to GDP and the steady debt-to-asset ratio of non-financial firms
correspond to their empirical counterparts reported in Table 3, respectively. Follow-
ing Iacoviello (2005), I assume that, in the absence of POSA (θS = 1), the utility
weight on housing is identical across household types (χH,CC = χH,S). For θS < 1 ,
I set χH,S such that the share of saver households in the total housing stock is the
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same as in the absence of POSA.17

Regarding saver households POSA, I keep the values of the household discount
factor and the associated value of the discount wedge (now denoted as θS and βS,
respectively) reported in Table 1 and, in simulations where θS < 1, set the utility
curvature with respect to safe assets σb,S to one, in line with the previously cited
evidence on the elasticity of money demand.

Since the saver household now derives utility from both safe financial assets and
housing, one may interpret her objective as reflecting not just POSA, but also the
aforementioned “Capitalist Spirit” type motive, which argues that rich households
derive utility from all types of assets. In such a setting, Kumhof et al. (2015) set the
wealth curvature parameter(s) (here: σb,S and σH,S) such that in a microsimulation
of an increase in the rich household’s permanent income, the household’s marginal
propensity to save matches empirical microeconometric estimates for her income
group. I assume here that entrepreneurs and saver households correspond to the
rich. Under my calibration, their share in total household income equals about
76%, which according to the consumer expenditure survey (CEX) would suggest
that they jointly represent approximately the top 40% of the income distribution.
For this group, Dynant et al. (2004) report an MPS of 0.429. For σb,S = 1, the
income weighted average MPS is with 0.37 close to this value. Details on the micro-
simulation used to compute the MPS of the top 40% of households in the model are
provided in Appendix F.1.

17The shares of saver households, impatient households and entrepreneurs in the total housing
stock equal 52%, 14% and 34%, respectively.
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Table 3: Model with collateral constraints: Parameters
Parameter Parameter name Value

βS Discount factor saver household for θS = 1.0; θS = 0.96 0.9955; 0.9557*

βCC Discount factor borrower households 0.95

βE Discount factor entrepreneurs 0.98

σS , σCC , σE Curvature consumption 1

σH,CC , σH,S Curvature housing 1

η Curvature labor disutility 2.2

σb,S Curvature bonds savers 1*

χH,S Saver utility weight on housing for θS = 1/ θS = 0.96 0.0551/0.58*

χH,CC Borrower household utility weight on housing 0.0551*

κπ Price markup coefficient 0.02

κw Wage markup coefficient 0.0094

µP Steady state price markup 1.1

ωCC Impatient household labor share 0.35

αK Output elasticity w.r.t. physical capital 0.26*

αH Output elasticity w.r.t. real estate 0.0780*

δ Physical capital depreciation rate 0.025

ξI Investment adjustment cost 5.5

LTVCC LTV impatient Households 0.9

LTVH , LTVK LTV entrepreneurs 0.4*

τC Consumption tax rate 0.05

τw Labor tax rate 0.28

τK Capital tax rate 0.3600

τb Fiscal rule debt R
Π
− 1 + 0.02

bG
4Y

Fiscal rule, target debt-to-annual GDP ratio 0.615*
G
Y

Steady state government expenditure share 0.2*

φπ Taylor rule: Inflation 2.0

φy Taylor rule: Output gap 0.4

φi Taylor rule interet rate smoothing 0.82
Note:

• Parameter values labeled with * in Table 3 were calibrated such the steady state values of the variables listed
in Table 4 correspond to their empirical counterparts.

• The two values of β and θ correspond to the cases of “No POSA , θ = 1” and “POSA, θ = 0.96”, based on
the evidence reported in Table 2.

