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Abstract

I examine how the effects of fiscal policy and forward guidance are shaped by
preferences over wealth calibrated to reflect microeconomic evidence on house-
hold saving behavior and individual discount rates. This assumption effectively
limits the horizon of unconstrained households and introduces real wealth into
their Euler equation. Therefore, the effect of permanent and temporary cuts
of government expenditure when monetary policy is constrained by the zero
lower bound become much more alike due to smaller crowding in of uncon-
strained household consumption in response to permanent cuts. Furthermore,
the inflationary and GDP effects of forward guidance policies become much
smaller.

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 of forward
looking households by lowering inflation and thus increasing the real interest rate. By
contrast, a permanent fiscal contraction tends to crowd in the consumption of these
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 higher private consumption
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level in the new steady state the economy will ultimately converge to, which via con-
sumption smoothing immediately increases consumption. Another topical example
is the effect of forward guidance by the central bank regarding the path of the future
policy interest rate, which can in principle 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 period for which the interest rate is expected to be fixed below what it would be
in the absence of the policy. A key factor behind these results is the consumption
response of forward looking households.

However, the standard infinite horizon model of the consumer 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 opportunities. Firstly, as has been shown by
Carroll (2000), the standard model underpredicts the saving of high income house-
holds relative to their permanent income. More specifically, the marginal propensity
to save out of an increase in their permanent income is zero in the model, but appears
be large in the data ( Dynant et al. (2004) and Kumbhof et al. (2014)). Secondly, the
micro evidence on individual discount rates typically estimates them to substantially
exceed market interest rates relevant for the inter temporal choice under examina-
tion 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) nomi-
nal interest rate, implying that financial market exactly compensate the household’s
impatience.

I examine the macroeconomic effects of fiscal policy and forward guidance at the
zero lower bound in a framework where consumption smoothing households 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 motivation. By
generating a marginal benefit of saving over and above increasing future consumption,
this assumptions 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. It also implies a positive effect of real
wealth on unconstrained household consumption.

I embed these preferences in the small New Keynesian model used by Woodford
(2011) to examine the effects of fiscal policy at the zero lower bound. It turns out
that the effect of temporary and permanent fiscal contractions in the presence of the
zero lower bound become much more alike than in without preferences over wealth.
A permanent contraction in government consumption causes a smaller crowding in
of private consumption as households respond less to the associated future monetary
easing and their own higher consumption level in the new steady state. Furthermore,
the decline in their real wealth associated with the decline in government debt caused
by the fiscal contraction increases the marginal utility of wealth, inducing them to



save more. The impact of preferences over wealth on the fiscal multiplier becomes
even bigger in the presence of a share of credit constrained households who simply
consume their disposable income.

I then examine the macroeconomic effect of forward guidance. I assume that the
Central Bank is able to affect the private sector’s expectations regarding the deviation
of the policy interest rate after the exit from the ZLB. Without preferences over
wealth, GDP and inflation increase exponentially in the expected length for which
the interest rate is expected to deviate from it’s path in the absence of the forward
guidance announcement, and more so with a share of credit constrained households.
With preferences over wealth, the effect is substantially muted, and for reasonable
calibrations increases linearly in the length of the forward guidance episode. The
reason is that the low interest rates promised by forward guidance for the recovery
period have a lower effect on current consumption than with an infinite horizon.
Furthermore, the decline in the government budget deficit caused by the increase
in GDP and the increase in inflation both lower real government debt and thus the
real wealth of unctnstrained households, which with curvature in preferences over
wealth motivates households to save more. Hence it seems that adding preferences
over wealth is a possible solution to the “Forward Guidance puzzle”.

Finally, in the Appendix, I embed these preferences into a medium scale DSGE
model with capital accumulation, sticky prices and wages and credit constrained
households and firms, and show that the results arising from the simple model persist
in this richer environment.

To my knowledge, this paper is the first to analyze the consequences of discount-
ing the Euler equation for the effect of fiscal policy changes at the zero lower bound.
It also proposes a partially novel approach to addressing the forward guidance puz-
zle. While Campbell et al. (2016) also use preferences over wealth, they find that
this assumption makes only a minor difference for their simulated effect of forward
guidance. Part of the explanation might be that their calibration of preferences over
wealth is not based on micro evidence on individual discount rates, implying less
discounting in the Euler equation than my calibration. Furthermore, in their model
there is only a representative agent in the model and the government runs a balanced
budget, implying real financial wealth is constant and thus the wealth effect on con-
sumption is absent and thus cannot attenuate the effect of forward guidance. 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.

By contrast, Del Negro et al. (2015) assume a Blanchard-Yaari type perpetual
youth structure to limit the horizon of unconstrained households. However, in order
to achieve a quantitatively important attenuation of the effect of forward guidance,
they also have to assume counterfactually high death rates (see McKay et al. (2017)).
Finally, there is an ongoing debate on whether incomplete market models with het-
erogenous agents can overcome the forward guidance puzzle. McKay et al. (2016)
develop a New Keynesian incomplete markets model where agents respond less to
future real interest rates for fear of running up against their borrowing constraint
in the future. However, Verning (2015) argues that this lower interest rate is not a
consquence of the incomplete market assumption per se, but relate to other, auxi-



allary assumptions of McKay et al. (2016) which render idiosyncratic income risk
procyclical and liquidity risk counteryclical.! Verning (2015) shows that with either
countercyclical income risk or procyclical liquidity risk, consumption becomes more
sensitive to current and future interest rates than in a representative agent model.

Although the degree of heterogeneity I allow for is much simpler than in Verning
(2015)’s framework, one might interpret the version of my model with constrained
households as a shortcut to a heterogenous agents model where the cyclicality of in-
come and borrowing constraints differ across agents. The model captures the flavour
of Verning (2015)’s mechanism by implying a procyclical constrained household in-
come share, and therefore a greater sensitivity of aggregate demand with respect to
the unconstrained household consumption and in turn the the path of future interest
rates. In this setup, preferences over wealth lower the effect of forward guidance
firstly by reducing the sensitivity of unconstrained household consumption to future
interest rates. Crucial for this effect is that given the amount of real wealth of the
unconstrained household, the marginal benefit from an additional is unrealted to the
business cycle, which could reflect acyclical income risk. Secondly, preferences over
wealth create a consumption wealth effect for unconstrained households, in line with
a positive effect of wealth on the ability to self insure, implying that the forward guid-
ance policy related decline in real government debt which constitutes unconstrained
wealth limits their overall consumption increase in response to the policy. To the
extent that constrained agents are likely to be poorer and less well educated than
unconstrained households, the greater procyclicality of of constrained household than
unconstrained household income and acyclical income risk of unconstrained house-
holds are in line with the microevidence of Heathcote et al. (2010) and Murphy and
Topel (1987).

