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Abstract

I examine how the effects of fiscal policy and forward guidance are shaped by
preferences over wealth calibrated based on microeconomic evidence on house-
hold saving behavior and individual discount rates in a stylized and a medium
scale DSGE model. This assumption effectively limits the horizon of uncon-
strained households. Therefore, the contractionary effect of a permanent cut in
government expenditure implemented during a period when monetary policy is
constrained by the zero lower bound becomes larger due to smaller crowding in
of unconstrained household consumption. Furthermore, the assumption much
reduces the effect of forward guidance on the future policy interest rate.

JEL Codes: E52; E62; E32. Keywords: Forward guidance, Fiscal consoli-
dation, finite horizon, zero lower bound.

1 Introduction
The manner in which households and firms respond to the future stance of fiscal and
monetary policy is at the heart of recent macroeconomic debates. More specifically,
in standard models, a fiscal contraction enacted during a period when monetary
policy is constrained by the zero lower bound has very different effects on private
consumption depending whether it is anticipated to be temporary or permanent (e.g.
Woodford (2011), Denes et al. (2013)). A temporary fiscal contraction lasting as
long as the period of constrained monetary policy reduces consumption by lowering
inflation and thus increasing the real interest rate. By contrast, a permanent fiscal
contraction tends to crowd in the consumption of forward looking households, as it
entails the promise of a period of looser-than-otherwise monetary policy after the exit
from the zero lower bound and a permanently lower tax burden in the new steady
state the economy will ultimately converge to. Another topical example illustrating
∗The copyright of this paper belongs to Ansgar Rannenberg.
†The opinions expressed here are those of the author and do not necessarily represent those of

the Central Bank of Ireland or the European System of Central Banks.
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the role of expectations is the effect of forward guidance by the central Bank regarding
the path of the future policy interest rate. Credible announcements to keep the policy
rate “lower for longer” can overcome the zero lower bound constraint (e.g. Eggertsson
and Woodford (2003)). As shown by Del Negro et al. (2015) and Carlstrom et al.
(2015), the effects of such policies in estimated DSGE models are very strong and
bigger than suggested by the available empirical evidence. A related finding is that
the impact of forward guidance increases exponentially in the length of the forward
guidance episode. A key factor behind these results is the consumption response of
forward looking households.

However, the standard infinite horizon model of the consumer embedded in most
DSGE models is at odds with the micro evidence on the inter-temporal choices of
high income households, who would seem to be the natural real world counterpart
of “Riccardian” households with their unconstrained consumption smoothing oppor-
tunities. Firstly, as has been shown by Carroll (2000), the standard model under
predicts the saving of high income households relative to their permanent income.
More specifically, the marginal propensity to save out of an increase in their per-
manent income is zero in the model, but estimated by Dynant et al. (2004) and
Kumhof et al. (2014) to lie between 0.25 and 0.5 depending on the specific income
bracket considered. Secondly, the micro evidence on individual discount rates typ-
ically estimates them to be substantially higher than market interest rates relevant
for the inter temporal choice under examination by the researcher, even for income
rich and highly educated individuals (e.g. Harrison et al. (2002) and Warner and
Pleeter (2001)). This discrepancy cannot be accommodated by the standard model,
where the individual discount rate applied to future nominal income streams always
equals the inverse of the (gross) nominal interest rate, implying that financial market
exactly compensate the household’s impatience.

This paper examines the macroeconomic effects of fiscal policy and forward guid-
ance at the zero lower bound in a framework where consumption smoothing house-
holds derive utility from accumulating wealth in the form of safe assets. Carroll
(2000), Francis (2009) and Kumhof et al. (2014) show that such a “capitalist spirit”
assumption allows the infinite horizon model to replicate the saving behavior of rich
households, while Fisher (2015) appeals to liquidity preference as an additional mo-
tivation. Furthermore, by generating a marginal benefit of saving over and above
increasing future consumption, this assumptions also allows the equilibrium market
interest rate to fall short of the individual discount rate households apply to future
income streams, thus introducing discounting into the linearized Euler equation. I
first embed these preferences in a linear fashion in the small, analytically tractable
New Keynesian model used by Woodford (2011) and calibrate them based on the
aforementioned microevidence. As a result, the effect of temporary and permanent
fiscal contractions in the presence of the zero lower bound become much more sim-
ilar than in the absence of preferences over wealth. A permanent contraction in
government consumption causes a smaller crowding in of private consumption as
households discount the decline in their future tax burden more heavily. Further-
more with preferences over wealth, announcements of the Central Bank regarding
the path of the future policy rate have much smaller and for reasonable calibrations
increases linearly in the length of the forward guidance episode.

I then embed these preferences into a medium scale DSGE model with capital
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accumulation, sticky prices and wages and credit constrained households and firms.
In this richer model I also allow for curvature in the utility derived from wealth,
which I calibrate such that the marginal propensity to save out of an increase in
their permanent matches the aforementioned micro evidence. Regarding the impact
of fiscal policy, the main results of the simple model carry over to the medium scale
model. An additional result absent from the simple model is that with preferences
over wealth, adding credit constraints has a much bigger impact on the contractionary
effect of permanent government spending shocks. Without preferences over wealth,
adding credit constrained households and firms causes an even bigger crowding in of
unconstrained household consumption than without constrained agents, triggered by
a stronger monetary loosening during the transitional phase following the economy’s
exit from the ZLB. This offsetting behavior by unconstrained households considerably
dilutes the effect of adding the credit constraints in the first place. By contrast,
with preferences over wealth, this offsetting movement of unconstrained household
consumption is essentially absent as unconstrained households are less sensitive to
real interest rate movements in the distant future.

Furthermore, as in the simple model, adding preferences over wealth substan-
tially reduces the impact of forward guidance regarding the future path of the policy
rate. With curvature in the preferences over wealth, the model even comes close
to matching the empirical evidence of Del Negro et al. (2015). Curvature matters
on top of discounting in the Euler equation because forward guidance is associated
with a decline in unconstrained household real wealth, which with curvature implies
an increase in the marginal benefit of saving and thus dampens the consumption
increase associated with the forward guidance policy. Hence it seems that adding
preferences over wealth are a possible solution to the “Forward Guidance puzzle”.

To my knowledge, this paper is the first to analyze the effect of permanent fiscal
policy changes at the zero lower bound in a model where the horizon of unconstrained
forward looking household is effectively limited by assuming preferences over wealth
informed by micro evidence on the intertemporal choices of households. This modi-
fication of household preferences also represents an at least partially novel approach
to addressing the forward guidance puzzle. While Fisher (2015) and Campbell et al.
(2016) also employ the preference specification I use to introduce discounting to the
linearized consumption Euler equation, they find that this assumption makes only a
minor difference for their simulated effect of forward guidance. Part of the explana-
tion might be that their calibration of household preferences over wealth is based on
matching targets obtained from the national accounts rather than micro evidence,
implying less discounting in the Euler equation than my calibration. Furthermore, in
their model unconstrained household wealth and thus the marginal utility of saving is
constant as there are no public or private sector borrowers, implying that curvature
in household preferences over wealth is irrelevant for macroeconomic dynamics. At
the same time, their estimated wage and price markup coefficients are very small, the
estimated degree of habit formation is high and the wealth effect on labor supply is
largely absent, all of which would tend to reduce the effect of forward guidance even
in the absence of preferences over wealth. Other contributions attempting to solve
the forward guidance puzzle by introducing discounting into the linearized consump-
tion Euler equation comprise Del Negro et al. (2015), who replace the infinite horizon
assumption with a Blanchard-Yaari type perpetual youth structure, and McKay et
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al. (2015), who drop the complete markets assumption.
Finally, Lemoine and Linde (2016) examine the effect of permanent government

spending cuts in a monetary union under imperfect credibility regarding the spending
cut’s duration. This approach represents an alternative mechanism limiting the
crowding in of unconstrained household consumption and thus increasing the cost of
permanent spending cuts if monetary policy is constrained.

In the next section, I develop a stylized analytically tractable New Keynesian
model with linear preferences over wealth and credit constrained households, discuss
the micro evidence on individual discount rates I use to parameterize the weight on
wealth in the utility function, and thus the extend of discounting in the linearized
consumption Euler equation, and analyze the effects of changes in government con-
sumption and forward guidance policies at the zero lower bound. In section 3, I
address the same questions in a richer medium scale model, which on top of many
standard features of quantitative models allows for curvature in preferences over
wealth.

2 A stylized model with preferences over wealth and
constrained households

2.1 Households

The economy features a fraction (1 − ω) of households who participate in credit
markets and are thus able to smooth consumption inter-temporally by trading a safe
bond Bt, and a fraction ω which consumes only their disposable income. Household
j derives utility from consumption and the possession of safe government bonds, and
disutility from supplying labor. Her objective is given by

∞∑
i=0

βi

[
C

1−1/σH
j,t+i

1− 1/σH
− χN1+η

j,t+i + φB

(
Bj,t+i

Pt+i

)1−σB
]

(1)

The budget constraint of unconstrained households is given by

Bt + PtCO,t = Rt−1Bt−1 +WtNO,t − PtTO,t + PtΞt (2)

where Pt,, CO,t, Rt, Wt,NO,t, TO,t and Ξtdenote the price level, the consumption
basket, the nominal interest rate on bonds (which is also the policy rate set by the
central bank), the nominal wage, labor supply, real lump sum taxes and real profits
of firms, respectively, while the subscript O refers to unconstrained (“optimizing”)
households. Throughout the paper I adopt the convention that only period t decision
variables are indexed with t, implying that Bt denotes the stock of safe bonds at the
end of period t. This convention also allows to drop the expectations operator on
period t+ 1 + j variables. Preferences over wealth have been found useful, or indeed
necessary, to explain a range of phenomena, the most conventional example being
liquidity preference used to explain the presence of (usually non-interest bearing)
money in agents portfolios. Krishnamurthy and Vissing Jorgenson (2012) argue that
liquidity preference may extend to assets with a positive yield if they have money-like
qualities, and argue that preferences over such assets explain the demand curve for
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US treasuries. Following KVJ, Fisher (2015) argues that the “risk premium shock”
in the estimated DSGE model of Smets and Wouters (2007) can be interpreted as
shocks to the demand for safe and liquid assets (i.e. shocks to φB). Carroll (2000)
argues that “capitalist spirit” type preferences over wealth are necessary to explain
the saving behavior of rich households in US data. Specifically, the standard life-
cycle model substantially under predicts the amount of wealth rich households hold
relative to (estimates of) their permanent income and their propensity to save out of
permanent income changes, as is also argued by Dynant et al. (2004). Francis (2009)
shows that preferences over wealth can replicate this phenomenon. Kumhof et al.
(2014) build on this literature in order to link the increase in US inequality, household
leverage and financial fragility in the decades before the 2008-2009 financial crisis.

The FOCs of unconstrained households with respect to consumption and bonds
are given by

ΛO,t = β
Rt

Π̂t+1

ΛO,t+1 + φB

(
BO,t

Pt

)−σB
(3)

ΛO,t = C
−1/σH
O,t (4)

where ΛO,t denotes the real marginal utility of consumption. Note that (3) differs

from the standard consumption Euler equation due to the presence of φB
(
BO,t
Pt

)−σB
.

Linearizing and combining equations (3) and (4) yields

ĈO,t = −θσH
[
R̂t − Π̂t+1

]
+ θĈO,t+1 + (1− θ)σHσB b̂O,t (5)

where bO,t =
BO,t
Pt

a hat on top of a variable denotes the percentage deviation of that
variable from the non-stochastic steady state, with θ = βR

Π
, i.e. the product of the

steady-state household discount factor and the real interest rate. For the remainder
of this section, I will assume linear preferences over wealth (σB = 0), in order to keep
the model analytically tractable. Iterating (5) until period t+n yields

ĈO,t =
n∑
i=0

−θnσH
[
R̂t+i − Π̂t+1+i

]
+ θnĈO,t+1+n (6)

θ may be interpreted as the equilibrium weight the household attaches to period
t + 1 consumption, i.e. the net effect of utility discounting and the (steady state)
market real interest rate. In the absence of preferences over wealth, θ = 1, implying
that the equilibrium weight of an additional unit of future consumption -no matter
how far removed from the present- equals one. Hence a permanent increase in govern-
ment consumption will reduce (increase) current consumption (the current marginal
utility of consumption) of optimizing households to the same extend that it reduces
(increases) their future (marginal utility of) consumption, no matter how distant the
point in time when the new steady state will be reached. Future changes in the real
interest rate are equally powerful no matter how far away from period t they are lo-
cated. By contrast, with preferences over wealth (θ < 1), the equilibrium weight the
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the household attaches to future periods declines as they are pushed further into the
future. Thus future events will have a smaller effect on the choices of the household
in period t, the more so the further away in time they are located. Even though the
household maximizes over an infinite number of periods, her effective horizon is thus
finite.