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

• I computed the price and wage markup coefficients κπ and κw based on the estimates reported in Table

3.2 in Linde et al. (2016) using the expressions (using their notation) κπ =
(1−ξpβγ1−σC )(1−ξp)

ξp(1+(φp−1)εp)
and

κw =
(1−ξwβγ1−σC )(1−ξw)

ξw(1+(φw−1)εw)
.
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E.8 Results with collateral constrained households and firms

I now perform exactly the same policy simulation as described in Section 3. As can
be obtained from Figure 12, the presence of collateral constrained households and
entrepreneurs substantially amplifies the impact effect of forward guidance in the
absence of POSA (compare the black solid and the black dotted line). This am-
plification is mainly due to a large increase in consumption by the -newly added-
borrowing households and entrepreneurs, as well as a much larger increase in invest-
ment spending than in the absence of collateral constraints. For the case of an 8
quarter fixation of the nominal interest rate (Dp = 8), Figure 13 shows that this
amplification persists in later quarters as well. Assuming POSA strongly attenuates
the affect of the policy for values of DP > 4 (compare the magenta dashed-dotted
line and the black solid line).

The reason for the amplification of the effect of forward guidance compared to
a model without collateral constraints is that the policy disproportionally benefits
households and entrepreneurs, who have a high marginal propensity to spend due to
their binding borrowing constraints. Firstly, the markup of monopolistically com-
petitive firms (owned by saver households) declines, implying that the the real wage
income of borrower households and the total capital rental income earned by en-
trepreneurs increase more than GDP, as can be obtained from comparing the first
and the final panel of Figure 12.18 Secondly, the decline in the real interest rate
caused by the increase in inflation reduces the debt service of borrowers during each
quarter which the real interest rate decline persists, which is eventually reflected
in higher consumption as well. By contrast, and perhaps surprisingly, the increase
in the amount of borrower household and entrepreneurial borrowing allowed by the
increase in the real house price seems to mainly affect their housing demand and
amount of borrowing, but not their spending on goods and services. Fixing QH,t

to its steady state value in the collateral constraint (equations (58) and 61) yields
results very similar to those of Figure 12 for all variables except the house price and

18I have also checked the effect of assuming that the policy induced change in monopolistic profits
is distributed to all three agents according to their respective steady state pre-tax income share.
Under this assumption, the responses of GDP and its components are close to the “No collateral,
no POSA” case in Figure 12 (results are available upon request).
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borrowing.
However, the presence of collateral constraints does weaken the intertemporal

substitution channel of the policy, in that there is no direct impact effect of the an-
nounced decline of the policy rate on the consumption of borrowers in the presence
of binding collateral constraints. The reason is that the borrowing constraint implies
that the borrowers total debt is limited by her collateral. Figure 14 plots the partial
equilibrium impact effect of the announced change in the policy rate, i.e. the effect
if I hold all variables the agent takes as given (as well as for simplicity household’s
labor income) constant, except for the interest rate. In partial equilibrium the con-
sumption expenditure of borrower households and entrepreneurs actually declines
slightly in response to the expected cut in the policy rate as it increases the benefit
of relaxing the constraint by accumulating more collateral, which requires a decline
in consumption (as the house price remains unchanged). Hence the “original” expan-
sionary impulse caused by the forward guidance policy arises due to the consumption
increase of saver households, which in the NOPOSA cases increases linearly in DP

(Left panel of Figure 14, black solid line).
POSA thus attenuates the effect of forward guidance by lowering the responsive-

ness of saver household consumption to future real interest rates as well as reducing
her real financial wealth, since government debt declines again quite persistently due
to the increase in economic activity and inflation. The magnitude of the feedback
from economic activity to the governments primary budget balance, which partly
drives this wealth effect, appears to be in line with empirical estimates. The semi-
elasticity of the first year average of the governments primary balance with respect
to the (first year average of) GDP implied by the simulation equals 0.45, somewhat
below the aforementioned estimate of Botev et al. (2015).
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Figure 12: Impact effect of forward guidance with collateral constraints
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Note: The graph displays the impact effect of an announcement by the central bank which pegs the future path of
the policy interest rate, formally described in equation (33), with DL = 6 and ∆ = 0.2

4
.

• Horizontal axis: length of the interest rate peg DP .

• Vertical axis: Deviation of the respective variable from its value in the absence of the policy in quarter 1 (i.e.
the impact effect). Government and private sector debt are expressed as a percentage of steady sate GDP.
The government primary balances is expressed as a percentage of actual GDP. Inflation is expressed as an
annualized percentage rate (APR). All other variables are expressed as percentage of their respective steady
state values.