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 simple New Keynesian model with preferences
over wealth and credit constrained households, section three discusses the calibra-
tion, while section four and five present the main results of the paper. Section six
summarizes the results from the medium scale model, which are discussed in more
detail in the Appendix.

2 A stylized model with preferences over wealth and
constrained households

2.1 Households

The economy features a fraction (1 — w) of households who participate in credit
markets and are thus able to smooth consumption inter-temporally by trading a safe

ncome risk becomes procyclical because McKay et al. (2016) assume that firm profits, which
relative to labour income are countercyclical, are distributed equally across agents, implying that
the share of an agents income subject to idiosyncratic uncertainty increases during a boom.



bond By, and a fraction w 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

11/O'H l-op
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Her budget constraint is given by

B, + PCoyt= Ri_1Bi—1 + WiNo, — PTo, + PE, (2)

where P,, Co., Ry, Wi,No, To, and =; denote 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 B; denotes the stock of safe bonds at the
end of period t. 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 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 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 ¢). 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

R Bo,\ ’®

Aoy = Bt EtA0t+1+¢B( ];”> (3)
t+1 t
Moy = Cpi/™™ (4)

where Ap; denotes the real marginal utility of consumption. Linearizing and com-
bining equations (3) and (4) yields

éo,t = —Ooy [Rt - Etf[t—}—l} + QEtéo,t+1 + (1 - Q)UHUB[;O,t (5)
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where bp; = 55 A hat on top of a variable denotes the percentage deviation of that
variable from the non-stochastic steady state, with 6 = %, i.e. the product of the

steady-state household discount factor and the real interest rate. Iterating (5) until
period t+n yields

Coy = E, {Z 0"y [0 (Risi = M) + (1= O)apho,s] } + 0 ECoran

i=0
(6)
f 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 ( = 1), 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 government
consumption will reduce (increase) current consumption (the current marginal util-
ity 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 ¢ they are lo-
cated. By contrast, with preferences over wealth (6 < 1), the equilibrium weight the
the household attaches to future periods declines in their distance from the present.
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.
Furthermore, for og > 0, current and future real household wealth has a positive
effect on consumption, as the marginal utility from wealth is declining relative to the
marginal utility from consumption.
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

Crort = weNrort — Troryt (7)

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

Aoty = Crort (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 ¢, 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 ¢ is given by

N (i), = (wt (i)>_ew N,

Wy
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where w; = % and e,, > 1 denotes the demand elasticity for type ¢ labor. Due to
the assumption of identical preferences over consumption and labor across household

types, we can write the union’s problem as maximizing

. . N (3), "
wy (1) AN (2), + X%
subject to
wy (1))
N N,
( )t ( w, ) 3
where
A = wAgor: + (1 —w) Aoy (9)
The union’s FOC is thus given by
wi\y = XN/ oy (10)

where (1, > 1 denotes the markup of the real wage over the aggregate marginal rate
of substitution of both household types.

2.3 Retalilers

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
&p of firms is unable to reset their price in a given period. The production technology
of firm j is given by

Y (5) = N () (11)
with o < 1, implying that their real marginal cost mc;is denoted as

Wy

— 12
Ntozfl ( )

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

- (1-6)(1—58)

Ht = g mbt + /BEﬂtJ’_l (13)
P

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

Bt = (]_ -+ Rt> Bt—l + .Pth — Pt ((1 — (,U) TO7t —+ WTROT,t) (14)

For simplicity, I assume that in the steady state, government debt is zero, taxes
on unconstrained households Ty exactly equal the profits of firms plus the interest
earned on government bonds, and taxes on constrained households are zero. This
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assumption requires that the share of government expenditure in GDP equals the
profit share.? As a consequence, the steady state consumption level is identical across
household types. Taxes outside the steady state are determined by the following fiscal
rule A ) X
T = 7,Ys + b1 (15)
where a hat above a fiscal variable such as taxes, debt or government consumption
denotes the deviation of that variable from its steady as a percentage of steady state
GDP, with 7, 7, > 0. T} is split across household types according to their population
share.

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 F@t, which for a given
actual output level depends positively on government consumption as a consequence
of the wealth effect on labor supply.

R, = mazx <gz5,rﬁt + @y (fft — Fét) ,RL> (16)

where R, < 0 denotes a lower bound on the (percentage deviation from its steady
state of the) nominal interest rate R;. If the lower bound on level of the policy interest

rate is zero, RL = —%. Below I will refer to the expression qbwﬁt + ¢y (f/t — Fét>

as the off-ZLB interest feedback rule of the central bank.
2.5 Equilibrium

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

Cr=(1—-w)Cos+ wCror: (17)

GDP is the sum of household and government consumption

Y; = Ct + Gt (18)

2.6 Linearized equations

Linearizing and combining the above equations allows to express the model in five
equations (for details see Appendix 9):

~

Y; — (O'gét — UTTt> = -0 [9 [f%t — Etﬂt+1 — Tfﬂ —(1-46

+06 (EthH — <0gEtét+l — UTEtTt+1)>

~—
Qe
oy
S
B
—
—~
—_
NeJ
~—

fIt = H(}A/t - FGAt) + ﬁEtﬂt-f—l (20)
Rt = maxr <¢7rﬁt + ¢y (Yt - FGt) >ﬁL> (21)

2Hence % = (1 — u%) , where pup denotes the price markup.
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. R /- b /- . . .
bt — ﬁ <bt1 + ? (Rtfl - Ht>) + Gt - CTt (22)

T, = Tyfft%—TblA)t_l (23)

The meaning of the reduced form coefficients can be obtained from Table 1. In
the absence of constrained households (w = 0), and without preferences over wealth
(0 = 1), the model collapses to the familiar New Keynesian model (i.e. & = cand
o, = 1). By contrast, for w > 0, the model features a “Keynesian multiplier effect”
of the type observed in the simple Keynesian income-expenditure model (o, > 1).
An increase in government spending G, increases the consumption of constrained
households due to higher employment and wages, implying that for a constant real
interest rate and constant t+1 expectations, the overall increase in GDP exceeds the
increase in government consumption.