Constrained households are assumed to have identical preferences over consump-
tion and labor but preference over wealth, and are unable to save or borrow, implying
that their consumption is given by

CROT,t = wtNROT,t − TROT,t (7)

where we use the subscript ROT (=Rule of Thumb) to denote constrained house-
holds. Their real marginal utility of consumption is given by

ΛROT,t = C
−1/σH
ROT,t (8)

2.2 Wage setting

I assume that there is a continuum of unions which recruit the labor of both household
types according to their share in the population, and transforms their labor into
a specific variety i, which forms part of a CES labor basket employed by firms.
The union operates under monopolistic competition and sets a joint wage for both
household types. The demand curve for labor variety i is given by

N (i)t =

(
wt (i)

wt

)−ew
Nt

where wt = Wt

Pt
and ew > 1 denotes the demand elasticity for type i labor. Due to

the assumption of identical preferences over consumption and labor across household
types, we can write the union’s problem as maximizing

wt (i) ΛtN (i)t + χ
N (i)1+η

t

1 + η

subject to

N (i)t =

(
wt (i)

wt

)−ew
Nt

where
Λt = ωΛROT,t + (1− ω) ΛO,t (9)

The union’s FOC is thus given by

wtΛt = χNη
t µw (10)

where µw > 1 denotes the markup of the real wage over the aggregate marginal rate
of substitution of both household types.
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2.3 Retailers

There is a continuum of monopolistically competitive firms owned by unconstrained
households which each produce a variety j from a CES basked of goods. They set
prices subject to nominal rigidities in the form of Calvo (1983) pricing, i.e. a fraction
ξp of firms is unable to reset their price in a given period. The production technology
of firm j is given by

Yt (j) = Nα
t (j) (11)

with α ≤ 1, implying that their real marginal cost mctis denoted as

mct =
wt

Nα−1
t

(12)

These assumptions imply that up to first order, inflation evolves according to the
familiar New Keynesian Phillips Curve

Π̂t =
(1− ξp) (1− βξp)

ξp
m̂ct + βΠ̂t+1 (13)

2.4 Government

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

Bt = (1 +Rt)Bt−1 + PtGt − Pt ((1− ω)TO,t + ωTROT,t) (14)

For simplicity, I assume that in the steady state, government debt is zero, taxes
on unconstrained households TO,t exactly equal the profits of firms, and taxes on con-
strained households are zero. This assumption requires that the share of government
expenditure in GDP equals the profit share.1 As a consequence, the steady state
consumption level is identical across household types. Furthermore, I assume that
government solvency is guaranteed by varying taxes on unconstrained households
only, implying that the evolution of government debt does not matter for macroeco-
nomic dynamics.

However, I assume that an increase in government consumption may be partially
funded by taxing credit constrained households, i.e.

φROT,SdGt = dTROT,t (15)

where φROT,t denotes the per-capita increase in taxes on credit constrained house-
holds per unit of dGt. φROT,t has a t index since I will below allow φROT,t to vary
exogenously.

Monetary policy is described by a simple rule where the Central Bank responds to
inflation and the deviation of output from its flexible price level ΓĜt, which for a given
actual output level depends positively on government consumption as a consequence
of the wealth effect on labor supply.

1Hence G
Y =

(
1− 1

µP

)
, where µP denotes the price markup.
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R̂t = max
(
φπΠ̂t + φy

(
Ŷt − ΓĜt

)
,−i
)

(16)

where i denotes the steady state nominal interest rate.

2.5 Equilibrium

Total consumption is the sum of constrained and unconstrained household consump-
tion:

Ct = (1− ω)CO,t + ωCROT,t (17)

GDP is the sum of household and government consumption

Yt = Ct +Gt (18)

2.6 Linearized equations

Linearizing and combining the above equations allows to express the model in three
equations (for details see the appendix):

Ŷt = θŶt+1 − θσ̃
(
R̂t − Π̂t+1 − rnett

)
+ σg,tĜt − θσg,t+1Ĝt+1 (19)

Π̂t = κ(Ŷt − ΓĜt) + βΠ̂t+1 (20)

R̂t = max
(
φπΠ̂t + φy

(
Ŷt − ΓĜt

)
, R̂L

)
(21)

The meaning of the reduced form coefficients can be obtained from table 1. In
the absence of constrained households (ω = 0), and without preferences over wealth
(θ = 1), the model collapses to the familiar New Keynesian three equation model
(i.e. σ̃ = σand σg,t = 1). By contrast, for ω > 0 and debt financing or taxation
of unconstrained households only (φROT,t = 0), the model features a “Keynesian
multiplier effect” of the type observed in the simple Keynesian income-expenditure
model (σg,t > 1). For a given real interest rate R̂t− Π̂t+1, an increase in government
spending Ĝt increases the consumption of constrained households due to higher em-
ployment and wages, implying that the overall increase in GDP exceeds the increase
in government consumption. Furthermore, for ω > 0, GDP also becomes more sen-
sitive to the real interest rate. Intuitively, for ω > 0 a decline in the real interest
raises not only unconstrained household consumption but also constrained household
employment and disposable income. As constrained household spend all of their dis-
posable income, the total increase in consumption and GDP is typically higher than
in their absence.2

The presence of Ĝtin the monetary policy rule reflects the fact that in the flexible
price economy, an increase in government expenditure crowds out private consump-
tion, which increases labor supply. Finally, rnett denotes a consumption preference
shock, i.e. a shock to the natural rate of interest.

2For σ̃ > σ to hold, one needs C
Y

(
1
σH

+ 1+η
α

)
> 1. For σH ≤ 1 and reasonable calibrations for

C
Y , this condition will generally met for permissible values of the other parameters.
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Table 1: Reduced form coefficients of the stylized model
σ σ̃ σg,t β Γ κ ηv

σH
C
Y

σ(1−ω)

(1−ωC
σY
−C
Y
ω(1+η)
α )

(1−ωC
σY )−ωφROT,t

(1−ωC
σY
−C
Y
ω(1+η)
α )

θ
R/Π

1
σ

1
σ

+ηv

(1−ξp)(1−βξp)

ξp

(
1
σ

+ ηv
)

1−α+η
α

2.7 Calibration

Regarding the standard parameters (Table 2), I follow Woodford (2011). The as-
sumed target for R

Π
implies that for θ = 1, β is as in Woodford (2011). For the share

of constrained households, I consider two values, namely 0 and 0.15. I assume that
monetary policy outside the ZLB is described by the standard Taylor rule coefficients.

Table 2: Parameters in the stylized model
σ η R

Π
α Γ ω C

Y
φy φπ µ θ

0.8621 1.6 1/0.997 1 0.4203 0; 0.15 0.8 0.5/4 1.5 0.875 0.96− 1.0

For θ, I consider values between 0.96 and 1. This calibration is based on a large
literature attempting to estimate the personal discount rate from micro data. Note
that the bond Euler equation may be rearranged as

1−
φB

(
BO,t
Pt

)−σB
ΛO,t

= Rtβ
ΛO,t+1

Π̂t+1ΛO,t

or

1−
φB

(
BO,t
Pt

)−σB
ΛO,t

=
1 + it
1 + dt

(22)

where it = Rt−1 and 1+dt = β
ΛO,t+1

Π̂t+1ΛO,t
denotes the -time varying- stochastic discount

factor the household applies to nominal t + 1 income. In the steady state, we have
1 − φB

ΛO
= βR

Π
= θ. However, for θ close 1, 1+it

1+dt
represents a good approximation of

θ even outside the steady state.3 Therefore, even for large deviation of consumption
or bonds from their respective steady states, we have

θ ≈ 1 + it
1 + dt

(23)

Hence θ may be estimated using an estimate of the personal discount rate and an
appropriate market interest rate. 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

3A linear approximation of the left hand side of equation (22) yields
φB

(
BO,t
Pt

)−σB

ΛO

(
Λ̂O,t + σB b̂O,t

)
= (1− θ)

(
σB b̂O,t − 1

σH
σHĈo,t

)
. Hence for 1 − θ close to

zero and reasonable calibrations of σH and σB even large deviations of ĈO,tand b̂O,t would only
slightly bias the estimate of θ.
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of inter temporal trade-offs (see Table 3). These range from trading off the energy effi-
ciency and price price of household appliances (Ruderman et al. (1984)) to the effects
of paying bonuses (Cylke et al. (1982)) or severance packages (Warner and Pleeter
(2001)) as a lump sump sums instead of installments, as well as field experiments
where probants choose between a payment and a higher deferred payment (Harrison
et al. (2002)). As can be obtained from Table 3, the elicited discount rates are quite
high, although typically below the estimate of 33% of Friedman (1962,1957). What
is more, they also typically exceed safe market interest rates on safe investments
with a comparable maturity observed at the time the discount rates were elicited,
implying that the implied value of θis smaller than one, sometimes substantially so.
Since I interpret the optimizing households as “rich” 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’s (2002) elicit discount rate of officers of the United States armed forces
choosing between two severance packages during the 1992-1995 military draw-down.4
My calibration for θ is thus clearly at the upper end of what is implied by the available
evidence.

4The 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 individuals in the
same age group.
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2.8 Determinacy conditions and fiscal multipliers

As shown in the appendix, as long as monetary policy is not constrained by the zero
lower bound and is not expected to be so in the future, the necessary and sufficient
condition for a unique and stable equilibrium is given by the following proposition:

Proposition 1: Consider an economy described by equations (19) to (21). Then
the necessary and sufficient condition for a unique and stable equilibrium is given by
φy(1−β)

κ
+ φπ > 1− (1−β)(1−θ)

θκσ̃
. Proof: see Appendix 8.2.

For θ = 1, the condition collapses to the familiar requirement that to ruling out
sunspot equilibria requires an active monetary policy, i.e. the real interest rate has
to rise if inflation increases (e.g. Woodford (2003)). For θ < 1, the economy becomes
less prone to expectation driven fluctuations, as the right hand side of the equation
becomes smaller as θ and thus β decline, as expectations of future real interest rates
now have an exponentially decreasing effect on aggregate demand (see equation 19).
However, I restrict the discussion below to calibrations of the monetary policy rule
which yield a unique and stable equilibrium for all values of θconsidered.

Assuming that the share of the increase in government expenditure funded via
taxes on credit constrained households is fixed, the fiscal multiplier is determined as
follows:

Proposition 2: Consider an economy described by equations (19) to (21), with
government spending described by Ĝt = ρĜt−1 , with ρ < 1. Assume also that the
tax burden of ROT households per unit of dGt remains fixed at φROT,t = φROT ≥
0. Assume also that the determinacy condition given of Proposition 1 holds. The
minimum state variable solutions for output and inflation are given by

Ŷt = γyĜt

Π̂t = γπĜt

with

γy =
σg(1− ρθ) + Γσ̃θ(φy + κ(φπ−ρ)

(1−βρ)
)

(1− ρθ) + σ̃θ
(
φy + κ(φπ−ρ)

(1−βρ)

)

γπ =
κ(1− ρθ) (σg − Γ)

(1− ρθ) + σ̃θ
(
φy + κ(φπ−ρ)

(1−βρ)

)
Proof: See Appendix 8.3.1.

In the absence of constrained households (σg=1), γy < 1 as an increase in gov-
ernment spending increases flexible price output by less than one for one (Γ < 1).
Furthermore, the fiscal multiplier decreases in the persistence of the government
spending shock ρ, the slope of the Phillips curve κ, the hawkishness of monetary
policy (φy and φπ) and θ. For a permanent government spending increase and no
preferences over wealth (ρ = 1 and θ = 1), γy = Γ, i.e. the increase in GDP
corresponds exactly to the increase in flexible price output caused by the wealth
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effect on labor supply, implying that inflation remains is (γπ = 0). Intuitively, for
a given household income, the increase in government consumption reduces private
consumption one-for one, which however expands labor supply and GDP, implying
that in general equilibrium private consumption declines by less. With θ < 1, γy > Γ
and γπ > 0, households discount the higher marginal utility associated with a unit
of future consumption more heavily compared to the market interest rate, implying
that even for a given expected path of their income, their consumption declines less
than one for one. As a result, the real interest rate increases permanently.

I now assume that an exogenous decline in the natural rate of interest hits the
economy, i.e. rnett takes a negative value rL, with the superscript L denoting the
“low state” of the economy, following Eggertsson (2008) and Woodford (2011). This
decline in the natural rate is sufficiently big to reduce the policy rate to its lower
bound (if that bound is zero, R̂L = 1−R

R
). Furthermore, with probability µ, rnett will

continue to equal rL in the following quarter, while with probability (1− µ), it will
return to zero, and is expected to remain there forever. If the determinacy condition
in proposition 1 is met, the condition for determinacy in the low state is given by:

Proposition 3: Consider an economy described by equations (19) to (21), and
assume that rnett takes a value rL sufficiently negative for R̂L = −i. Assume fur-
ther that rnett+1 = rL with probability µ, and rnett+1 = 0 with probability (1 − µ),
and that once rnett+i = 0 , it is expected to remain there forever after. Then the
necessary and sufficient condition for a unique and stable equilibrium is given by
(1− µβ) (1− θµ) > θσ̃κµ. Proof: see Appendix 9.1.