• The results depicted as a black solid and a magenta dashed-dotted line are based on the model developed in
Appendix E and the parameters displayed in Table 3. “POSA” refers to θS = 0.96/σb,S = 1 while “NOPOSA
(=No Preferences Over Safe Assets)” refers to θS = 1.

• The results depicted as a black dotted line are based on the model of Section 2, except that the labor
market now operates under monopolistic competition and convex wage adjustment costs as in the model

with collateral constraints, i.e. ξW
2

(
Wt
Wt−1

1
Π
− 1
)2

Wt
Pt
Nt, with η = 2.2 and κw = 0.0094.
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Figure 13: Effect of forward guidance with collateral constraints for Dp = 8,
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Note: The graph displays the dynamic effect of the simulation described in the note below Figure 12 for the case of
Dp = 8.
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Figure 14: Partial equilibrium impact effect of forward guidance
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Note: The graph displays the partial equilibrium impact effect of an announcement by the central bank which pegs
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4
. The

horizontal axis depicts the length of the fixed interest rate policy DP . The graph reports the deviation of the
respective variable from its value in the absence of the policy in quarter 1 (i.e. the impact effect), expressed as a
percentage of its respective steady state. The calibration is displayed in Table 3. Note that “partial equilibrium”
means that I hold all variables the respective agents takes as given in her optimization problem as well as labor
income constant during the simulation (i.e. Πt, wCC,tNCC,t, wS,tNS,t, rK,t, rH,t, QH,t, Qt), except for the policy
interest rate during quarters DL + 1 to Dp.

F Model with collateral constraints - micro simula-

tions (for online publication only)

F.1 Microsimulation used to compute saver households MPS

Following Kumhof et al. (2015), I compute the marginal propensity to save out of
a permanent income increase of saver and entrepreneurial households in a partial
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equilibrium simulation. For the purpose of this exercise, I assume that income aris-
ing from sources other than the ownership of safe financial assets is exogenous and
denoted as YS,t, implying that the budget constraint of saver households is given by

QH,tHS,t + bS,t + (1 + τC)CS,t =
Rt−1

Πt

bS,t−1 + YS,t − TS,t +QH,tHS,t−1 (70)

The linearized partial equilibrium is then described by (for the underlying nonlinear
first order conditions see Section G.1):

ĈS,t = θS

(
ĈS,t +

1

−σS

(
R̂t − Π̂t+1

))
+ (1− θS)

σb,S
σS

Y

bS
b̂S,t (71)

Q̂H,t = (1− βS)
(
−σH,SĤS,t + σSĈS,t

)
+ βS

[
σS

(
ĈS,t − ĈS,t+1

)
+ Q̂H,t+1

]
(72)

b̂S,t =
R

Π

(
b̂S,t−1 +

bS
Y

(
R̂t − Π̂t

))
− (1 + τC)

CS
Y
ĈS,t (73)

−HSQH

Y

(
ĤS,t − ĤS,t−1

)
+ ŶS,t

ŶS,t = YS,t−1 + eY,S,t (74)

0 = Π̂t = r̂K,t = r̂H,t = Q̂t = Q̂H,t = R̂t (75)

where equation (72) is the savers first order condition with respect to housing, equa-
tion (74) denotes the income process and (75) reflect the fact that the income increase
of the individual saver household does not have an effect on equilibrium prices and
aggregate quantities. Note that deviations of YS,t and bS,t from their respective steady
state values are expressed as a percentage of steady state GDP.

In the simulation, I assume a one quarter one-off increase of eY,S,t, and then
compute the MPS over a six year horizon, holding inflation and the nominal interest
rate constant. The reason for the six year horizon is that the empirical estimates
of the MPS Dynant et al. (2004) uses 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). Hence the model counterpart of the Dynant
et al. (2004) empirical estimate of the MPS of saver households is given by
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MPSS =
b̂S,24 + HSQH

Y
ĤS,24

24eY,S,1
(76)

The linearized entrepreneurial first order conditions are given by

ĈE,t = EtĈE,t+1 −
1

σE

(
R̂E,t − EtΠ̂t+1

)
− 1

σE

1− βE R
Π

βE
R
Π

Λ̂E2,t (77)