Furthermore, for w > 0, GDP also becomes more sensitive to the real interest
rate. The reason is that the increase in GDP caused by the consumption increase of
unconstrained households in response to a lower real interest rate disproportionately
benefits constrained households, because the real wage increases in employment,
which benefits constrained households at the expense of unconstrained households,
who own the firms.?> To the extent that constrained households are likely to poorer
and less well educated than unconstrained households, the model thus captures in
a crude fashion the empirical finding that the earnings of lower income households
are more cyclical than the earnings of median and higher income households (see
Heathcote et al. (2010), Figures 9 and 7, and Murphy and Topel (1987)).4

Finally, 7* denotes a consumption preference shock affecting unconstrained
households (sometimes also interpreted as a “risk premium shock), i.e. a shock to
the natural rate of interest.

Table 1: Reduced form coefficients of the stylized model

| o | 4 | % | or | A [ T |
ot | e | o | o | | o
’ (1-¢ )(1—55'%) ‘ —nv ‘

Y (5 +m) | =2

3 Calibration

Regarding the standard parameters (Table 2), I follow Woodford (2011). The as-
sumed target for % implies that for § = 1, 5 is as in Woodford (2011). For the

3If firm profits were split equally between constrained and unconstrained households, the inter-
est rate sensitivity of GDP would equal o and would thus be independent of the share of credit
constrained households.

4 Admittedly, as pointed out by Heathcote et al. (2010), the greater increase in lower income
household earnings during expansions is more related to a decline in unemployment and an increase
in hours worked, than an increase in the hourly wage. We abstract from this aspect in order to
keep the analysis simple.



share of constrained households, I consider two values, namely 0 and 0.15. T assume
that monetary policy outside the ZLB is described by the standard Taylor rule co-
efficients. I set 7, = 0.34, in line with evidence on the estimated semi-elasticity of
the primary deficit with respect to GDP by Girouard and Andre (2005) for the US,
while 7, is set to small value sufficient to guarantee debt stationarity.

Table 2: Parameters in the stylized model

L o [n] g [ofl T | w [g[ & [é]n] n |
10.8621 | 1.6 | 1/0.997 [ 1 | 0.4203 [ 0;0.15 [ 0.8 [ 0.5/4 | 1.5 [ 0.34 | 0.0530 |
e | 0 [ s |

|

0.875 ] 0.96 — 1.0 | 0;0.2 |

For 6, 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— 05 (Bfgt’t)_UB _ RtﬁEt{ AAO,t—H }

AO,t t+1AO,t
or
oB <B0’1>_UB 141
P

1- : _ (24)

Aoy 1+ d;
where i, = R, — 1 and 1 + d; = BﬁAO’—tA“ denotes the -time varying- stochastic

t+10M0 ¢
discount factor the household applies to nominal £ + 1 income. In the steady state,
on(%2) 7" -

we have 1 — % = ﬂ% = 6. However, for 6 close 1, 11121 represents a good

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

0 ~ L+

144,

Hence 6 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
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

(25)

A linear approximation of the left hand side of equation (24) yields
Bo,t\7?B
P : R R . .
% (Aoﬂg —|—UBbo,t> = (1-09) (UBth — ioHC’O,t). Hence for 1 — 6 close to
zero and reasonable calibrations of oy and op even large deviations of CA'Qtand 507t would only
slightly bias the estimate of 6.
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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 @ is smaller than one, sometimes substantially
so. Since I interpret the optimizing households as rich and educated households, the
contributions of Harrison et al. (2002) and Warner and Pleeter (2001) are of partic-
ular 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.® My calibration of @ is thus at the upper end of what is implied by the
available evidence.

Following Kumhof et al. (2014), I calibrate o such that the unconstrained house-
holds marginal propensity to save (MPS) out of an increase in permanent income in
a partial equilibrium exercise matches the micro evidence on the saving behavior of
high income households provided by Dynant et al. (2004) and Kumbhof 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 0.4-0.5 as a target for the calibration o because wealth and
consumption are likely to be concentrated among a subset of those households form-
ing the empirical counterpart of my unconstrained household group. However, my
main results become even stronger if I target a lower value of the MPS, which would
imply a bigger value of og. I provide details on this partial equilibrium calibration
exercise in Appendix 8.

4 Fiscal multipliers

I first examine the impact effect of an increase in government spending outside the
zero lower bound. Government spending follows an AR(1) process with persistence
A. As can be obtained from Figure 1, the more persistent the government spending
increase the stronger the crowding out of unconstrained household consumption.
Adding constrained households (right panel) increases the fiscal multiplier, as the
consumption of theses households increases in response to the fiscal expansion, and
the crowding out of unconstrained household consumption.

With preferences over wealth (0 < 1) the decrease of the multiplier in the per-
sistence of the government spending shock decreases somewhat, as forward looking
households become less responsive to the rise in the monetary policy interest rate
triggered by the the increase in GDP and inflation, and respond positively to the
increase in their real wealth associated with the increase in government debt. There-
fore the policy interest rate has to increase by more in order to achieve the a similar
crowding out as in the absence of preferences over wealth. The increase is larger
and more persistent the more persistent the government spending increase, as re-
flected by the rise of the 10 year yield implied by agent’s expectations of future short

6The authors report that virtually all of the officers in their sample have a college degree, while
according to the Current Population survey the same was true for only 24.5% of individuals in the
same age group.
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term rates. Without curvature in preferences over wealth and thus no wealth in the
unconstrained household Euler equation (65 = 0, not shown), the macroeconomic
effects are very similar, while required increase in the monetary policy interest rate
is smaller.

Figure 1: Impact fiscal multiplier outside the ZLB
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Note: Effects of increasing government spending by 1% of GDP outside the zero
lower bound. GDP and unconstrained household consumption are expressed as a
percentage of steady state GDP. Government spending follows an AR(1) process
with persistence A\. The calibration is as in Table 2, with 65 = 0.2.

I now examine the effect of an increase in government spending in the presence
of the zero lower bound. For that purpose, I assume that an exogenous decline in
the natural rate of interest hits the economy, i.e. r takes a negative value r’,
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 . Furthermore, with probability p, r{'will
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continue to equal ¥ in the following quarter, while with probability (1 — p), it will
return to zero, and is expected to remain there forever. Throughout this section
and the next, I will restrict the analysis to values of ufor which the equilibrium is
stable and unique, given the values of the other parameters. I then assume that
government spending increases for the duration of the low state by G1. The increase
in government expenditure is assumed to be too small to achieve and exit of the
economy from the ZLB. After the exit from the low state, in each quarter there is a
probability 1 — A that government spending returns to its steady state, and in this
event is expected to remain there forever. The effect of this path for government
expenditure on the economy is described by the following set of equations:

Y/L,t — (UgéL — UTTL,t> =0 [9 [(HLﬁL,t-H + (1 — ) ﬂs,t+1> + TL] + (1 — 9)5'Bl3t,L]
(26)

+0 (/LL?L,tH + (1= pr) }A/S,Hl)

—0 ((,ML + (1 —pp) A) UgéL —or [MLTL,tH +(1- ML)Ts,tHD

ﬁL,t = FJ(}A/L,t — FéL) + 3 [MLﬂL,tH + (1 —pp) ﬂs,t+1] (27)
TL,t = Ty?L,t + Tbi)L,tfl (28)

. R /. b o/ .
b = i <bL,t1 v <HL,t)> +Gr =T, (29)

where L refers to the low state and the subscript S,t + 1 refers to the value of a
variable in the first quarter outside the low state, assuming that the economy has
been in the low state in quarter t, where monetary policy follows its off-ZLB interest
feedback rule. Furthermore, a hat now refers to the effect of setting government
expenditure to Gron the deviation of that variable from its steady state.”