For θ = 1, this condition is identical to the one given in Woodford (2011). For
θ < 1, the economy becomes less prone to expectation driven fluctuations, as the left
hand side of the equation increases and the right hand side declines as θ and thus β
decline.

I now assume that during the low state, the government may increase spending
by a percentage ĜL of steady state output. After the end of the low state, the
government will revert its spending to zero with a probability 1−λ and keep spending
at ĜL with probability λ. I denote this transitional state in which the economy has
exited the ZLB but government spending remains elevated as S. Furthermore, I
assume that the share of ĜL funded by taxes on constrained households remains
fixed within the two states, i.e. φROT,t = φROT,L and φROT,t = φROT,S during the low
state and the transitional state, respectively.

Hence the economy in the low state is described by

ŶL−σg,LĜL = θ(µŶL−µσg,LĜL+λ(1−µ)ŶS−λ(1−µ)σg,SĜL)−σ̃θ
(
R̂L − µΠ̂L − (1− µ)λΠ̂S − rL

)
(24)

Π̂L = κ(ŶL − ΓĜL) + β
(
µΠ̂L + (1− µ)λΠ̂S

)
(25)

The effect of a change in government expenditure on GDP in the low state is thus
determined as follows:

Proposition 4: Take the assumptions from proposition 3 and ad that during the
low state L Ĝt = ĜL, while after the end of state L, Ĝt = ĜLwith probability λ and
Ĝt = 0 with probability (1 − λ). Furthermore, during state L φROT,t = φROT,L ≥ 0
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, and during state S, φROT,t = φROT,S ≥ 0 respectively. Then GDP and inflation
during the low state are described by

ŶL = γGLYLĜL + γrLYL

(
rL − R̂L

)
Π̂L = γGLΠLĜL + γrLΠL

(
rL − R̂L

)
with

γGLYL =
(1− θµ) (1− βµ)σg,L − κθσ̃µΓ + σ̃θ(1− µ)λγπ + θλ(1− µ) (1− βµ) (γy − σg,S)

(1− θµ) (1− βµ)− κθσ̃µ

γΠL = κ
(1− θµ) (σg,L − Γ) + σ̃θ(1−µ)λγπ

1−βµ + θλ(1− µ) (γy − σg,S)

(1− θµ) (1− βµ)− κθσ̃µ
+
β (1− µ)λγπ

1− βµ
with

γrLYL =
σ̃θ (1− βµ)

(1− θµ) (1− βµ)− κθσ̃µ

γrLΠL =
κσ̃θ

(1− θµ) (1− βµ)− κθσ̃µ

with γy and γπ as determined in proposition 2 and ρ = λ. Proof: See Appendix
9.2.

I now examine the effect of an increase in government consumption on GDP in
the low state under the calibrations given in Table 3. Throughout, I will assume
that during the low state, taxes on constrained households remain fixed at zero
(φROT,L = 0).

In case of a stimulus expected to last only as long as the economy’s low state
(λ = 0), no credit constraint households (ω = 0 and thus σg = 1) , zero probability
of the low state persisting into the next period (µ = 0) and no stimulus during the
high state (λ = 0), the multiplier equals exactly 1. Intuitively, in the absence of credit
constrained households, perfectly timed fiscal stimulus affects private consumption
only via its effect on expected (as opposed to current) inflation and thus the real
interest rate, but this effect is zero if the low state ends with certainty in the next
period. If the low state is expected to persist with some probability (µ > 0), γGLYL ≥
1 (as Γ < 1), expected inflation increases and the (sum of future) real interest rate
declines, which crowds in private consumption. As can be obtained from Figure 1,
the multiplier monotonously increases in the expected duration of the low state DL

(with DL = 1
1−µ), exponentially so for high values of DL. However, the increase

in the multiplier is smaller for lower values of θ. For instance, for an expected
duration of the low state of 10 quarters, and no constrained households (ω = 0), the
multiplier equals 2.1 without preferences over wealth, but only 1.3 for θ = 0.96. Lower
values of θ reduce importance of future real interest rates for current consumption
of forward looking households (see equation (6) )), and also reduces the effect of
expected inflation rates in periods t + 2 and higher on period t + 1 inflation, as
lowering θ also lower β for a given steady state real interest rate (see equation 20).

Adding credit constraint households to the model (ω = 0.15) increases the fis-
cal multiplier for all values of µ and θ. Even if the economy exits the low state
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in the next period with certainty (µ = 0), a fiscal stimulus will crowd in private
consumption by increasing the disposable income of credit constraint households via
higher employment and a higher real wage, implying a multiplier larger than 1 (as
σg,L > 1). If the low state is expected to persist with some probability (µ > 0), the
stronger stimulative effect of government spending thus translates into a stronger
increase in expected inflation than without credit constrained households and thus a
bigger decline in the real interest rate. Furthermore, in the presence of constrained
households, GDP becomes more sensitive to the real interest rate, i.e. θσ̃ in equation
(25) increases due to a larger σ̃.

As without constrained households, the effect of µ on the multiplier is smaller for
θ < 1. The observed attenuation of the relationship between µ and the multiplier
is however much bigger. The larger interest rate sensitivity in the presence of con-
strained households θσ̃ due to the higher value ofσ̃ implies that θσ̃ also declines more
in θ than in in the absence of constrained households. Furthermore, in the presence
of constrained households, a given reduction in the real interest rate sensitivity due
to a lower θ multiplies with a larger reduction in the real interest rate due to a bigger
increase in inflation and output, as σg > 1.
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Figure 1: Fiscal multiplier during low state, short term stimulus(λ = 0)
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Note: Effects on output, unconstrained household consumption and annualized in-
flation of increasing government spending by 1% of GDP during the low state only
(λ = 0). GDP and unconstrained household consumption are expressed as a percent-
age of steady state GDP. Taxes on credit constrained households are fixed at zero
(φROT,L = 0). The horizontal axis depicts the expected duration of the low state
DL = 1

1−µ . All other parameters are as in Table 2.

I now examine the case where the increase in government expenditure is expected
to persist beyond the duration of the zero lower bound (i.e. λ > 0). I assume that
during this transitional state, the share of the government consumption increase
funded via taxes on credit constrained households corresponds to their population
share (φROT,S = 1). Extending the increase in government expenditure beyond the
length of the zero lower bound lowers the fiscal multiplier (see Figure 2) for all values
of θ considered, especially so once λ > 0.8. However, the negative effect of increasing
λ is strongest in the absence of preferences over wealth (θ = 1), as can be obtained
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from the black solid line. For instance, in the absence of constrained households
(ω = 0) and λ = 0, 0.8 and 1, the multiplier equals 1.4, 1.2 and 0.4, respectively.
Intuitively, outside the zero lower bound, an increase in government expenditure
causes an increase in the real interest rate via the central bank’s reaction function,
which lowers current consumption of unconstrained households, the more so the
longer the increase in government spending and thus the period of high real interest
rates is expected to last (see equation (6)). For a permanent increase in government
expenditure (λ = 1), the consumption of forward looking households moves to a new
lower steady state once the economy exits the zero lower bound, which for θ = 1
affects current consumption one for one. By contrast, for θ < 1, the multiplier is
much less sensitive to increasing λ. For instance, for θ = 0.96, values of λ = 0, 0.8 and
1 correspond to multipliers of 1.2, 1.1 and 0.8. The period of elevated interest rates
outside the zero lower bound has a smaller effect on current household consumption,
and a permanent increase in government spending lowers current consumption less
than one-for-one.

In the presence of constrained households (ω = 0.15), allowing for preferences
over wealth attenuates the effect of λ on the multiplier even more. While for θ = 1,
the multiplier decreases from 2.3 to 0.7 as λ moves from zero to one, for θ = 0.96, it
decreases from 1.7 to 1.2.
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Figure 2: Fiscal multiplier during low state with the change in government expendi-
ture outlasting the low state(λ > 0)
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Note: Effects on output, unconstrained household consumption and annualized in-
flation of increasing government spending by 1% of GDP. GDP and unconstrained
household consumption are expressed as a percentage of steady state GDP. The hor-
izontal axis displays the probability λ that the stimulus persists after the economy’s
exit from the low state and thus the ZLB. The expected length of the low state is
8 quarters (i.e.µ = 0.875). During the low state, taxes on credit constrained house-
holds are fixed at zero (φROT,L = 0). During the transitional state, the share of the
government consumption increase funded via taxes on credit constrained households
corresponds to their share in the population (φROT,S = 1). All other parameters are
as in Table 2.

2.9 Forward guidance

I now turn examine the effects of forward guidance regarding the path of the short
term interest rate in the stylized model. Specifically, I assume that once the economy
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exits the ZLB, the central bank nevertheless fixes the interest rate at a level R̂f . Fur-
thermore, it will keep the interest rate at R̂f in subsequent periods with probability
µf , and with probability 1− µf it will revert to its interest feedback rule. The effect
of forward guidance on output and inflation in the low state is then given by

Proposition 4: Take the assumptions from proposition 3 and ad that once the
economy exits the low state, the central bank, with probability λf fixes the interest
rate at a level R̂f . Conditional on fixing the interest rate in the first post-ZLB quarter,
it will keep the quarterly interest rate at R̂f in subsequent periods with probability µf .
With probability 1− µf it will revert to its interest feedback rule (Equation 21 ), and
is expected to stick to this rule forever after. Output and inflation in the low state
are then given by

ŶL = γRfYLR̂f + γrLYL

(
rL − R̂L

)
Π̂L = γRfΠLR̂f + γrLΠL

(
rL − R̂L

)
with

γRfYL = − σ̃θ2λf (1− µ) (κσ̃ + (1− βµ) (1− βµf ))
((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

γRfΠL = −
(1− µ)λfκσ̃θ

[
θ
(

κσ̃
1−βµ + 1− βµf

)
+ β

(
1− θµ− µκθσ̃

1−βµ

)]
((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

To investigate the effect of increasing expected length of the forward guidance episode
Df (where Df= 1

1−µf
), I assume an expected length of the low state DL of 6 quarters

and set λf = 1. These assumptions are consistent with the evidence provided by Del
Negro et al. (2015) on financial market expectations regarding the timing of the exit
of the Federal Funds rate from the ZLB prior to the forward guidance announcements
of the US Federal Reserve in September 2011, January 2012 and September 2013,
as well as their evidence on the announcement’s effect on private sector forecasts of
three month and 10 year treasury bonds. Furthermore, I assume that the central
bank sets R̂f to an annualized value of -0.2%, which is also in line with their evidence.

As can be obtained from Figure 3, with no preferences over wealth, GDP and
inflation in the low state increase exponentially in the expected length of the forward
guidance episodeDf , especially so once there are some credit constrained households.
This result mirrors the finding of Carlstrom et al. (2015), who analyze a deterministic
forward guidance policy. However, in the presence of preferences over wealth (θ < 1),
the increase in GDP is much lower. The dampening of the GDP effect is especially
large in the presence of credit constrained households. For θ = 0.96, the GDP
effect becomes approximately linear in the expected length of the forward guidance
episode. With preferences over wealth and the implied effectively finite horizon,
the low interest rates promised by forward guidance for the recovery period have a
lower effect on current consumption than with an infinite horizon (see equation 6).
Preferences over wealth thus seem to have the potential to alleviate the so called
“Forward guidance puzzle” documented by Del Negro et al. (2015) and Carlstrom et
al. (2015).
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Figure 3: Forward guidance in the simple model
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Note: Effects on output and annualized inflation in the low state of fixing the annu-
alized interest rate at 0.2% below its steady state level once the economy has exited
the low state. The horizontal axis depicts the expected length of the fixed interest
rate policy Df (where Df= 1

1−µf
). The expected length of the low state is 6 quarters

(i.e. µ = 0.83), and the Central Bank embarks on its fixed interest rate policy after
the end of the low state with certainty (λf = 1). All other parameters are as detailed
in Table 2.

3 The impact of preferences over wealth in a medium
scale model

I now investigate whether the impact of preferences over wealth on the effects of
fiscal policy and forward guidance carry over to a richer, quantitative model. Like
the simple model of the previous section, it features constrained and rule of thumb
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(or credit constrained) households. Unconstrained households save in the form of
government bonds and safe deposits, and have preferences over wealth, where I ex-
amine both linear preferences and preferences with curvature. Both household types
supply labor to retailers via a labor union, which sets a common wage for both. An
entrepreneurial sector owns and accumulates the capital stock, who obtains exter-
nal funds in the form of one period loans from a financial intermediary. The cost
of external finance of entrepreneurs increases in their leverage due to a costly state
verification (CSV) problem as in Bernanke et al. (1999). Entrepreneurs rent their
capital stock to retailers. Retailers produce the homogeneous output good employ-
ing physical capital and labor in a Cobb Douglas technology. Perfectly competitive
investment good producers owned by unconstrained households convert the output
good into new capital goods and sell them to entrepreneurs. Investment goods pro-
ducers are subject to investment adjustment costs, while retailers and unions are
subject to nominal rigidities in the form of Calvo contracts. The full set of linearized
equations can be obtained from Appendix 11. I estimate key parameters of the model
by matching the impulse response functions of a VAR to a monetary policy and a
government spending shock.