Q̂t = βE

[
σE

(
ĈE,t − EtĈE,t+1

)
((1− τK) rK + 1− δ + τKδ) + (1− τK) rKEtr̂K,t+1

]
(78)

+βE (1− δ)EtQ̂t+1 + kE

(
1− βE

R

Π

)
Π

R

[
Λ̂E2,t + EtΠ̂t+1 − R̂L,E,t

]
Q̂H,t = βE

[
σE

(
ĈE,t − EtĈE,t+1

)(
(1− τK)

rH
QH

+ 1

)
+ (1− τK)

rH
QH

Etr̂H,t+1 + Q̂H,t+1

]
(79)

+ kE

(
1− βE

R

Π

)
Π

R

[
Λ̂E2,t + Π̂t+1 + Q̂H,t+1 − R̂L,E,t

]
b̂E,t =

R

Π

(
bE
Y

(
R̂E,t−1 − Π̂t

)
+ b̂E,t−1

)
+ (1 + τC)

CE
Y
ĈE,t +

QHHE

Y

(
ĤE,t − ĤE,t−1

)
(80)

−QHHE

Y

rH
QH

(1− τK)
(
ĤE,t−1 + r̂H,t

)
+
KE

Y

(
K̂t − K̂t−1

)
−KE

Y
(1− τK)

(
K̂t−1 (rK − δ) + rK r̂K,t

)
+
KE

Y
δQ̂t − ŶE,t

b̂E,t =
kEQHHEΠ

Y R

(
EtΠ̂t+1 + EtQ̂H,t+1 + ĤE,t − R̂E,t

)
+
kEKΠ

Y R

(
EtΠ̂t+1 + K̂E,t − R̂E,t

)
(81)

where Λ̂E2,t =
(̂

ΛE2,t

ΛE,t

)
and ΛE,2,t denote the Lagrange multiplier on the en-

trepreneurial borrowing constraint and the marginal utility of real income, respec-
tively. The exogenous income process is the same as for saver households:

ŶE,t = YE,t−1 + eY,E,t (82)

From these equations, it is clear that a stable solution to the system described by
equations (76) and equations (77) to (82) implies that a one quarter one-off increase
of eY,E,t and thus a permanent increase in ŶE,t causes a permanent increase of en-
trepreneurial consumption expenditure (1 + τC) CE

Y
ĈE,t of the same magnitude. ĤE,t,
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K̂E,t, b̂E,t and Λ̂E2,t remain unchanged. HenceMPSE = 0, and thus the average MPS
of savers and entrepreneurs is given by

MPS =
wSNS +

(
R
Π
− 1
)
bS + Ξ

wSNS +
(
R
Π
− 1
)
bS + Ξ +K (rK − δ) +HrH − bE

(
R
Π
− 1
)MPSS

where the fraction denotes the share of saver household pre-tax income in the sum
of saver household and entrepreneurial household pre-tax income.

F.2 Microsimulation (partial equilibrium effect) of forward

guidance

As in Section F.1, the partial equilibrium simulation holds all variables the individual
takes as given as well as labor income constant:, except for the interest rates faced
by households and entrepreneurs:

Π̂t = r̂K,t = r̂H,t = Q̂t = Q̂H,t = ŵCC,t + N̂CC,t = ŵS,t + N̂S,t = 0 (83)

For the interest rates, I assume

R̂t = εi,t (84)

R̂S,t = R̂t − 10−11b̂S,t (85)

R̂CC,t = R̂t (86)

R̂E,t = R̂t + 10−11b̂E,t (87)

where εi,t denotes an exogenous shock which is used to implement the path of R̂t

described in the note below Figure 14. Equations (85) and (87) imply the assump-
tion of a negative effect of saver household and entrepreneurial financial wealth on
their respective interest rates and thus a positive effect on their consumption. In
partial equilibrium, this assumption is necessary to induce long-run stationarity of
their respective net financial asset position and thus determinacy, as R̂t is now ex-
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ogenous and cannot play this role (unlike in general equilibrium). The purpose of the
assumption is thus similar to the cost of holding net foreign assets regularly assumed
in open economy DSGE models. For the borrower household, the assumption is not
necessary because the utility the borrower household derives from housing and the
collateral constraint jointly imply a negative effect of borrower household debt on
her consumption.