A useful special case is a version of the model without credit constrained house-
holds and linear preferences over wealth (w = 0 and thus o7=0, 0, =1, and ¢ = o),
as under these assumption government debt does not matter for the equilibrium
values of GDP and inflation, and equations equations (26) and (27) simplify to

ob (,U,LﬂL + A (1 — ,uL) ’}/H(;GAL> -+ MO (1 - /,LL) (’VYG - 1) éL

V-G = T 6p) (30)
A k(Y — TGL) + A8 (1 — pr) ymeGy
e = 1= Bur (31)

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

"This reinterpretation of the hat notation allows me to drop }A%L,t and rp from the exposition,
as they are by assumption unaffected by government expenditure.
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We first consider the case of a stimulus expected to last only as long as the
economy’s low state, i.e. A = 0, and the special case of the model described by the
aggregated demand and aggregate supply equation (30) and (31) (see the left column
of Figure 2)). For § = 1, as shown by Woodford (2011), the multiplier is larger or
equal than one and increases exponentially the expected duration of the low state
Dy, for the following reasons. With a zero probability of the low state persisting
into the next period (u; = 0<= Dy = 1) increasing government expenditure leaves
all t-+1 variables unchanged. Hence the expected sum of future inflation and (since

the nominal interest rate is fixed) real interest rates (—% in the aggregate demand

equation increase (30) remains at zero. By contrast, if the low state and the fiscal
expansion are expected to persist with some probability (u, > 0« D > 1),
the expected sum of future real interest rates declines and unconstrained household
consumption is crowded in. The associated higher GDP increases the expected sum
w(Y,—TGL)
. . I_B“L . . .
which feeds back into aggregated demand (31), thus accelerating the increase in

of future output gaps in the aggregate supply relation (31) and thus I,

(1“ _Lgi - )and thus GDP. The interaction between these two infinite sums gives rise to
the exponential relationship between the multiplier and D, displayed in Figure 1.

However, the increase in the multiplier is smaller for lower values of 6 (left panel
of Figure 2). For instance, for D; = 10, the multiplier equals 2.1 without prefer-
ences over wealth, but only 1.5 for # = 0.96. With 6§ < 1, households attach an
exponentially declining weight to future periods, implying that importance of future
real interest rates for current consumption of forward looking households declines
exponentially the further away from the current quarter they are located in time
(see equation (30) )). Lowering 6 also lowers the effect of the future output gap
on current inflation by lowering ( (see equation 31), though the attenuation of this
mechanism is quantitatively less important.

Adding credit constraint households to the model (w = 0.15, right panel of Figure
2) increases the fiscal multiplier for all values of py, and 6, and also raises the effect
of increasing Dy, (i.e. the slope of the plotted line). A (debt-financed) fiscal stim-
ulus directly increases the consumption of unconstrained households by increasing
employment and thus disposable income (i.e. o, > 1 for w > 0 in equation 26), im-
plying that the multiplier exceeds one even for Dy = 1. Furthermore, any decline in
the real interest rate now has a bigger impact on aggregate demand (as ¢ > 0).8 As
a result, the attenuation of the relationship between D; and the multiplier achieved
by lowering 6 below one is also much bigger.

Allowing for curvature (65 = 0.2) further reduces the fiscal multiplier in the pres-
ence of constrained households (see Figure 3) further for values of Dy >7. With the
high fiscal multipliers and the associated strong increase in inflation, the government
deficit and real government debt b, decline in response to the government spending
increase. The decline in their real wealth motivates unconstrained households to save
more, thus limiting their consumption crowding in. Thus for § < 0.97, the crowd-
ing of unconstrained household consumption and thus the GDP increase become

8Under the assumption that government debt is repaid by taxes on unconstrained households
alone, adding constrained households would imply that equation 30 would become Y, — agG L=
aQ(;LLHL+7“L RL)
(1—0pr)
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approximately linear in the expected duration of the low state Dy,.

Figure 2: Impact fiscal multiplier during low state, short term stimulus(A = 0), no
curvature (65 = 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
(A = 0). GDP and unconstrained household consumption are expressed as a per-
centage of steady state GDP. The horizontal axis depicts the expected duration of
the low state D = ——. All other parameters are as in Table 2. For details on the
computation of the dlsplayed values, see Appendix 11.
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Figure 3: Impact fiscal multiplier during low state, short term stimulus(A = 0), with
curvature (65 = 0.2)

GDP, no CC GDP, CC share=0.15
25 T T T T T T T T T 25 T T T . : . T
B 5
2r 2r
0] ]
a a
()] ()]
G 15¢ o151
S 3
1 1 '
0 0 1 2 3 4 5 6 7 8 9 10
DL DL
Inflation, no CC Inflation, CC share=0.15
15 T T T : : T T T T 15 T T T : . T T
1r 1
S S
051 051
0 0
0 0
DL DL
) Unconstrained HH consumption, no CC ) Unconstrained HH consumption, CC share=0.15
T T T T T T T T T T T T T T

% of S.S. GDP
-

% of S.S. GDP

=

- 3]

o
[
T

|— =L 4=0.99 — — =098 —-— =097 —— 4=096

Note: Effects on output, unconstrained household consumption and annualized in-
flation of increasing government spending by 1% of GDP during the low state only
(A = 0). GDP and unconstrained household consumption are expressed as a per-
centage of steady state GDP. The horizontal axis depicts the expected duration of
the low state Dy = _u All other parameters are as in Table 2. For details on the
computation of the displayed values, see Appendix 11.