3.1 Financial accelerator

We will consider a version of the model with a financial accelerator along the lines of
Bernanke et al. (1999). Risk neutral entrepreneurs accumulate the physical capital
stock K̂t and rent it to retailers. After the collection of rental income, the liquidate
their capital stock. Their period t return on capital R̂K

t is thus given by

R̂K
t = Π̂t +

Π
(
drkt (1− τK) + Q̂t (1− δ)

)
Rk

− Q̂t−1 (26)

where drkt and Q̂tdenote the deviation of the rental rate on physical capital and
the price of a unit of capital from their respective steady states, respectively. En-
trepreneurs fund their capital stock using their own net worth N̂t and a loan from a
financial intermediary. As a consequence of idiosyncratic shocks to the return on cap-
ital, some entrepreneurs default on their debt in period t+ 1. In case of default, the
bank seizes a fraction (1− µ)of the assets of the entrepreneur, while the remainder
represents a monitoring costs. Banks pass the costs of bankruptcy to entrepreneurs
in the form a of a state contingent debt contract, implying that the always earn the
save interest rate Rt. As a result, the entrepreneurs first order conditions require
a positive relationship between the spread of the entrepreneurs expected return on
capital EtR̂K

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

EtR̂
K
t+1 − R̂t = χφ

e
(
Q̂t + K̂t − N̂t

)
(27)

with χφe > 0 if bankruptcy is costly (i.e. if µ > 0). EtR̂K
t+1 − R̂t is typically referred

to as the cost of external finance. Furthermore, each period a small fraction 1− γ of
entrepreneurs dies each and consumes its net worth, and are replaced with a fraction
of newly born entrepreneurs. This assumption assures that entrepreneurs never be-
come fully self-financing. Entrepreneurs supply one unit of labor to retailers at wage
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we,t, which allows newly borne entrepreneurs to start their business. Entrepreneurial
net worth thus depends positively on on past net worth and the real return on capi-
tal net of bankruptcy costs (1− µG (ω))

(
R̂K
t − Π̂t

)
as well as negatively on the real

save interest rate R̂t−1 − Π̂t

N̂t = γ

 R
Π
N̂t−1 + φe R

K

Π
(1− µG (ω))

(
R̂K
t − Π̂t

)
+ φe

(
Rk

Π
(1− µG (ω))− R

Π

)(
Q̂t−1 + K̂t−1

)
−R

Π
(φe − 1)

(
R̂t−1 − Π̂t

)
− φe RK

Π
µG′ (ω)$$̂t

+(1−γ V
N

)ŵe,t

(28)
where φe = K

N
, $̂t, G (ω) and γ denote steady state leverage, the bankruptcy thresh-

old, the steady-state probability weighted expected value of the idiosyncratic shock
ω(conditional on ω < ω̄) and the survival probability of entrepreneurs, respectively.
The financial accelerator works as follows: Any shock causing a jump in Q̂t by say
lowering the monetary policy rate R̂t and/ or increasing expected future output
and thus drkt (see equations (26) and (27)) will increase not only investment, but
also R̂K

t and thus period t net worth (see equation (28)). The financial accelerator
amplifies the jump in Q̂tand thus in investment by letting the associated decline
in entrepreneurial leverage

(
Q̂t + K̂t − N̂t

)
reduce the external finance premium

EtR̂
K
t+1 − R̂t. Furthermore, for a given nominal interest rate, an increase in inflation

Π̂t lowers entrepreneurial leverage and thus the cost of external finance by lowering
their real debt burden.

Finally, entrepreneurial consumption Ĉe
t is given by

Ĉe
t =

(1− γ)N

γV
N̂t (29)

Financial intermediaries fund their loans by collecting deposits from unconstrained
households. Hence the safe assets BO,t entering their utility function now consist of
both bank deposits and government bonds.

3.2 Government

Government revenue consists of labor taxes borne by the employer and the employee,
profit, lump sum and consumption taxes. In order to ensure the stationarity of gov-
ernment debt in the long run, the government adjusts the consumption tax according
to the following fiscal rule:

τ̂C,t = (1− dτC ,t)
[
(1− ρτ )φτ b̂t + ρτ τ̂C,t−1

]
(30)

where τ̂C,t and b̂t denote the percentage deviation of the employees labor tax and real
government debt from their respective steady states, while dτC ,t denotes a dummy
variable with a value of zero unless otherwise mentioned. Using using consumption
taxes as the fiscal instrument in the fiscal rule simplifies the analysis of the per-
manent cut in government consumption considered below by ensuring that the long
run percentage increase of unconstrained households, constrained households and
entrepreneurial consumption is almost identical. Furthermore, the long run decline
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in the consumption tax offsets the decline in labor supply associated with higher
household disposable income, implying that hours and GDP change only marginally
in the long run.

For the IRF matching exercise to be conducted below, I assume that government
spending follows a simple auto-regressive process

Ĝt = ρGĜt−1 + eG,t (31)

where eG,tdenotes an i.i.d. government spending shock.
Monetary policy is described by a rule relating the policy rate to its own lag as

well as inflation and the deviation of real marginal cost from its steady state m̂ct,
which serves a proxy for the output gap

R̂tR = (1− dR,t) (1− ρR)
[
ψπΠ̂t + ψy (m̂ct)

]
+ ρRR̂t−1 + eR,t (32)

where dR denotes a dummy variable with a value of zero unless otherwise mentioned.

3.3 Calibration

I calibrate the parameters to Euro Area data where possible and divide them into
two groups. Parameters in the first group are set to standard values in the literature,
empirical estimates (see Table 5) or indirectly calibrated by setting targets for the
steady state values of some variables (see Table 4). I set the share of unconstrained
households 1−ω to 75%, in line with the Euro Area estimates of Coenen and Straub
(2005). Regarding household preferences over consumption, I assume log utility
(σH = 1), set the degree of habit formation to the median estimate reported by
Havranek et al. (2015) for European countries and assume an inverse Frisch elasticity
of labor supply η of 2. I consider three specifications for preferences over wealth,
namely no preferences over wealth (θ = 1), linear preferences over wealth (σB = 0)
with θ = 0.96, and finally the case of θ = 0.96 and curvature of the utility from
wealth ofσB = 0.5. Following Kumhof et al. (2014), I calibrate σB such that the
unconstrained households marginal propensity to save (MPS) out of an increase
in permanent income matches the micro evidence on the saving behavior of high
income households provided by Dynant et al. (2004) and Kumhof et al. (2014). For
the top 5% income group, Kumhof et al. (2014) report an MPS of 0.4 based on
their own estimates and an upper bound of 0.5 based on the estimates of Dynant
(2004). I use an MPS of 0.5 as a target for the calibration σB because wealth is
likely to be concentrated among a subset of those households forming the empirical
counterpart of my unconstrained household group. However, my main results become
even stronger if I target a lower value of the MPS. Details of the partial equilibrium
calibration exercise are provided in appendix 5. I assume a wage markup of 1/3 and
and an elasticity of production with respect to physical capital of 1/3.

I set the elasticity of the external finance premium with respect to entrepreneurial
leverage χe and the survival probability of entrepreneursγ equal to the Euro Area
estimates of Gelain (2010). Given the choices of χe, I set the degree of idiosyncratic
uncertainty σ, the bankruptcy cost parameter µ and the transfer to entrepreneurs
such that steady state entrepreneurial leverage and the entrepreneurial bankruptcy
rate equal the values reported by Christiano et al. (2010) and Gelain (2010). Given
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the respective value of θ, I calibrated the household discount factor β, the steady
state level of government expenditure G, the markup charged by retailers and the
depreciation rate such that the steady state real interest rate as well as the shares of
government expenditure, private investment and the compensation of employees are
close to their respective averages over the 1972Q1-2008Q4 period.

Finally, I assume long run responses of the policy rate to inflation and the output
gap of 2.0 and 0.05, respectively, close to the Euro Area estimates of Gaddatsch et
al. (2016). I obtain the steady state tax rates from the ECBs New Area Wide Model
(Coenen et al. (2008)) and calibrate the fiscal rule such that in the long run such
that the consumption tax rate moves very gradually in response to deviations of
government debt from its steady state, while the response is still sufficiently strong
to guarantee long-run debt stationarity.

Table 4: Values of steady state targets and empirical counterparts/ sources
Variable Model AWM database or other source

R
Π
, APR 2.2 2.2
I

GDP
22.7 22.3

G
GDP

19.5 19.5
W (1+τWh,t

)l

GDP
50.1 52.6

K
N

2.1 As in Christiano et al. (2010) and Gelain (2010)

F (ω̄) 0.0075 Gelain (2010)

MPS 0.5 MPS out of an increase in permanent income, estimates of Dynant et al. (2004) and Kumhof et al. (2014).
Note: Unless otherwise mentioned, the data is taken from the Area Wide Model database (see Fagan et al. (2001)).
Averages from the AWM where calculated over the 1972Q1-2008Q4.
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Table 5: Medium scale model: calibrated Parameters
Parameter Name Value

χe Elasticity of EFP w.r.t. leverage 0.038, in line with Gelain (2010)

µ Bankruptcy cost 0.1, in line with Gelain (2010)

σ Idiosyncratic uncertainty of capital return 0.25?

γ Survival probability of entrepreneurs 0.9797 as in Gelain (2010)

τWh Labor tax borne by employee 0.24, as in Coenen et al. (2008)

τWf Labor tax borne by employer 0.219, as in Coenen et al. (2008)

τC Consumption tax 0.183, as in Coenen et al. (2008)

τK Capital income tax 0.184, as in Coenen et al. (2008)

α Labor share 0.33, as in Coenen et al. (2008)

φτ Long run response to debt level 0.2

ρτ Response to lagged tax rate 0.98

σH Intertemporal elasticity of substitution 1.0

h Degree of habit formation 0.6, as estimated by Havranek et al. (2015)

σB Curvature preferences over wealth 0/0.5, evidence on MPS of Dynant (2004) and Kumhof et al. (2014)

θ βR
Π

0.96, 1

δ Depreciation rate physical capital 0.03?

εp Goods market, elasticity of substitution 11?

εW Labor market, elasticity of substitution 4

ψπ Interest feedback rule: Inflation response 2.0, as in Christoffel et al. (2008)

ψY Interest feedback rule: output gap response 0.05, as estimated by Gaddatsch et al. (2016)

I estimate the second group of parameters by matching the impulse response
functions of GDP, private consumption, private Investment, government expendi-
ture, the nominal wage, inflation (measured by the change in the GDP deflator)
and the policy rate to a government spending shock and a monetary policy from a
structural VAR model estimated for this purpose by Blanchard et al. (2015) over
the 1972Q1-2008Q4 period using the Area Wide Model (AWM) database of Fagan et
al. (2002). On top of the aforementioned series, the VAR also includes the effective
real exchange rate as an additional endogenous variable (which is however absent
from the model), as well as US GDP, the Federal Funds rate, commodity prices and
quadratic time trend as exogenous variables. The two shocks are identified by as-
suming (1) that government spending does not respond contemporaneously to any
of the endogenous variables (following Blanchard and Perotti (2002)) and (2) that
none of the endogenous variables except for the real exchange rate respond contem-
poraneously to policy rate innovations (following Christiano et al. (1999)).5 These
assumptions are also implemented in the model when computing impulse response
functions to the two shocks.6 I set the standard deviations of the government spend-

5I would like to thank Jesper Linde for sharing their code for the estimation of the VAR as well
as valuable hints on how to implement the restrictions of the VAR in the model.

6Specifically, I assume that financial variables (e.g. Tobin’s Q and the net worth of entrepreneurs)
respond to the policy rate innovation contemporaneously, but that the information set of households
and firms does not include a contemporaneous policy innovation nor its effect on financial variables.
For instance, unconstrained households act as if the (expected) value of current and future real
interest rates is the same as in the absence of the policy rate innovation, while investment good
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Table 6: Medium scale model: Estimated Parameters
Parameter name Parameter

Estimation results for various versions of the model

θ = 1 θ = 0.96, σB = 0 θ = 0.96, σB = 1

Investment adjustment cost φI 7.9 9.9 9.8

Price markup coefficient κp 0.007 0.013 0.015

Wage markup coefficient κw 0.001 0.0014 0.0016

Persistence gov. spending shock ρg 0.90 0.90 0.90

Interest rate smoothing ρR 0.73 0.76 0.77

Sd. gov. spending shock σg 0.29 0.29 0.29

Sd. monetary policy shock σR
0.37

4
0.37

4
0.37

4

ing and monetary policy shocks to their VAR estimates and collect the remaining
estimated parameters in the vector Ω = {φI , κp, κw, ρgρR}, and choose Ωin order to
minimize the criterion function(

Ψ̂−Ψ (Ω)
)′
F−1

(
Ψ̂−Ψ (Ω)

)
where Ψ̂ and Ψ (Ω)denote vectors stacking all VAR and model impulse response
functions (for a given value of Ω) on top of each other (excluding the contemporaneous
response to the monetary policy shock), respectively. F denotes a diagonal weighting
matrix, where each element equals the estimated variance of the corresponding IRF
element from the VAR. 7 I match the first 20 periods of each impulse response,
and estimate a model variant without preferences over wealth (θ = 1), with linear
preferences over wealth (θ = 0.96, σB = 0) and with curvature in preferences over
wealth (θ = 0.96, σB = 0.5).