For the borrower household, the linearized first order conditions with respect to
consumption and housing, the budget constraint and the borrowing constraint (for
the underlying nonlinear first order conditions see Section G.1) are given by

ĈCC,t = − 1

σCC

(
R̂CC,t − Π̂t+1

)
+ EtĈCC,t+1 −

1

σCC

1− βCC RΠ
R
Π
βCC

Λ̂CC2,t (88)

Q̂H,t =

(
1− βCC −

(
1− βCC

R

Π

)
kCCΠ

R

)(
−σH,CCĤCC,t + σCCĈCC,t

)
(89)

+βCC

[
σCC

(
ĈCC,t − EtĈC,t+1

)
+ Q̂H,t+1

]
+kCC

(
1− βCC

R

Π

)
Π

R

[
Λ̂CC2,t + EtΠ̂t+1 + EtQ̂H,t+1 − R̂CC,t

]
b̂CC,t =

R

Π

(
bCC
Y

(
R̂t−1 − Π̂t

)
+ b̂CC,t−1

)
+ (1 + τC)

CCC
Y

ĈCC,t (90)

+
(
ĤCC,t − ĤCC,t−1

) QHHCC

Y
− (1− τw)

wNCC

Y

(
N̂CC,t + ŵCC,t

)
b̂CC,t = kCC

QHHCC

Y
Et

[(
Π̂t+1 + Q̂H,t+1 + ĤCC,t − R̂t

)]
(91)

where Λ̂CC2,t is defined analogously to Λ̂E2,t. From these equations, one may describe
the effect of the forward guidance policy on the consumption of the credit constrained
household displayed in Figure 14 as follows. The borrowing constraint (91) implies
that consumption cannot increase on impact to the response to the anticipated de-
cline in R̂CC,t. Instead, the anticipated decline in the interest rate increases current
and future expected values of Λ̂CC2,t, i.e. the benefit of saving one more unit of
income due to the associated future relaxation of the borrowing constraint. Hence
the demand for housing (see equation (89)) increases, while consumption declines.

For the entrepreneur, the relevant equations are (77) to (81). Note that un-
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der the assumption of partial equilibrium (see equation (83)), (78) and (79) are
identical since expected net-returns are equalized across asset classes, and hence(

(1− τK) rH
QH

+ 1
)

= ((1− τK) rK + 1− δ + τKδ). Hence the entrepreneur is indif-
ferent between adjusting its holdings of commercial real estate or physical capital in
response to the policy. In the partial equilibrium simulation, and without any loss
of generality, I therefore replace (89) with

ĤE,t = 0 (92)

G Model with collateral constraints- complete set

of equations (for online publication only)

G.1 Nonlinear model

Saver households first order conditions are given by

ΛS,t =
C

−σS
S,t

1 + τC
(93)

ΛS,t = Et

{
βS

Rt

Π̂t+1

ΛS,t+1

}
+ χb,Sb

−σb,S
S,t (94)

QH,t = χH
H

−σH,S
S,t

Λt
+ βSEt

{
ΛS,t+1

ΛS,t
QH,t+1

}
(95)

(
ΠW,S,t

Π
− 1

)
ΠW,S,t

Π
=

(1− εW )

ξW

(
1−

ξW

2

(
ΠW,S,t

Π
− 1

)2
)

(96)

+
εW

ξW

χN,SN
η
S,t

ΛS,t (1− τW )wS,t

+βSEt

{
ΛS,t+1

ΛS,t

(
ΠW,S,t+1

Π
− 1

) (
ΠW,S,t+1

)2
ΠΠt+1

NS,t+1

NS,t

}

wS,t = wS,t−1
ΠW,S,t

Πt
(97)

Borrower households first order conditions are given by
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ΛCC,t =
C

−σCC
CC,t

(1 + τC)
(98)

ΛCC,t =
βCCEt

{
RCC,t
Πt+1

ΛCC,t+1

}
1− ΛCC2,t

ΛCC,t

(99)