I now examine the case where the increase in government expenditure is expected
to persist beyond the duration of the low state (i.e. A > 0), abstracting again from
constrained households and assuming linear preferences over wealth (see Figure 4, left
panel). This reason is that outside the zero lower bound, an increase in government
expenditure crowds out private consumption (Figure 1), the more so the more persis-
tent it is expected to be, which via consumption smoothing tends to lower consump-
tion during the low state. In equation (30), the expression A0 (1 — ur) (yve —1) <0
captures this mechanism. The expression is strictly negative as the fiscal multiplier
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outside the zero lower bound 7y is strictly smaller than one and declines in .
Therefore, without preferences over wealth, and A = 0, 0.8 and 1 (i.e. a permanent
increase), the multiplier equals 1.4, 1.2 and 0.4, respectively.

By contrast, for # < 1, the multiplier is much less sensitive to increasing A. For
instance, for # = 0.96, values of A = 0, 0.8 and 1 correspond to multipliers of 1.2, 1.1
and 0.8. The reason is that for § < 1, the household attach a smaller weight to the
low consumption/ high marginal utility state they will enter upon the exit from the
low state and thus smooth their consumption less. Furthermore, there is also less
consumption crowding out outside the low state with 6 < 1 (Figure 1). As a result
of theses mechanisms, the magnitude of the increase in inflation and the associated
fall in the real interest rate during the low state also declines less in A than for § = 1,
which tends to increase consumption as well.

In the presence of constrained households (w = 0.15), the impact of A on the
multiplier in the low state is even bigger, as the real interest rate sensitivity of
GDP is larger, and thus the decline in the inflationary effect during the low state is
associated with a much bigger decline of the aggregate demand effect through the
real interest rate channel. For 6 = 1, the multiplier decreases from 2.7 to 0.6 as\
moves from zero to one. However, the decline of the multiplier is smaller for # < 1, as
the aforementioned decline in the magnitude of the real interest rate drop is smaller
as well. For instance, for # = 0.96, the multiplier decreases merely from 2.0 to 1.2
(see Figure 4, right panel).
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Figure 4: Impact fiscal multiplier during low state, persistent increase(A > 0), no

curvature (65 = 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 A that the stimulus persists after the economy’s
exit from the low state and thus the ZLB. D, = 8 (i.e.ur, = 0.875). All other
parameters are as in Table 2.

With curvature in preferences over wealth (see Figure 5), the dependence of the
multiplier on the persistence of the government spending increase is reduced further.
For & = 0.96, and no unconstrained households, values of A = 0, 0.8 and 1 yield
multipliers of 1.4, 1.4 and and 1.3, while with credit constrained households, the
corresponding multipliers are 1.9, 1.9 and 1.7. The increase in government debt
associated with a persistent increase in government consumption increases the real
wealth of unconstrained households, which motivates them to spend more both inside
the low state (equation 26) and after the exit from the low state . As a result, for
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persistent spending increases, their consumption is higher than without curvature.

Figure 5: Impact fiscal multiplier during low state,

curvature (65 = 0.2)
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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 A that the stimulus persists after the economy’s
exit from the low state and thus the ZLB. D, = 8 (i.e.ur, = 0.875). All other
parameters are as in Table 2.

With preferences over wealth, the multipliers of permanent and temporary in-
creases in government expenditure thus become much more alike if the zero lower
bound is binding. Table 4 summarizes this result by displaying the multipliers of
both a perfectly timed and a permanent change in government consumption and an
expected length of the zero lower bound state of 8 quarters (D, = 8). Further-
more, for a permanent fiscal expansion, adding credit constrained households makes
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Table 4: Impact fiscal multiplier, Dy = 8
No constrained HH
Perfectly timed (A = 0) | Permanent(\ = 1)

=1 1.4 0.4
0 =0.96,0p =0 1.2 0.8
0 =0.96,0p =0.2 1.4 1.3

Constrained HH=0.15
Perfectly timed(A = 0) | Permanent(\ = 1)

=1 2.8 0.6
0 =0.96,0p =0 2.0 1.2
0 =0.96,0p =0.2 2.0 1.7

a bigger difference for the multiplier with preferences over wealth than without. The
main reason is that with preferences over wealth, the increase in the total wage bill is
bigger than without even in the absence of credit constrained households, implying
that adding constrained households whose consumption equals their labour income
implies a bigger demand increase. Furthermore, adding credit constrained house-
holds increases the crowding out of unconstrained household consumption after the
exit from the low state, which via consumption smoothing implies lower consumption
than without credit constrained households during the low state as well, but less so
with preferences over wealth since the future is discounted more heavily.

While the model is sufficiently simple to illustrate the key mechanisms under-
lying my results -discounting in the Euler equation and the direct effect of wealth
on unconstrained household consumption-, constrained households and/ or declining
marginal utility from wealth imply that the model has an endogenous state variable,
namely government debt. In Appendix 12, I show that in an analytically solvable
model which assumes linear preferences over wealth and a fiscal policy where gov-
ernment debt accumulated during the low state is funded by taxes on unconstrained
agents alone, the results are very similar to the 6p = 0 case just discussed.

5 Forward guidance

I now examine the effects of forward guidance regarding the path of the short term
interest rate. Specifically, [ assume that during the low state, the central bank via its
announcements creates the expectation that once the economy exits the low state, it
will move the policy interest rate by an amount Rf < 0 away from its trajectory in
the absence of the policy. Furthermore, it will keep this policy in place in subsequent
periods with probability jr, while with probability 1 — zi; it will revert to its off-ZLB
interest feedback rule, with szﬁ denotes the expected length of the forward
guidance episode. I restrict attention to values of y and py for a unique and stable
equilibrium exists given the other values of the parameters. For future reference, it
is again useful to describe the special case without credit constrained households and
linear preferences over wealth (w = 0 and thus 07=0, 0, = 1, and ¢ = ¢). Under
these assumptions the effect of forward guidance on GDP and inflation during the
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low state are determined by

L 1-— Q[I,L
~ K?L—i‘ﬁ(l—,u,[/)ﬂf
H pu—
L I B, (33)
}A/ _ o0 (,ufﬂf - Rf) (34)
e 1—0Opy
A Iin
I, = ——— 35
f T (35)

Equations (32) and (33) are the aggregate demand and aggregate supply equa-
tions during the low state, which determine YL and TI ras a function of Yf and T1 f, the
level of GDP and inflation during the state where the announced policy is actually
implemented. For a given Rf the larger Dy and thus puy, the hlgherYf and II £

To investigate the effect of increasing the expected length of the forward guidance
episode Dy (where D= ) I assume an expected length of the low state D = 6.

This assumption is con&stent 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 R ¢ to
an annualized value of -0.2%, which is also in line with the evidence of Del Negro et
al. (2015).