As can be obtained from Figure 4, the three models respond in a virtually identical
identical fashion to the monetary policy shock (see the dashed and circled lines).
They perform well at tracking the empirical impulse response of GDP, as well as
the stronger decline of private investment relative to private consumption. All three
models understate the persistence of the consumption decline. Furthermore, the
models are unable to match the initial increase in inflation (usually referred to as
the “price puzzle”). Both models somewhat understate the initial response of GDP
to the government spending shock and are unable to generate the observed increase
in private investment. The estimated price and wage markup coefficients are low
(see table 6), although , Linde et al. (2016) and Brave et al. (2012) estimate wage
and price markup coefficients of a similarly small order of magnitude.8 They are
higher in the presence than in the absence of preferences over wealth (θ = 0.96),
although in absolute terms they are very close. The reason why price and wages
are estimated to be more flexible for θ < 1 is that reducing θ implicitly reduces β,
implying that expectations of future variables (e.g. future marginal cost and the
future wage markup) now have a smaller effect on price and wage setting. Matching

producers ignore the effect of the innovation on Tobin’s Q.
7Hence with the length of each IRF denoted as T, Ψ̂ and Ψ (Ω)each comprise n=7X(2T-1)

elements, while the dimension of F is nXn.
8For instance, their wage and price markup coefficient in their model with a financial accelerator

equal 0.004 and 0.007, respectively.
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the response of inflation and nominal wages requires a bigger role for current economic
activity. By contrast, adding curvature (θ = 0.96, σB = 1) has only a minor effect
on the parameter estimates, as as due to their temporary nature, both shocks have
only a moderate effect on the wealth of unconstrained households and thus on the
marginal utility of wealth relative to consumption.
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Figure 4: VAR and model impulse responses to a monetary policy shock
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Notes: The graph plots the impulse response function of the estimated VAR as well
as each model variant to a one standard deviation policy rate shock. Dotted lines
denote 95% confidence intervals.
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Figure 5: VAR and model impulse responses to a government consumption shock
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Notes: The graph plots the impulse response function of the estimated VAR as well
as each model variant to a one standard deviation government consumption shock.
Dotted lines denote 95% confidence intervals.
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3.4 Temporary fiscal consolidation in the medium scale model

I first examine the effects of contraction of government consumption of 1% of GDP
lasting eight quarters, 10 years and infinitely long, respectively. As a proxy for the
ZLB, I assume that the central bank’s response to the inflation and GDP effect of
the consolidation given by equation (32) as well as the fiscal rule (equation (30))
are switched off for 2 years by setting dR,t = dτC ,t = 1 and during this period. I
consider the three different model versions estimated in the previous section, as well
as a model with linear preferences over wealth (θ = 0.96) but all other parameters as
estimated for θ = 1. Doing so serves to highlight the impact of the higher nominal
flexibility estimated for the model with preferences over wealth.

As can be obtained from Figure 6, the effect of temporary contraction are similar
across the different values of θ. In all cases the decline in government consumption
also reduces private consumption by lowering the disposable income of constrained
households as well as inflation, which increases the real interest rate and thus lowers
the consumption of unconstrained households. Furthermore, the increase in real
interest rates and the decline in demand lower Tobin’s Q and thus investment. As
a result of the adverse effect on private expenditure, the multiplier exceeds one
(see Table 7). These mechanisms are well documented by literature on fiscal policy
changes when monetary policy is constrained (e.g. Eggertsson and Krugman (2012)
Freedman et al. (2012), Carillo and Poilly (2013)). Lowering θ below one renders
unconstrained households less sensitive to the effect of lower future real interest rates
(see equation 6). It therefore somewhat attenuates their consumption decline, as can
be obtained by comparing the model without preferences over wealth (black solid
line in Figure 6) with the model with linear preferences over wealth but otherwise
identical parameters (the green dotted line which is covered by the blue starred
line), even after accounting for the larger decline of inflation and thus stronger real
interest rate increase observed with preferences over wealth (red dashed line) as a
consequence higher estimated nominal price and wage flexibility. However, for a two
year fiscal contraction, the effect of lowering θ is too small to have a big effect on the
multiplier.

Finally, the impact higher estimated nominal price and wage flexibility with pref-
erences over wealth is largely restricted to the paths of inflation and the real wealth
of unconstrained households.

30



Figure 6: Temporary fiscal contraction in the medium scale model
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Note: The figure displays the effect of a contraction of government consumption of
1% of GDP lasting 8 quarters (TG = 8) in the three model variants. Vertical axes
display percentage deviations of the respective variable from its steady state, unless
the respective variable is naturally expressed in percentage points. See the note
below Table 7 for further details.

3.5 Permanent fiscal contraction in the medium scale model

I now turn to the effect of a permanent fiscal contraction under varying assump-
tions regarding preferences over wealth. Figure 7 displays the effect in the absence
credit constraints in the household and firm sector. As in the simple model, without
preferences over wealth and thus an effective infinite horizon (θ = 1), unconstrained
household consumption works as a powerful stabilizer against a permanent decline in
government consumption and the associated decline in constrained household con-
sumption. Unconstrained household consumption increases as a consequence of the
monetary loosening after the economy’s exit from the ZLB and the fact that in the
new steady state, the share of government consumption in GDP is lower and the share
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Table 7: Fiscal contraction in the medium scale model, cumulative multipliers
Baseline model

TG = 8 TG = 40 TG =∞
θ = 1 2.0 0.6 1.0

θ = 0.96, σB = 0, estimates for θ = 1 1.8 1.6 1.5
θ = 0.96, σB = 0.5, estimates for θ = 1 1.8 1.6 1.6

θ = 0.96, σB = 0 1.9 1.6 1.6
θ = 0.96, σB = 0.5 1.9 1.6 1.7

No credit constraints (ω = µ = 0)
TG = 8 TG = 40 TG =∞

θ = 1 1.2 0.3 0.6
θ = 0.96, σB = 0, estimates forθ = 1 1.2 0.7 0.8
θ = 0.96, σB = 0.5, estimates forθ = 1 1.2 0.7 0.8

θ = 0.96, σB = 0 1.2 0.8 0.9
θ = 0.96, σB = 0.5 1.2 0.8 0.9

Note: The tables display the cumulative multiplier of increasing government spend-
ing for TG quarters. In all scenarios, I assume that dR,t = 1 for t = 1 : DL in
equation (32), with DL = 8, to proxy a zero lower bound duration of 8 quarters. The

cumulative multiplier is calculated as mT =
∑DL
t=1 ĜDP t∑DL
t=1 Ĝt

G
GDP

. The calibrated parameters

are as displayed in Table 5. σB is zero unless otherwise mentioned. The estimated
parameters are displayed in Table 6 unless otherwise mentioned. In the row labeled
“θ = 0.96, σB = x, estimates for θ = 1”, I set θ = 0.96 but use the parameters
estimated for θ = 1. In the model without credit constraints, I assume that there
is no entrepreneurial consumption. Instead, entrepreneurs return their wealth to
unconstrained households once they die.
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of private consumption higher. With preferences over wealth (θ = 0.96), household
consumption increases much less than without (θ = 1).

In the presence of credit constrained households and firms, the effect of the fiscal
contraction increases (see Figure 8 and Table 7). The decline in employment directly
lowers the consumption of credit constrained households. Lower inflation tends to
increase the real debt burden of entrepreneurs and thus their cost of external fi-
nance, implying that investment now declines. However, the amplification provided
by adding credit constraints to the model is substantially bigger with preferences over
wealth than without. For θ = 1, the increase in unconstrained household consump-
tion is even larger than in the absence of constrained households and firms, implying
that the path of private consumption is virtually unaffected by the introduction of
credit constraints. With credit constrained households and firms, monetary policy is
loosened more after the economy’s exit from the ZLB, which causes a bigger crowding
in of unconstrained household consumption if θ = 1. With preferences over wealth
(θ = 0.96), the introduction of credit constraint households and firms does not cause
such a stabilizing upward shift in the consumption trajectory of unconstrained house-
holds following a permanent government spending cut, as they are less sensitive to
real interest rate movements, and thus the GDP effect of the decline in constrained
household consumption and investment is diluted to a much smaller extent.
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Figure 7: Permanent fiscal contraction in the medium scale model without credit
constraints
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Note: The figure displays the effect of a permanent contraction of government con-
sumption of 1% of GDP (TG = ∞) in the model without credit constraints. See
the note below Table 7 for further details. Vertical axes display percentage devia-
tions of the respective variable from its steady state, unless the respective variable
is naturally expressed in percentage points.
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Figure 8: Permanent fiscal contraction in the medium scale model
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Note: The figure displays the effect of a permanent contraction of government con-
sumption of 1% of GDP (TG = ∞). in the baseline model. Vertical axes display
percentage deviations of the respective variable from its steady state, unless the re-
spective variable is naturally expressed in percentage points. See the note below
Table 7 for further details.

3.6 Forward guidance

I now examine the effect of forward guidance on the path of the short term interest
rate in the medium scale model. Analogously to the simple model, I assume that the
Central Bank is initially constrained by the zero lower bound for 6 quarters, which
I proxy by assuming dR,t = 1 in equation (32) during this period. Furthermore, I
assume that starting in quarter seven, the Central Bank voluntarily fixes R̂f at an
annualized value of 0.2% below its steady state and keeps it at this level for Df

quarters, i.e. dR,t = 1 and eR,t = −0.2%
4

during quarters 7 to 6 + Df . This setup is
broadly consistent with the evidence Del Negro et al. (2015) provide on financial
market expectations regarding the timing of the exit of the Federal Funds rate from
the ZLB prior to the forward guidance announcements of the US Federal Reserve in
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Table 8: Peak GDP effect of forward guidance for varying duration of fixed interest
rate period

Baseline model
Df = 6 Df = 8 Df = 10

θ = 1 1.3 1.9 2.2
θ = 0.96, σB = 0, estimates forθ = 1 0.8 1.0 1.2
θ = 0.96, σB = 0.5, estimates forθ = 1 0.7 0.8 0.9

θ = 0.96, σB = 0 1.0 1.4 1.7
θ = 0.96, σB = 1 0.8 1.0 1.1

Note: This table reports the peak GDP effect of forward guidance policies of the indicated duration Tf . In all cases,
I assume that:

• for t = 1 : 6, dR,t = 1 in equation (32) ,

• for t = 7to7 +Df , dR,t = 1 and eR,t = −0.2%
4

.

the central bank then fixes the nominal interest rate at an annualized 0.2% below its steady state level, and keeps it
there for the number of quarters indicated in the table. The calibrated parameters are as displayed in Table 5. σB
is zero unless otherwise mentioned. The estimated parameters are displayed in Table 6 unless otherwise mentioned.
In the row labeled “θ = 0.96, estimates forθ = 1”, I set θ = 0.96 but use the parameters estimated for θ = 1.

September 2011, January 2012 and September 2013, as well as their evidence on the
effect of the announcement on private sector forecasts of three month and 10 year
treasury bonds one to four quarters ahead, which gradually decline by 0.15 and 0.2
percentage points, respectively. The magnitude of Df is less clear. I allow Df to
vary between 6 quarters, which closely follows Del Negro et al.’s (2015) simulations,
and 10 quarters.

Figure 9 displays the effects of forward guidance for the Df = 8 quarter case. The
forward guidance policy stimulates private investment and consumption by lowering
the expected real interest rate, increasing the value of the collateral of entrepreneurs,
future expected demand and the disposable income of constrained households. While
the policy is a powerful tool for all values of θ, just as in the simple model, the peak
GDP response is lower with preferences over wealth (θ < 1). Reducing θ to 0.96
but keeping all other parameters as in the model without preferences over wealth,
the peak GDP effect is almost halved (0.8% with vs. 1.3% without preferences over
wealth, Table 8/ green dotted line and black solid line in Figure 9). The expected
decline in the future real interest rate has a smaller effect on unconstrained house-
hold consumption, and thus employment, constrained households consumption and
investment. Once I use the parameters estimated for the θ = 0.96, part of this
attenuation is compensated by the higher price and wage flexibility estimated for
the model with preferences over wealth, which implies a stronger decline in the real
interest rate. Even after taking this compensating effect into account, the peak GDP
effect still equals only two thirds of its value without preferences over wealth (see
Table 8/ green dotted line vs. red dashed line in Figure 9) .