QH,t = χH,CC
H

−σH,CC
CC,t

ΛCC,t
+ βCCEt

{
ΛCC,t+1

ΛCC,t
QHt+1

}
(100)

+βCC
ΛCC2,t

ΛCC,t

LTVCC,tEt
[
Πt+1QHt+1

]
Rt

(101)

bCC,t = (1 + τC)CCC,t + TCC,t +QH,t
(
HCC,t −HCC,t−1

)
(102)

+
RCC,t−1bCC,t−1

Πt
− (1− τw)NCC,t

ξW

2

(
WCC,t

WCC,t−1

1

Π
− 1

)2 WCC,t

Pt

bCC,t =
kCCEt

[
Πt+1QHt+1HCC,t

]
RCC,t

(103)

(
ΠW,CC,t

Π
− 1

)
ΠW,CC,t

Π
=

(1− εW )

ξW

(
1−

ξW

2

(
ΠW,CC,t

Π
− 1

)2
)

+
εW

ξW

χN,CCN
η
CC,t

ΛCC,t (1− τw)wCC,t
(104)

+βCCEt

{
ΛCC,t+1

ΛCC,t

(
ΠW,CC,t+1

Π
− 1

) (
ΠW,CC,t+1

)2
ΠΠt+1

NCC,t+1

NCC,t

}

wCC,t = wCC,t−1
ΠW,CC,t

Πt
(105)

where ΛCC2,t denotes the Lagrange multiplier on the borrower household collateral
constraint.

The first order conditions of the entrepreneur are given by
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ΛE,t =
C

−σE
E,t

(1 + τC)
(106)

ΛE,t =
βEEt

{
RE,t
Πt+1

ΛE,t+1

}
1− ΛE2,t

ΛE,t

(107)

Qt = βEEt

{
ΛE,t+1

ΛE,t

[
(1− τK) rK,t+1 + τKδ + (1− δ)Qt+1

]}
(108)

+
ΛE2,t

ΛE,t

kEEt [Πt+1]

RE,t
(109)

QH,t = βEEt

{
ΛE,t+1

ΛE,t

[
rH,t+1

(
1− τK,t+1

)
+QH,t+1

]}
(110)

+
ΛE2,tkE

ΛE,t

Et
[
Πt+1QH,t+1

]
RE,t

(111)

bE,t = (1 + τC)CE,t +QH,tHE,t +Qt
(
KE,t − (1− δ)KE,t−1

)
(112)

+
RE,t−1

Πt
bE,t−1 −

(
QH,t + (1− τK) rH,t

)
HE,t−1 (113)

−
(
(1− τK) rK,t

)
KE,t−1 − τKδKE,t−1

bE,t =
kEEt

[
Πt+1QH,t+1Ht + Πt+1KE,t

]
RE,t

(114)

where ΛE2,t denotes the Lagrange multiplier on the entrepreneurial household collat-
eral constraint.

Financial intermediaries:

RE,t = Rt (115)

RCC,t = Rt (116)

Retailers first order conditions are given by

(
Πt

Π
− 1

)
Πt

Π
+ ε− 1 =

ε

ξP

(
mct +

ξP

2

(
Πt

Π
− 1

)2
)

(117)

+βEt

{
Λt+1

Λt

(
Πt+1

Π
− 1

)
Πt+1

Π

Yt+1

Yt

}
wS,t = mct (1− ω) (1− αK − αH)

Yt

NS,t
(118)

wCC,t = mctω (1− αK − αH)
Yt

NCC,t
(119)

rK,t = mctαK
Yt

KE,t−1
(120)

rH,t = mctαH
Yt

HE,t−1
(121)

Yt = AtN
(1−ω)(1−αK−αH )
S,t N

ω(1−αK−αH )
CC,t K

αK
t−1H

αH
t−1 (122)
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The investment and capital accumulation equations remains unchanged:

1 = Qt

[
1−

ξI

2

(
It

It−1
− 1

)2

− ξI
(

It

It−1
− 1

)]
(123)

+βSEt

{
ΛS,t+1

ΛS,t

(
It+1

It

)2

ξI

(
It+1

It
− 1

)
Qt+1

}
(124)