As can be obtained from Figure 6, with no preferences over wealth and no credit
constrained households (w = 0), the impact effect of the policy on GDP and inflation
in the low state increase exponentially in the expected length of the forward guidance
episode Dy. As in the analysis of a perfectly timed fiscal stimulus, the reason for this
exponential relationship is the interaction between the expected sum of real interest
rates and the expected sum of future output gaps in the aggregate demand and
supply relationships. With credit constrained households and the associated greater
interest rate sensitivity of aggregate demand, the effect of forward guidance on Y,
and II; is substantially magnified. The result mirrors the finding of Carlstrom et al.
(2015), who analyze a deterministic forward guidance policy.

However, in the presence of linear preferences over wealth (§ < 1 and 65 = 0)
and the associated lower weight households and firms attach to future periods, the
increase in GDP is much lower, especially for § = 0.96. The attenuation is even
bigger in the presence of credit constrained households, both in absolute and relative
terms.

Allowing for curvature in preferences over wealth (65 > 0), further reduces the
effects of forward guidance (see Figure 7). The reason is that the forward guidance
policy erodes unconstrained household real wealth by increasing the governments
tax revenue and inflation, allowing the government to delever. With curvature, this
decline in real wealth increases the marginal utility unconstrained households derive
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from saving, thus dampening the amount by which they increase their consumption
in response to the policy and thus the increase in aggregate demand (see equations
19 and 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).

For the aforementioned analytically tractable version of the model with linear
preferences over wealth and government debt funded by unconstrained households,
results are similar to the model without curvature (see Appendix 12) .
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Figure 6: Impact effect of forward guidance during the low state, no curvature
(65 =0)
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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. GDP and unconstrained household consumption are expressed as a
percentage of steady state GDP. The horizontal axis depicts the expected length of
the fixed interest rate policy Dy (where D f:ﬁ)' The expected length of the low

state is 6 quarters (i.e. uy = 0.83). All other parameters are as detailed in Table 2.
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Figure 7: Impact effect of forward guidance during the low state
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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. GDP and unconstrained household consumption are expressed as a
percentage of steady state GDP. The horizontal axis depicts the expected length of
the fixed interest rate policy Dy (where D fzﬁ)' The expected length of the low

state is 6 quarters (i.e. uy = 0.83). All other parameters are as detailed in Table 2.

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

In the appendix I show the impact of preferences over wealth on the effects of fiscal
policy and forward guidance carry over to a richer, quantitative model, with both

credit constrained households and firms. Like the simple model of the previous
section, it features constrained and rule of thumb (or credit constrained) households.
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Unconstrained households save in the form of government bonds and safe deposits
issued be financial intermediaries, and have preferences over wealth. Both household
types supply labor to retailers via a labor union, which sets a common wage for both.

On the firms side, an entrepreneurial sector owns and accumulates the capital
stock, and obtains external 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 the Bernanke et al. (1999)
financial accelerator model, implying that the investment response to any shock
which increases the present discounted value of a unit of capital is amplified compared
to a model without a financial accelerator. Since entrepreneurs consume their net
worth once they die, the financial accelerator also creates a link between asset prices
and consumption.

Entrepreneurs rent their capital stock to retailers. Retailers produce the ho-
mogeneous output good employing physical capital and labor in a Cobb Douglas
technology. Investment good producers owned by unconstrained households convert
the output good into new capital goods and sell them to entrepreneurs. Invest-
ment goods producers 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 14. I estimate key
parameters by matching the Impulse response functions to a monetary policy and
a fiscal policy shock from the identified VAR model estimated by Blanchard et al.
(2015) on Euro Area data.

In the simulations of the effects of fiscal policy and forward guidance, I proxy
the zero lower bound by switching off the central banks interest feedback rule for a
specific period, and conduct the simulations under perfect foresight. Regarding fiscal
policy, I find that the effects of a government spending change lasting as long as the
period during which monetary policy is constrained is similar both in the presence
and in the absence of preferences over wealth. For a permanent change, as in the
simple model, the fiscal multiplier is substantially lower without preferences over
wealth due to crowding out of unconstrained household consumption. Therefore,
with a permanent change, adding credit constrained households and firms to the
model without preferences over wealth increases the multiplier only slightly, as the
employment increase which determines the increase in constrained household con-
sumption is low, and the low overall GDP effect implies a small decline in Tobin’s
Q. By contrast, with preferences over wealth, the multipliers of temporary and per-
manent changes in government expenditure become very similar, and the increase
in the multiplier associated with adding credit constrained households and firms is
substantially bigger.

Regarding the effect of forward guidance, I confirm the results from the stylized
model that preferences over wealth strongly attenuate the effect of forward guidance,
especially so with declining marginal utility from wealth. Via higher higher infla-
tion and tax revenues, the forward guidance policy redistributes real wealth from
unconstrained households to the government and entrepreneurs, which the increase
in unconstrained household consumption.

26



7 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. Furthermore, real wealth enters the unconstrained household
Euler equation. Therefore, the contractionary effect of a permanent cut in govern-
ment 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
policies imply a decline in unconstrained household real wealth, which motivates
them to save more.
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8 Calibration of the curvature of household prefer-
ences over wealth

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

Bo;+ PiCot = Ri-1Bo—1+ Yo, (36)
The linearized partial equilibrium economy is described by the following equations:

—OH (C'o,t - hé’o,t—1)

Ao, = 37
oy T (37)

Aoy = 6 (AO,t + R — ﬂt+1> —(1-0) opboy (38)

YY,, - CoCoy
bo

boy = % <bO,t71 + R, — Ht) + (39)

Following Kumhof et al. (2014). I then assume that Yy, increases permanently
in period one to a level ffO, 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

M PS — bobo 24

24Yp pYo
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9 Derivation of the stylized model

9.1 Households

Households seek to maximize the objective
constrained households do not receive profit income

1 l/O'H l-op
7 i )
> | i e (32) @

A fraction of households (1 — w)has unconstrained access to financial markets and
thus can vary its holding of safe bonds B;. The remaining fraction w of households
is restricted to B; = 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

B+ PCoy = R 1B, + WNoy — PToy (42)

Maximizing (41) subject to (42) yields

R B i 1—0’3
Aoy = Ba—MAos1+ 05 ( ];H ) (43)
t+1 t+1
Aoy = Coi/o" (44)
while for ROT households we have
Crory = w¢Nrort — Trory (45)
—1/og
Arort = Crory (46)
Aggregate consumption is given by
Ct = (]. — CL))CO’t -+ WCROT,t (47)

10 Firms

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

p1 = pur [The initial state is now the low state.]