Once I allow for curvature in the preferences over wealth, the increase in GDP in
response to the policy is attenuated even further (compare the blue starred line with
the green dotted and the black solid line). The increase in unconstrained household
consumption and inflation reduces their real financial wealth. With curvature (θ =
0.96, σB = 0.5), the decline in their real wealth increases the marginal benefit of
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wealth accumulation relative to the marginal utility of consumption, which dampens
their consumption increase (see equation 6). Increasing the period during which
the central bank voluntarily reduces the interest rate Df increases the peak GDP
effect in all model variants, but considerably less so with preferences over wealth
(see Table 8). With curvature in preferences over wealth, the marginal effect of
lengthening the forward guidance episode actually declines. Allowing for the higher
nominal flexibility estimated for the model with preferences over wealth implies only
a marginally smaller attenuation effect.

Preferences over wealth parameterized based on micro evidence on personal dis-
count rates and the saving behavior of high income households thus considerably
alleviate the “Forward Guidance Puzzle” (Del Negro et al. (2015)), especially once
curvature in the preferences over wealth is allowed for. For the Df = 8 case, the
simulated decline in the 10 year government bond yield by quarter four equals the
empirical reduced form estimates of Del Negro et al. (2015) of 0.2 percentage points
in both the model without preferences over wealth and curvature in preferences over
wealth. However, with preferences over wealth and curvature, the cumulative in-
crease in GDP in the fourth quarter after following the announcement of the policy
is with 0.9% much closer to Del Negro et al.’s (2015) finding of 0.6% than it is in the
model without preferences over wealth (1.7%).
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Figure 9: Forward guidance in the medium scale model
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Note: The figure displays the effects of forward guidance regarding the short term
interest rate in the medium scale model (Df = 8). Vertical axes display percent-
age deviations of the respective variable from its steady state, unless the respective
variable is naturally expressed in percentage points. See the note below Table 8 for
further details.

4 Conclusion
This paper examines how the effects of fiscal policy and forward guidance are shaped
by preferences over wealth calibrated based on microeconomic evidence on household
saving behavior and individual discount rates in a stylized and a medium scale DSGE
model. This assumption effectively limits the horizon of unconstrained households,
as the intrinsic benefit of wealth over and above allowing more future consumption
implies that the equilibrium real interest rate is smaller than the individual discount
factor of the household. Therefore, the contractionary effect of a permanent cut
in government expenditure implemented during a period when monetary policy is
constrained by the zero lower bound becomes larger due to smaller crowding in of
unconstrained household consumption.

Furthermore, preferences over wealth much reduce the effect of forward guidance
on the future policy interest rate. Once I allow for curvature in wealth, the atten-
uation of the effect of forward guidance becomes even bigger as forward guidance
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policies imply a decline in unconstrained household real wealth, which motivates
them to save more.
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5 Calibration of the curvature of household prefer-
ences over wealth

Following Kumhof et al. (2014), I calibrate the curvature of preferences over wealth
σB by targeting an empirical estimate of the marginal propensity to save out of
an increase in permanent income. I assume that constrained household disposable
incomeYO,t is exogenous, implying that its budget constraint is given by

BO,t + PtCO,t = Rt−1BO,t−1 + YO,t (33)

The linearized partial equilibrium economy is described by the following equations:

Λ̂O,t =
−σH

(
ĈO,t − hĈO,t−1

)
1− h

(34)
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Λ̂O,t = θ
(

Λ̂O,t + R̂t − Π̂t+1

)
− (1− θ)σB b̂O,t (35)

b̂O,t =
R

Π

(
b̂O,t−1 + R̂t − Π̂t

)
+
Y Ŷo,t − COĈO,t

bO
(36)

Following Kumhof et al. (2014). I then assume that ŶO,t increases permanently
in period one to a level ŶO,P and calculate 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 of Kumhof et al. (2014) and Dynant
et al. (2004) uses data on saving rates which is six years apart. Hence the model
counterpart of their empirical estimate of the MPS is given by

MPS =
bOb̂O,24

24ŶO,PYO
(37)

6 Derivation of Woodford model with ROT house-
holds

6.1 Households

Households seek to maximize the objective

∞∑
i=0

βi

[
C

1−1/σH
t+i

1− 1/σH
− χN1+η

t+i + φB
Bt+i

Pt+i

]
(38)

A fraction of households (1− ω)has unconstrained access to financial markets and
thus can vary its holding of safe bonds Bt. The remaining fraction ω of households
is restricted to Bt = 0. A common wage is set for both households groups. Wage
setting is discussed in the next section.

The budget constrained of optimizing households is (denoted with the subscript
O) is given by

Bt + PtCO,t = Rt−1Bt−1 +WtNO,t − PtTO,t (39)

Maximizing (38) subject to (39) yields

ΛO,t = β
Rt

Π̂t+1

ΛO,t+1 + φB (40)

ΛO,t = C
−1/σH
O,t (41)

while for ROT households we have

CROT,t = wtNROT,t − TROT,t (42)
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ΛROT,t = C
−1/σH
ROT,t (43)

Aggregate consumption is given by

Ct = (1− ω)CO,t + ωCROT,t (44)

7 Firms: As in Woodford (2011)
There is a continuum of monopolistically competitive firms who set price subject to
nominal rigidities in the form of Calvo pricing. The production technology of firm j
is given by

Yt (j) = Nα
t (j) (45)

Real marginal cost mctis given by

mct =
wt

Nα−1
t

(46)

πt = κm̂ct + βΠ̂t+1 (47)

7.1 Wage setting

Assume that there is a union maximizing the weighted utilities of ROT and opti-
mizing households. Assume identical preferences. Union supplies labor variety i to
labor packer, using labor from both households types. objective is given by

wt (i)
(
ωΛROT,tN (i)ROT,t + (1− ω) ΛO,tN (i)O,t

)
+ωχ

N (i)1+η
ROT,t

1 + η
+(1− ω)χ

N (i)1+η
O,t

1 + η

wherewt (i) =
W (i)t
Pt

Assumption: Firms higher household types on proportion to
their population share, hence NO,t = NROT,t = Nt. Hence

wt (i) ΛtN (i)t + χ
N (i)1+η

t

1 + η

with r_{L}
Λt = ωΛROT,t + (1− ω) ΛO,t (48)

and

N (i)t =

(
wt (i)

wt

)−ew
The FOC is then given by (taking into account that all unions set the same wage)

wtΛt = χNη
t µw (49)

with µ > 1denoting the wage markup.
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7.2 Log-linearization: Aggregate demand

Linearizing (40) yields
TtΛ̂O,t = θ

[
R̂t − Π̂t+1 + Λ̂O,t

]
ĈO,t = −θσH

[
R̂t − Π̂t+1

]
+ θĈO,t+1 (50)

where a hat denotes the percentage deviation of a variable from its steady state,
with the exception of government spending, where it is expressed as a percentage of
steady state GDP.

GDP is given by

Yt = Ct +Gt

Substituting (44) and linearizing yields

ŶtY = (1− ω)COĈO,t + ωCROT ĈROT,t + Y Ĝt (51)

Linearizing (42) and (45) as well as using NO,t = NROT,t = Nt yields

ĈROT,t = ŵt +
1

α
Ŷt − T̂ROT,t (52)

Linearizing (48), (41) and (43) and using CO = CROT and ΛROT = ΛO yields
yields

Λ̂t = − 1

σH
Ĉt (53)

Linearizing (49) and (45) and combining the result with (53) yields ŵt− 1
σH
Ĉt = ηN̂t

ŵt =
η

α
Ŷt +

1

σH
Ĉt

or, using Ĉt = Y
C

ˆ(Yt − Ĝt)

ŵt =
η

α
Ŷt +

1

σH

Y

C
ˆ(Yt − Ĝt) (54)

Substituting this equation into (52) yields

ĈROT,t =
η + 1

α
Ŷt +

1

σH

Y

C
ˆ(Yt − Ĝt)− T̂ROT,t (55)

Combining (51) and (55) yields (1−ω)ĈO,t =
(
Ŷt − Ĝt

)
Y
C
−ω

(
η+1
α
Ŷt + 1

σH

Y
C

ˆ(Yt − Ĝt)− T̂ROT,t
)
,

or

(1− ω)ĈO,t =
(
Ŷt − Ĝt

) Y
C

(
1− ω 1

σH

)
− ωη + 1

α
Ŷt + ωT̂ROT,t (56)

Combining (56) and (50) yields(
Ŷt − Ĝt

)(
1− ω 1

σH

)
−C
Y
ω
η + 1

α
Ŷt+ω

C

Y
T̂ROT,t = −(1−ω)θσH

C

Y

[
R̂t − Π̂t+1

]
+θ

((
Ŷt+1 − Ĝt+1

)(
1− ω 1

σH

)
− C

Y
ω
η + 1

α
Ŷt+1 + ω

C

Y
T̂ROT,t+1

)

44



or

Ŷt

(
1− ω 1

σH
− C

Y

ω (1 + η)

α

)
−Ĝt

(
1− ω 1

σH

)
+ω

C

Y
T̂ROT,t = −(1−ω)θσH

C

Y

[
R̂t − Π̂t+1

]
+θ

(
Ŷt+1

(
1− ω 1

σH
− C

Y

ω (1 + η)

α

)
−
(

1− ω 1

σH

)
Ĝt+1 + ω

C

Y
T̂ROT,t+1

)
or

Ŷt−

(
1− ω 1

σH

)
Ĝt − ωC

Y
T̂ROT,t(

1− ω 1
σH
− C

Y
ω(1+η)
α

) = −
(1− ω)θσH

C
Y(

1− ω 1
σH
− C

Y
ω(1+η)
α

) [R̂t − Π̂t+1

]
+θ

Ŷt+1 −

(
1− ω 1

σH

)
Ĝt+1 − ωC

Y
T̂ROT,t+1(

1− ω 1
σH
− C

Y
ω(1+η)
α

)


Using dTROT,t = φROTdGt and CROT = C, we can write T̂ROT,t = Y
C
φROT Ĝt, with

φROT = 1 if credit constrained households contribute to the increase in government
expenditure according to their population share. I can then writeσ = σH

C
Y
, σ̃ =

σ(1−ω)

(1−ωC
σY
−C
Y
ω(1+η)
α )

, σg =
(1−ωC

σY )−ωφROT
(1−ωC

σY
−C
Y
ω(1+η)
α )

.

Ŷt = θŶt+1 − θσ̃
(
it − Π̂t+1 − r̄

)
+ σg

(
Ĝt − θĜt+1

)
In the absence of ROT households (ω = 0),σ̃ = σand σg = 1, and thus the equation
reduces to equation (3.12) in Woodford (2011).

7.3 Phillips Curve

Linearizing and combining equations (46) and (45) yields m̂ct = ŵt + 1−α
α
Ŷt. Substi-

tuting (54) yields

m̂ct =
1

σ
ˆ(Yt − Ĝt) +

1− α + η

α
Ŷt =

(
ηv +

1

σ

)
Ŷt −

1

σ
Ĝt =

(
ηv +

1

σ

)(
Ŷt − ΓĜt

)
This equation is identical to the marginal cost schedule in Woodford (2011), equation.
(3.7), implying that the Phillips curve is identical as well, with σ = u′(CO)

u′′(CO)Y
, ηv =

1−α+η
α

and Γ =
1
σ

1
σ

+ηv
.