Kt = (1− δ)Kt−1 + It

(
1−

ξI

2

(
It

It−1
− 1

)2
)

(125)

Market clearing requires

Ct = CS,t + CCC,t + CE,t (126)

Yt = Ct + It +Gt + Yt
ξP

2

(
Πt

Π
− 1

)2

(127)

+
ξW

2

(
ΠW,S,t

Π
− 1

)2

wS,tNS,t +
ξW

2

(
ΠW,CC,t

Π
− 1

)2

wCC,tNCC,t (128)

Kt = KE,t (129)

H = HS,t +HCC,t +HE,t (130)

bS,t = bG,t + bCC,t + bE,t (131)

The government budget constraint, fiscal rule and monetary policy rule are given
by

bG,t =
Rt−1

Πt
bG,t−1 +Gt (132)

−
(
Tt + τw,t

(
wCC,tNCC,t + wS,tNS,t

)
+ τC,tCt + τK,t

((
rK,t − δ

)
KE,t−1

)
+ rH,tHE,t−1

)
dTt

TS,t
= τbb̂G,t−1 (133)

R̂t = (1− dp,t)
(

(1− φi)
(
φπΠ̂t +

φy

4

(
Ŷt − Ŷ pt

))
+ φiR̂t−1

)
+ dp,tR̂p,t (134)

G.2 Linearized equations (purely for the benefit of the ref-

eree)

The list of equations starts on the next page.

70



© Illustrations : �National Bank of Belgium

Layout : Analysis and Research Group 
Cover : NBB AG – Prepress & Image

Published in January 2019

Editor

Pierre Wunsch
Governor of the National Bank of Belgium

National Bank of Belgium 
Limited liability company 
RLP Brussels – Company’s number : 0203.201.340 
Registered office : boulevard de Berlaimont 14 – BE -1000 Brussels 
www.nbb.be



ĈS,t = −θS
1

σS

[
R̂t − EtΠ̂t+1 + ε̂r,t

]
+ θSEtĈS,t+1 + (1 − θS)

σS,b

σS

Y

bS

(
b̂G,t + b̂CC,t + b̂E,t

)
(135)

Q̂H,t = (1 − βS)
(
−σH,SĤS,t + σSĈO,t

)
+ βCCEt

{
σS

(
ĈS,t − ĈS,t+1

)
+ Q̂H,t+1

}
(136)

ŵS,t =
1

1 + βS

(
κw

(
ηN̂S,t + σSĈS,t − ŵS,t

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

)
+ εw,t (137)

ĈCC,t = −
1

σCC

(
R̂CC,t − EtΠ̂t+1

)
+ EtĈCC,t+1 −

1

σCC

1 − βCC
R
Π

R
Π

1

βCC
Λ̂CC2,t (138)

Q̂H,t =

(
1 − βCC −

(
1 − βCC

R

Π

)
kCCΠ

R

)(
−σH,CCĤCC,t + σCC ĈCC,t

)
+ (139)

βCC

[
σCC

(
ĈCC,t − EtĈC,t+1

)
+ EtQ̂H,t+1

]
+ kCC

(
1 − βCC

R

Π
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Π

R
Et
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R

Π

(
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Y

(
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)
+ b̂CC,t−1

)
+ (1 + τC)

CCC

Y
ĈCC,t (140)

+
(
ĤCC,t − ĤCC,t−1

) QHHCC
Y

− (1 − τw)
wNCC

Y

(
N̂CC,t + ŵCC,t

)
(141)

b̂CC,t =
bCC

Y
Et

{
Π̂t+1 + Q̂H,t+1 + ĤCC,t − R̂t,CC

}
(142)

ŵCC,t =
1
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(
κw
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ηN̂CC,t + σCC ĈCC,t − ŵCC,t
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+ εw,t (143)
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1

σE

1 − βE
R
Π
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Π
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Q̂t = βE
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σE
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ĈE,t − EtĈE,t+1
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(145)
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ĈE,t +

(
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Ĉt − τK

[
KE

Y

(
(rK − δ) K̂E,t−1 + rK r̂K,t

)
+
rHHE

Y

(
r̂H,t + ĤE,t−1
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