Yi(9) = N (9) (48)

Real marginal cost mcis given by

Wy
= — 49
mey N (49)
Ty = Iimct + Bﬂt-i-l (50)
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10.1 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

. . . N (i) o N (i)
wy (1) (WAROT,tN (D rory + (1 —w) Aoy N (Z)O,t> +WXW +(1-w) XTU’

wherew; (i) = %f)f Assumption: Firms higher household types on proportion to
their population share, hence No; = Ngror; = N;. Hence

147
wy (1) Ay (i), + le(ZT)tn
with
Ay =wAgor: + (1 —w) Aoy (51)
and

N (i), = (w;(j)>_ew

The FOC is then given by (taking into account that all unions set the same wage)
wi\y = XN oy (52)

with p,, > ldenoting the wage markup.

10.2 Log-linearization: Aggregate demand
Linearizing (43) yields

/107,5 =0 |:Rt - ﬂt—f—l + /iO,t] + 0'B<1 — e)bo’t

~

éO,t = —Ooy [Rt - ﬂt—i—l} + 900,75—1—1 +ogop(l —0)bo,

or
Coy = —boy [fat - ﬂt+1] 4000441 + oudp(l — )b, (53)
with 65 = O'B% and l;t = %

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 (47) and linearizing yields
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VY = (1 - w)CoCoy + wCrorCrors + Y G (54)
Linearizing (45) and (48) as well as using No; = Nror: = N, yields

. 1.
Crort = Wy + aYt — Trory (55)

Linearizing (51), (44) and (46) and using Co = Cror and Agor = Ao yields
yields
" 1 -
A =——C (56)
OH

A~

Linearizing (52) and (48) and combining the result with (56) yields w; — éé’t =nN,

R N
by = Y+ —C;
[0 Of

~

or, using C; = %(ift — Gy)

by LY o o
wt—aYt‘l—aHC(Yt Gt) (57)

Substituting this equation into (55) yields
+1- 1Y . A .
1 Y: + —5(3@ — Gy) — Trory (58)

OH

Crort =

Combining (54) and (58) yields (1—w)Co,; = (fft — Gt> z—w ("THYt + é%(i@ ~Gy) - TROT,t>’

or

R N A\ Y 1 + 1. .
(1—w)Co, = (Yt - Gt) = (1 - w—) — TV, 4 wTror (59)
C oy (0%

Combining (59) and (53) yields

. A 1 C n+1- C -
(Yt - Gt) (1 - w—) - ?wn - Y, + W?TROT,t

=—(1- W)O'H% [9 (Rt - ﬂt-i—l) + (1 — 9)5B6t}

R R 1 C n+1_ C .
+6 (Y}H — Gt+1> l—w— ] — —wn—Y}H +w=Tror 141
oH Y « Y

or
. 1 Cw(l A 1 C -
Yi(1l—w— — —M -G |1l —w— | +w=Trort
og Y (0% og Y ’

- (- w)ng +ireis [9 (f{t — ﬂt+1> +(1- 9)536t]

R 1 Cw(l+ 1 A C -
+6 (Yt+1 (1 —W— — —u) — (1 - w—) Gt+1 + W?TROT,t—l-I)

oy Y « oy
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or

~ <1 - w%) Gt - WQTROT,t 1 —w Q ) . R
}/;f - H Y — ( )UHY |:9 (Rt - Ht+1> + (1 — 9)5-Bbt:|
(1 —wLt = QM) <1 —wl Qw(l-i—ﬂ))
OH Y o on Y o

1 ~ Cr
(1 - wa) Gy — W?TROT,t+1

<1 —wi . Qw(1+77)>

+0 | Vi1 —

oH Y «@

10.3 Phillips Curve

Linearizing and combining equations (49) and (48) yields mc; = w; + ITTO‘Y; Substi-
tuting (57) yields

. 1. - l—a+n, 1\ 12 1 . A
mct:—(n—GtH—”Yt:(nﬁ—)n— Gtz(m+—) (Vi -16:)
g (0% o o

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 o = %Lg))y, Ny =
l1—a+ _ %
—Tla and [' = prig

Furthermore, note that for mc, = 0, we have Y; = Yt*, implying that

Y =TG, (60)

11 Note on the solution of the model used in the

main text

To solve the simple model, I cast it in a form displayed as equations (61) to (73)
below, where

e A hat now indicates the effect of a policy on the percentage deviation of the
respective variable from its steady state (allowing us to disregard the risk pre-
mium shock which induces the ZLB situation).

e ep; and eg, denote one-off shocks with Fiep; = Eieq, = 0, and a standard
deviation of 1.

e Subscript 1 (2) indicates the initial (subsequent) state.

e Variables with subscript F are relevant for the forward guidance policy only.
They represent the effect of pegging the policy rate at ep; during the first
period of the peg.

e siydenotes the probability of remaining in the initial state in period t+1, while
(1 — p1) denotes the probability of moving to the second state. No return to
the first state is expected.
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e Dy pis a dummy variable (in Dynare: a parameter) with Dz p = 1 indicating
the ZLB state, or -with forward guidance- the state where the central bank pegs
the interest rate.

e They. coefficients denote either the effect of an an exogenous (i.e. G’Lt) or
endogenous state variable (e.g. by1;_; and R;;1) on Yoy, I, and T5,. They
affect the solution during state 1 iff p; < 1.

Yu—(ggél - UTT1,t> =—0 [Q |:Rt - (Mlﬂl,t—i-l +(1— ) ﬂ27t+1>i| —(1- 9)5367:} +0 </~L1}A/1,t+1 +(1—

(61)
1—w-t
. I w _ C ~ _ o(l-w
with o, = (l_w;{_gﬁ(lﬁ)), or = (1—w$¢f§i“j"))’ 0O=0Hy,0 = (1_%(_%3(1:"))

ﬂl,t = ’f(f/l,t - Fél,t) + 3 |:,u1ﬂ1,t+1 + (1 — 1) ﬂ2,t+1] (62)
Gl,t = pél,tfl + eqg (63)
Tl,t = TyYLt + Tbi?l,tq (64)

. R /. b /. . R .
b = I <b1,t—1 + % <R1,t—1 — Hl,t)) +Giy— Ty (65)

éu =(1—DzLp) [¢ﬂﬂ1,t + ¢y(5}1,t — Fél,t):| +Dzrp [él,tfl + Rrepy (66)

Y 1

A 9 A +1
(1 - W)Co,l,t = (Yl,t - Gl,t) 5 <1 - W—) - Wn

~ Y ~
Yi:+ W5¢ROTT1¢ (67)

Condition on the t-1 being the initial state, quarter t GDP, inflation and taxes
in the second state are determined by