Furthermore, note that for m̂ct = 0, we have Ŷt = Ŷ ∗t , implying that

Ŷ ∗t = ΓĜt (57)

8 Collected Model equations and solution of model
off ZLB

8.1 Model equations

Ŷt = θŶt+1 − θσ̃
(
it − Π̂t+1 − r̄

)
+ σg

(
Ĝt − θĜt+1

)
(58)

Π̂t = κ(Ŷt − ΓĜt) + βΠ̂t+1 (59)

it = r̄ + φπΠ̂t + φy ˆ(Yt − ΓĜt) (60)

θ = β
R

Π
⇐⇒ β =

θ
R
Π
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8.2 Determinacy

Eliminate all exogenous variables and bring into canonical form:
From (58)\sigma

Π̂t = κŶt + βEtΠ̂t+1

⇔ EtΠ̂t+1 = −κ
β
Ŷt +

Π̂t

β(
1− ωC

σY
− ω(1 + η)

α

)
Ŷt = θ

[(
1− ωC

σY
− ω(1 + η)

α

)
Ŷt+1

]
−σθ (1− ω)

(
it − Π̂t+1 − r̄

)
Ŷt = θŶt+1 −

σθ (1− ω)(
1− ωC

σY
− ω(1+η)

α

) (it − Π̂t+1 − r̄
)

Ŷt = θ(EtŶt+1) + σ̃θ
(
EtΠ̂t+1 −

(
φπΠ̂t + φyŶt

))
⇐⇒ Ŷt (1 + σ̃θφy) + σ̃θφπΠ̂t = θ(EtŶt+1) + σ̃θ

(
Π̂t

β
− κ

β
Ŷt

)

⇐⇒ Ŷt

(
1 +

σ̃κθ

β
+ σ̃θφy

)
+

(
σ̃θφπ −

σ̃θ

β

)
Π̂t = θEtŶt+1

⇐⇒ EtŶt+1 = Ŷt

(
1

θ
+
σ̃κθ

θβ
+ σ̃φy

)
+

(
σ̃φπ −

σ̃

β

)
Π̂t

EtŶt+1 = Ŷt

(
1

θ
+
σ̃κ

β
+ σ̃φy

)
+

(
σ̃φπ −

σ̃

β

)
Π̂t

EtΠ̂t+1 = −κ
β
Ŷt +

Π̂t

β

System in Matrix form

EtŶt+1

EtΠ̂t+1

= A

(
Ŷt
Π̂t

)
(61)

with A =

(
1
θ

+ σ̃κ
β

+ σ̃φy
1

σ̃φπ
1
− σ̃

β

−κ
β

1
β

)
Calculate determinant and trace:

|A| =
(

1

θ
+
σ̃κ

β
+ σ̃φy

)
1

β
− κ

β

(
σ̃

β
− σ̃φπ

)
=

1

θβ
+
σ̃φy
β

+
κσ̃φπ
β

,

tσr−(1− µ)λfκσ̃θ

 θ
(

κσ̃
1−βµ + 1− βµf

)
+ β

(
1− θµ− µκθσ̃

1−βµ

)
((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

 (A) =
1

θ
+
σ̃κ

β
+
σ̃φy

1
+

1

β
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Case I Woodford (2003): det (A) > 1; det (A)−tr (A) > −1; det (A)+tr (A) > −1

|A| = 1

θβ
+
σ̃φy
β

+
κσ̃φπ
β

> 1

Always true!

|A| − tr (A) > −1

⇔ 1

θβ
+
σ̃φy
β

+
κσ̃φπ
β
− 1

θ
− σ̃κ

β
− σ̃φy −

1

β
> −1

⇔ 1 + σ̃θφy + θκσ̃φπ −
β

1
− θσ̃κ

1
− θβσ̃φy − θ > −θβ

⇔ σ̃θφy (1− β) + θκσ̃φπ −
θσ̃κ

1
> θ − 1 + β (1− θ) = − (1− β) (1− θ)

⇔ θφy (1− β)

κ
+ θφπ > θ − (1− β) (1− θ)

κσ̃

− (1− β) (1− θ) = − (1− θ − β + βθ) = θ − 1 + β − βθ

⇔ φy (1− β)

κ
+ φπ > 1− (1− β) (1− θ)

θκσ̃

For θ = 1, condition collapses to Woodford (2003). For θ < 1 : Determinacy
achieved even if LHS<1.

8.3 MSV solution

Proposed solution:

Ŷt = γyĜt + iyei,t (62)

ˆ̂
tΠ = γπĜt + iΠei,t (63)

it = r̄ + γiĜt + iiei,t (64)

Determine γy, γπ,γi and iy, iΠ, ii.
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8.3.1 Solution with Monetary Policy response to deviation of output
from flexible price level

Euler equation:

Ŷt = θŶt+1 − θσ̃
(
it − Π̂t+1 − r̄

)
+ σg

(
Ĝt − θĜt+1

)

γyĜt+iyei,t = θ
(
ργyĜt + ρiei,t

)
−θσ̃

(
γiĜt + iiei,t − ργπĜt − ρiiiei,t

)
+σg

(
Ĝt − θρĜt

)

[γy (1− ρθ) + σ̃θγi − σ̃θργπ] Ĝt + [iy (1− ρiθ) + σ̃θii − σ̃θρiiπ] ei,t = σg (1− θρ) Ĝt

(65)
Phillips curve:

γπĜt + iπei,t = κ(γyĜt − ΓĜt + iyei,t) + β
(
γπρĜt + iπρiei,t

)
(−κγy + γπ(1− βρ))Ĝt + (−κiy + iπ(1− βρi))ei,t = −κΓĜt (66)

MP rule:

γiĜt = φπγπĜt + φy(γyĜt − ΓĜt) + ei,t

(−γyφy + γi − φπγπ)Ĝt + (−iyφy + ii − φπiπ)ei,t = −φyΓĜt + ei,t (67)

Equation system to solve for γy, γπ,γi using Kramer’s rule (collecting equations
(65) to (67))

AG

 γy
γi
γπ

 =
σg(1− ρθ)
−κΓ
−φyΓ

(68)

with

AG =

 (1− ρθ) σ̃θ −σ̃θρ
−κ 0 (1− βρ)
−φy 1 −φπ


Solution

|AG| = (1 − ρθ)

∣∣∣∣0 (1− βρ)
1 −φπ

∣∣∣∣ − σ̃θ

∣∣∣∣−κ (1− βρ)
−φy −φπ

∣∣∣∣ − σ̃θρ

∣∣∣∣−κ 0
−γy 1

∣∣∣∣
= −(1 − ρθ)(1 − βρ) − σ̃θ [κφπ + φy(1− βρ)] + σ̃θρκ

= −(1 − βρ)

[
(1− ρθ) + σ̃θ

κφπ
(1− βρ)

− σ̃θρκ

(1− βρ)
+ σ̃θφy

]
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= −(1 − βρ)

[
(1− ρθ) + σ̃θ

(
φy +

κ(φπ − ρ)

(1− βρ)

)]

|AG,Y | =

∣∣∣∣∣∣
σg(1− ρθ) σ̃θ −σ̃θρ
−κΓ 0 (1− βρ)
−φyΓ 1 −φπ

∣∣∣∣∣∣
= −σg(1 − ρθ)(1 − βρ) − σ̃θ

∣∣∣∣−κΓ (1− βρ)
−φyΓ −φπ

∣∣∣∣ − σ̃θρ

∣∣∣∣−κΓ 0
−φyΓ 1

∣∣∣∣
= −σg(1− ρθ)(1− βρ)− σ̃θ(κΓφπ + φyΓ(1− βρ)) + σ̃θρκΓ

= −(1 − βρ)

[
σg(1− ρθ) + σ̃θφyΓ +

Γσ̃κφπ
(1− βρ)

− Γκσ̃θρ

(1− βρ)

]

= −(1 − βρ)

[
σg(1− ρθ) + Γσ̃θ(φy +

κ(φπ − ρ)

(1− βρ)
)

]

|AG,π| =

∣∣∣∣∣∣
(1− ρθ) σ̃θ σg(1− ρθ)
−κ 0 −κΓ
−φy 1 −φyΓ

∣∣∣∣∣∣
= κ (−σ̃θφyΓ− σg(1− ρθ))+κΓ ((1− ρθ) + σ̃θφy) = −κσg(1−ρθ)+κΓ(1−ρθ) = −κ(1−ρθ) (σg − Γ)

γy =
|AG,Y |
|A|

=
σg(1− ρθ) + Γσ̃θ(φy + κ(φπ−ρ)

(1−βρ)
)

(1− ρθ) + σ̃θ
(
φy + κ(φπ−ρ)

(1−βρ)

)
γπ =

|AG,π|
|A|

=
κ(1− ρθ) (σg − Γ)

(1− ρθ) + σ̃θ
(
φy + κ(φπ−ρ)

(1−βρ)

)
Equation system to solve for iy, iπ,ii using Kramer’s rule (collecting equations

(65) to (67))

Ae

 γy
γi
γπ

 =
0
0
1

(69)

with

Ae =

 (1− ρiθ) σ̃θ −σ̃θρi
−κ 0 (1− βρi)
−φy 1 −φπ
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Solution: |Ae|is calculated analogously to |AG|:

|Ae| = −(1− βρi)
[
(1− ρiθ) + σ̃θ

(
φy +

κ(φπ − ρi)
(1− βρi)

)]

|Ae,y| =

∣∣∣∣∣∣
0 σ̃θ −σ̃θρi
0 0 (1− βρi)
1 1 −φπ

∣∣∣∣∣∣ =

∣∣∣∣ σ̃θ −σ̃θρi
0 (1− βρi)

∣∣∣∣ = σ̃θ(1− βρi)

|Ae,π| =

∣∣∣∣∣∣
(1− ρiθ) σ̃θ 0
−κ 0 0
−φy 1 1

∣∣∣∣∣∣ =

∣∣∣∣ (1− ρiθ) σ̃θ
−κ 0

∣∣∣∣ = κσ̃θ

Hence
iy =

|Ae,y|
|Ae|

=
−σ̃θ[

(1− ρiθ) + σ̃θ
(
φy + κ(φπ−ρi)

(1−βρi)

)]
iπ =

|Ae,π|
|Ae|

=
−κσ̃θ

(1− βρi)
[
(1− ρiθ) + σ̃θ

(
φy + κ(φπ−ρi)

(1−βρi)

)]
8.3.2 Response of interest rate to deviation from steady state output

(rather than flex-price output)

Monetary Policy rule:

it = r̄ + φπΠ̂t + φyŶt (1− ρθ) σ̃θ −σ̃θρ
−κ 0 (1− βρ)
−φy 1 −φπ

 γy
γi
γπ

 =
σg(1− ρθ)
−κΓ

0

In this case, |A|remains unchanged, and

σ |AG,Y | =

∣∣∣∣∣∣
σg(1− ρθ) σ̃θ −σ̃θρ
−κΓ 0 (1− βρ)

0 1 −φπ

∣∣∣∣∣∣
= −σg(1 − ρθ)(1 − βρ) − σ̃θ

∣∣∣∣−κΓ (1− βρ)
0 −φπ

∣∣∣∣ − σ̃θρ

∣∣∣∣−κΓ 0
0 1

∣∣∣∣
= −(1 − βρ)

[
σg(1− ρθ) +

Γσ̃κφπ
(1− βρ)

− Γκσ̃θρ

(1− βρ)

]

= −(1− βρ)

[
σg(1− ρθ) + Γσ̃θ(

κ(φπ − ρ)

(1− βρ)
)

]

γy =
|AG,Y |
|A|

=
σg(1− ρθ) + Γσ̃θ(κ(φπ−ρ)

(1−βρ)
)

(1− ρθ) + σ̃θ
(
φy + κ(φπ−ρ)

(1−βρ)

)
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|AG,π| =

∣∣∣∣∣∣
(1− ρθ) σ̃θ σg(1− ρθ)
−κ 0 −κΓ
−φy 1 0

∣∣∣∣∣∣
= κ

∣∣∣∣ σ̃θ σg(1− ρθ)
1 0

∣∣∣∣ + κΓ

∣∣∣∣ (1− ρθ) σ̃θ
−φy 1

∣∣∣∣
= κ (−σg(1− ρθ)) + κΓ ((1− ρθ) + φyσ̃θ)

= −κ(1 − ρθ) (σg − Γ) + κΓφyσ̃θ

γπ =
|AG,π|
|A|

=
κ(1− ρθ) (σg − Γ)− κΓφyσ̃θ

(1− βρ)
[
(1− ρθ) + Γσ̃θ(φy + κ(φπ−ρ)

(1−βρ)
)
]

9 Model equations and solution of model in the pres-

ence of ZLB

Model with riskiness shock ∆t

σŶt − σgĜt = θ(EtŶt+1 − σgEtĜt+1)− σ̃θ
(
it − EtΠ̂t+1 − rnett

)
(70)

Π̂t = κ(Ŷt − ΓĜt) + βEtΠ̂t+1EtR̂
K
t+1 − R̂t = χφ

e

φ̂et (71)

it = max
{
r̄ + φπΠ̂t + φyŶt, 0

}
(72)

Shock to ∆t sufficiently strong to lower inflation below ZLB. Stays at level rLwith
probability µ, otherwise disappears. Government spending at ĜLfor as long as
rL < 0. The associated lump sum tax is borne by unconstrained households. Once
rL = 0, in each period, with probability λ, Ĝt = ĜL, while with probability 1 − λ,
it returns to zero. Furthermore, after the end of the low state, unconstrained house-
holds contribute to the increase in government expenditure to the increase in govern-
ment expenditure as well, with φROT denoting the per-capita amount of government
spending:

σg,L =

(
1− ωC

σY

)(
1− ωC

σY
− C

Y
ω(1+η)
α

)
σg,S =

(
1− ωC

σY

)
− ωφROT(

1− ωC
σY
− C

Y
ω(1+η)
α

)
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9.1 Determinacy

From (71)

Π̂t = κŶt + µβEtΠ̂t+1 ⇔ EtΠ̂t+1 = − κ

µβ
Ŷt +

Π̂t

µβ

From (70)

Ŷt = θ(µEtŶt+1)− σ̃θ
(
−µEtΠ̂t+1

)
Ŷt = θ(µEtŶt+1) + σ̃θ

(
µEtΠ̂t+1

)

⇐⇒ Ŷt (1 + σ̃θφy) + σ̃θφπΠ̂t = θ(µEtŶt+1) + σ̃θ

(
Π̂t

β
− κ

β
Ŷt

)

⇐⇒ Ŷt

(
1 +

σ̃κθ

β
+ σ̃θφy

)
+

(
σ̃θφπ −

σ̃θ

β

)
Π̂t = θµEtŶt+1

⇐⇒ EtŶt+1 = Ŷt

(
1

θµ
+
σ̃κ

µβ
+
σ̃φy
µ

)
+

(
σ̃φπ
µ
− σ̃

µβ

)
Π̂t

System to solve (
EtŶt+1

EtΠ̂t+1

)
= A

(
Ŷt
Π̂t

)
with

A =

( 1
θµ

+ σ̃κ
µβ
− σ
µβ

− κ
µβ

1
µβ

)
|A| =

(
1

θµ
+
σκ

βµ

)
1

µβ
− κ

µβ

σ̃

µβ
=

1

θµ2β

tr (A) =
1

θµ
+
σ̃κ

βµ
+

1

µβ

Case I Woodford (2003): det (A) > 1; det (A)−tr (A) > −1; det (A)+tr (A) > −1

|A| = 1

θµ2β
> 1

Always true!!
β = θ

R
Π

EtR̂
K
t+1 − R̂t = χφ

e

φ̂et

|A|− tr (A) > −1⇔ 1

θµ2β
− 1

θµ
− σ̃κ
βµ
− 1

µβ
> −1⇔ 1− µβ

1
− θσ̃κµ

1
+−θµ > −θµ2β
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⇔ 1− µβ − θµ+ θµ2β > θσ̃κµ

⇔ (1− µβ) (1− θµ) > θσ̃κµ

9.2 GDP and inflation in the low state with fiscal stimulus

Euler equation (from (70))

ŶL−σg,LĜL = θ(µŶL−µσg,LĜL+λ(1−µ)ŶS−λ(1−µ)σg,SĜS)−σ̃θ
(
R̂L − µΠ̂L − (1− µ)λΠ̂S − rL

)
(
ŶL − σg,LĜL

)
(1− θµ) = σ̃θ

(
µΠ̂L + (1− µ)λΠ̂S + rL − R̂L

)
+θλ(1−µ)

(
ŶS − σg,SĜS

)
(73)

Phillips Curve (from (71))

Π̂L = κ(ŶL − ΓĜL) + β
(
µΠ̂L + (1− µ)λΠ̂S

)
Π̂L =

κ

1− βµ
(ŶL − ΓĜL) +

β (1− µ)λΠ̂S

1− βµ
(74)

Combining (73) and (74):

(
ŶL − σg,LĜL

)
(1− θµ) = σ̃θ

(
−R̂L + µ

κ

1− βµ
(ŶL − ΓĜL) + rL + (1− µ)λΠ̂S +

µβ (1− µ)λΠ̂S

1− βµ

)

+θλ(1− µ)
(
ŶS − σg,SĜS

)

ŶL

(
(1− θµ)− µ κσ̃θ

1− βµ

)
=

(
(1− θµ)σg,L − σ̃θ

(
µ

κ

1− βµ
Γ

))
ĜL+σ̃θ

(
rL − R̂L +

1− βµ+ βµ

1− βµ
(1− µ)λΠ̂S

)
+θλ(1−µ)

(
ŶS − σg,SĜS

)

ŶL =

(
(1− θµ)σg − σ̃θ

(
µ κ

1−βµΓ
))

ĜL + σ̃θ
(
rL − R̂L + 1

1−βµ (1− µ)λΠ̂S

)
(

(1− θµ)− µ κθσ̃
1−βµ

)

+
θλ(1− µ)

(
ŶS − σg,SĜS

)
(

(1− θµ)− µ κθσ̃
1−βµ

)
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ŶL =
((1− βµ) (1− θµ)σg − σ̃θµκΓ) ĜL + σ̃θ (1− βµ)

(
rL − R̂L + 1

1−βµλ (1− µ) Π̂S

)
((1− θµ) (1− βµ)− µκθσ̃)

+
θ(1− µ)λ (1− βµ)

(
ŶS − σg,SĜS

)
((1− θµ) (1− βµ)− µκθσ̃)

With ĜS = ĜL, we have ŶS = γyĜS + iyei,S and Π̂S = γπĜS + iπei,S
Solution for

ŶL =
(1− θµ) (1− βµ)σg − κθσ̃µΓ + σ̃θ(1− µ)λγπ + θλ(1− µ) (1− βµ) (γy − σg,S)

(1− θµ) (1− βµ)− κθσ̃µ
ĜL

(75)

+
σ̃θ (1− βµ)

(1− θµ) (1− βµ)− κθσ̃µ

(
rL − R̂L

)
+
σ̃θ(1− µ)λiπ + θλ(1− µ) (1− βµ) iy

(1− θµ) (1− βµ)− κθσ̃µ
ei,S

(1−θµ)(1−βµ)−κθσ̃µΓ
(1−θµ)(1−βµ)−κθσ̃µ > 1 since Γ < 1

Solution for Π̂L

Π̂L =

(
κ

(1− θµ) (σg − Γ) + σ̃θ(1−µ)λγπ
1−βµ + θλ(1− µ) (γy − σg,S)

(1− θµ) (1− βµ)− κθσ̃µ
+
β (1− µ)λγπ

1− βµ

)
ĜL+

κσ̃θ

(1− θµ) (1− βµ)− κθσ̃µ

(
rL − R̂L

)
+

[
κ(

σ̃θ(1−µ)λ
1−βµ iπ + θλ(1− µ)iy

(1− θµ) (1− βµ)− κθσ̃µ
) +

β (1− µ)λiπ
1− βµ

]
ei,S

10 Forward guidance: Extension of fixed interest
rate policy until after r = 0

After r returns to zero, with probability λf , the Central bank keeps the nominal
interest rate fixed at level R̂f . It will keep it at this level with probability µf , and
will return it to zero with probability 1 − µf . Hence GDP in the low state is now
given by

ŶL =
σ̃θ (1− βµ)

(
rL − R̂L + 1

1−βµλf (1− µ) Π̂f

)
((1− θµ) (1− βµ)− µκθσ̃)

+
θ(1− µ)λf (1− βµ) Ŷf

((1− θµ) (1− βµ)− µκθσ̃)

where Π̂f and Ŷf refer to inflation and GDP once r is at zero but the policy rate
is still fixed. Π̂f and Ŷf are given by

Ŷf = − σ̃θ (1− βµf )
(1− θµf ) (1− βµf )− κθσ̃µf

(
R̂f

)
(76)
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Π̂f = − κσ̃θ

(1− θµf ) (1− βµf )− κθσ̃µf

(
R̂f

)
Hence

ŶL = −
[

σ̃θλf (1− µ)κσ̃θ

((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )
+

θ(1− µ)λf (1− βµ) (1− βµf ) σ̃θ
((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

]
R̂f +

σ̃θ (1− βµ)

(1− θµ) (1− βµ)− κθσ̃µ

(
rL − R̂L

)
=−

[
σ̃θ2λf (1− µ) (κσ̃ + (1− βµ) (1− βµf ))

((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

]
R̂f +

σ̃θ (1− βµ)

(1− θµ) (1− βµ)− κθσ̃µ

(
rL − R̂L

)
and

Π̂L =
κ

1− βµ
ŶL +

β (1− µ)λf Π̂f

1− βµ

=−

 κσ̃θ2λf (1− µ)
(

κσ̃
1−βµ + (1− βµf )

)
((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

 R̂f +
σ̃θ (1− βµ)

(1− θµ) (1− βµ)− κθσ̃µ

(
rL − R̂L

)
−

(β(1−µ)λf)κσ̃θ
1−βµ

(1− θµf ) (1− βµf )− κθσ̃µf
R̂f

=−

 κσ̃θ2λf (1− µ)
(

κσ̃
1−βµ + (1− βµf )

)
((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

 R̂f +
σ̃θ (1− βµ)

(1− θµ) (1− βµ)− κθσ̃µ

(
rL − R̂L

)
−

(
(1− θµ)− µκθσ̃

1−βµ

)
(β (1− µ)λf )κσ̃θ

((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )
R̂f

=− (1− µ)λfκσ̃θ

 θ
(

κσ̃
1−βµ + 1− βµf

)
+ β

(
1− θµ− µκθσ̃

1−βµ

)
((1− θµ) (1− βµ)− µκθσ̃) ((1− θµf ) (1− βµf )− κθσ̃µf )

 R̂f +
σ̃θ (1− βµ)

(1− θµ) (1− βµ)− κθσ̃µ

(
rL − R̂L

)

11 Medium scale model equations

λ̂ROT,t = − ĈROT,t − hĈROT,t−1

σROT (1− h)
− τ̂C,t

1− τC

(1 + τC)CROT ĈROT,t +CROT R̂tR = (1− ρi)
[
ψπΠ̂t + ψy

(
ĜDP t − ĜDP t−1

)]
+ ρiR̂t−1 + eitτ̂C,t = wlROT (1− τWh

)

(
ŵt + l̂ROT,t −

τ̂Wh,t

1− τWh

)
+ TRROT T̂RROT,t

λ̂O,t = − ĈO,t − hĈO,t−1

σO (1− h)
− τ̂C,t

1− τC

λ̂O,t = Et

{
λ̂O,t+1 + R̂t − Π̂t+1

}

λλ̂t = (1− ω)λOλ̂O,t + ωλROT λ̂ROT,t
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l̂ROT,t = l̂O,t

l̂t = l̂ROT,t

ŵt =
1

1 + β

[
βEtŵt+1 + ŵt−1 + βEtΠ̂t+1 − (1 + βγw) Π̂t

+γwΠ̂t−1 − (1−βξw)(1−ξw)
ξw(1+εwϕ)

[
ŵt −

τ̂Wh,t
1−τWh

+ λ̂t − ϕl̂t
] ]Wage setting

Π̂t =
1

1 + βγP

[
βEtΠ̂t+1 + γP Π̂t−1 +

(
1− βξP

) (
1− ξP

)
ξP

m̂ct

]
Price setting

ŵt +
τ̂Wf ,t

1− τWf

+
ψlRR̂t

1 + ψl (R− 1)
= m̂ct + Ŷt − l̂t

drkt
rk

+
ψKRR̂t

1 + ψK (R− 1)
= m̂ct + Ŷt − K̂t−1 − Ût

LrL̂rt = ψlwl
(
ŵt + l̂t

)
+ ψKr

kK

(
drkt
rk

+ Ût + K̂t−1

)

K̂t = (1− δ) K̂t−1 + δÎt

Ît =
1

1 + β

[
Ît−1 + βEtÎt+1 +

Q̂t

φI

]

R̂K
t = Π̂t +

Π
(
drkt (1− τK) + Q̂t (1− δ)

)
Rk

− Q̂t−1

drkt = cUrkÛt

φ̂et = Q̂t + K̂t − N̂t

EtR̂
K
t+1 − R̂t = χφ

e

φ̂et
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$̂t + R̂K
t = R̂L

t +
1

φe − 1
φ̂et−1

R
φ̂et−1

φe
= eR

b

t R
KExpr1 + R̂K

t R
KExpr1 +RKExpr2$$̂t −R

φe − 1

φe
R̂t−1

N̂t = γ
V

N
V̂t

V̂t = N̂t−1 + R̂K
t − Π̂t + φ̂et−1 −

Γ′ (ω)ω

1− Γ (ω)
$̂t + eNt

L̂et = N̂t +
φe

φe − 1
φ̂et

Ĉe
t = V̂t

R̂tR = (1− ρi)
[
ψπΠ̂t + ψy

(
ĜDP t − ĜDP t−1

)]
+ ρiR̂t−1 + eit

Ŷt = α
(
Ût + K̂t−1

)
+ (1− α)

(
ât + l̂t

)

b̂tb = b
R

Π

(
b̂t−1 + R̂t−1 − Π̂t

)
+G ˆovGovt+TRT̂Rt−(ĈP

t τC+τCC
P+(τWh,t+τWf ,t)wl+τKr

kKK̂t−1+T T̂t

τ̂Wh,t = (1− ρτ )φτ b̂t + ρτ τ̂Wh,t−1

Ŷt =
I

Y
Ît +

CP

Y
ĈP
t +

Gov

Y
Ĝovt +

RK

Π

K

Y
µG ($)

(
R̂K
t − Π̂t + Q̂t−1 + K̂t−1 +

G′ ($)

G ($)
$$̂t

)
+ rk

K

Y
Ût

CĈt = ωCROT ĈROT,t + (1− ω)COĈO,t

ĈP
t =

C

CP
Ĉt +

Ce

CP
Ĉe
t
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ĜDP t =
I

GDP
Ît +

CP

GDP
ĈP
t +

Gov

GDP
ĝt

Expr1 = [Γ (ω)− µG (ω)]

Expr2 = [Γ′ (ω)− µG′ (ω)]

R
Q̂t−1 + K̂t−1 − N̂t−1

φe
= eR

b

t R
KExpr1 + R̂K

t R
KExpr1 +RKExpr2$$̂t −R

φe − 1

φe
R̂t−1

N̂t = γ
V

N
V̂t

V̂t = Q̂t−1 + K̂t−1 + R̂K
t − Π̂t −

Γ′ (ω)ω

1− Γ (ω)
$̂t
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