Yu = )\Vyeél,t + VYb[;l,t—l + ’YYRRI,t—l + Y/Q,F,t—l (68)
ﬂz,t = A’YHGél,t + ’angl,t—1 + ’YHRRLt—l + ﬂQ,F,t—l (69)
T2,t = )\VHGéLt + ’YHbTI,t—l + ’YHRI:gl,t—l + TZ,F,t—l (70)

The .. coefficients will be determined below.
The following equations are relevant for the forward guidance simulation only

TF = TF,t—l + Yrep€rt (71)
Y = }A/F,t—l + Vyer€rt (72)
ﬂF = ﬂF,tA + Viep€Ft (73)
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Equations (61) to (73) appear in the Dynare code. The MSV solution of the
model for the variables of interest as a function of exogenous and endogenous states
and shocks can be written as

Yii=TyveGrii+yvbii—1+ Dy rBRi 1+ yv . T 1+ Dy v Yei 1+ le yeea i+ e yrers

(74)
IL ; = I'neGr 1+ b1 1 ar Ry -1 H i, T 1 v Yee— 1 Hl e nge e+l e ire g
(75)

Tl,t = FTGél,tfl +FTbZA71,t71 "‘FTR/Rl,tfl"’FTTF TF,tfl + 7y, )A/F,tfl +lereeci+le rrery
(76)

C’O,l,t = FCGél,t—l+FCb61,t—1+FCR’ﬁl,t—l+FC’TFTF,t—1+FCYYF,t—1+Fe,CG6G,t+Pe,CFeF,t
(77)
and is produced by Dynare.
11.1 Government spending multipliers
To compute the government spending effects reported in the paper, the following

steps need to be followed sequentially.

11.1.1 Step I: Model solution with active monetary policy (Figure 1)

1. Set
(a) ZLB = 7.. = =0 [HO ZLB]
(b) 11 [Economy remains outside ZLB with probability 1]
(¢) p=
(d) Rp=0

2. Solve model with Dynare. This step yields values for the ' coefficients.

3. The impact effect of a government spending increase outside the ZLB
is given by I'c v, 'enir, e ra, Ueca-

Figure 1 is obtained by performing Step I for the respective values of A\, w and 6.
11.1.2 Step /I: Government spending multiplier during ZLB (Figures 2-
5)
1. Set

(a) Dzrp = 1 [During the ZLB, the interest rate does not respond to GDP
and inflation]

(b) yyp = I'yp|Use solution of model in Step I in order to determine the effect
of endogenous state variables on the economy in period t-+1 in the event
the economy exits the ZLB state in t+1.]
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(a) p1 = pr |[The initial state is now the low state.|

(b) p =1 [Gov. spending remains at G, for at least the duration of the low
state. |

(¢) vwa = I'eye|Use the solution obtained in Step I to determine the effect
of a government spending increase on GDP outside the ZLB.|

(d) e =Tene
(e) yra = I'era

3. Solve model with Dynare, obtain new values for I _ .

4. The impact effect of an increase in government spending during the
ZLB is then given by Fe,yg, Pe,HF; Fe,TG7 Fe,C’G-

Figures 2 to 5 are obtained by conducting step I and II for the respective values of
)\,/LLzl—DLLand.

11.2 Effect of forward guidance (Figures 6 and 7)
The effect of forward guidance is computed by following steps Ip — I11p :
e Step Ir: Same as step 1.1 and [.2.
e Step I1r (Compute model solution during the “voluntary pegging state”)):

— Perform step 1.1
— Then (instead of step 171.2 ) set
* ]:Ef to the desired level.

x iy = pp =1— DLF [The initial state is now the state during which the
interest rate cut is actually implemented, i.e. the “voluntary pegging
state”]

— Solve model with Dynare, obtain new values for the I coefficients.
e Step I11p (Compute impact of forward guidance during the ZLB state).

— Perform step 1.1
— Then (instead of step 171.2 ) set

* py = pup, = 1 — = [Initial state is now the ZLB state, state 2 is the
Dy,
“voluntary pegging state”|
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* Vyep = Leyr [Effect of the forward guidance policy on GD].
* VMiep = Lenr
* VYrep = LerF

— Solve model with Dynare to obtain new values of I"

— The impact of forward guidance during the ZLB is then given
by Fe,YF; Fe,HFa Fe,TFa Fe,CF-

e Figures 6 and 7) are obtained by repeating steps Ir — [ 11 for the respective
values of Dr and w.

12 Simple Model without endogenous state variable

In this section I analyze a simplified case of the model treated in the main text.
Specifically, I assume that there is no curvature over wealth (65 = 0) and that
whenever the government accumulates debt, it is repaid by taxes on unconstrained
households alone. Using dTror = ¢rordG; and Cror = C, we can write TROTJ =
%gbROTC’t, with ¢ror = 1 if credit constrained households contribute to the increase
in government expenditure according to their population share. I can then writeo =

C
C ~ _ o(1-w) o (1_7i:y>_w¢ROT,t
OHy, 0 = (1I-=g g e=0rm) Ogt = (1—wg_getiay -
oY Y «@ Y Y @

Y, = eyt—i-l — 0o (it - 1A1t+1 - f) +0g4t (Gt - HGtH)

In the absence of ROT households (w = 0),6 = cand ¢, = 1, and thus the equation
reduces to equation (3.12) in Woodford (2011).
The simple model is then written as

}Aft = Q}A/H,l — 0o (Et — ﬁt+1 — T;wt) + Og.t <Gt - 6Gt+1> (78)
I, = w(Y; = TGY) + BTl (79)

12.1 Determinacy and MSV solution outside the ZLB

12.1.1 Determinacy

Proposition 1: Consider an economy described by equations (78) to (80). Then the

necessary and sufficient condition for a unique and stable equilibrium is given by
$y(1-B) b >1— (1-p)(1=6)

Oko
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For § = 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 6 < 1, the economy becomes
less prone to expectation driven fluctuations, as the right hand side of the equation
becomes smaller as 6 and thus S decline, as expectations of future real interest rates
now have an exponentially decreasing effect on aggregate demand (see equation 78).
However, I restrict the discussion below to calibrations of the monetary policy rule
which yield a unique and stable equilibrium for all values of fconsidered.

Proof:

We first eliminate all exogenous variables and bring the system into canonical
form:

From (78)
I, = kY, +5Etﬂt+1
A K A i
& Bl = —gYi+
From (79)
wC  w(l+n)\ ~ wC  w(l+n)\ ¢ LA _
(1—07—%)}@:6{(1—0—}/—% KJrl —00(1—&))(%—Ht+1—7°)
o\ e o0 (1 —w) .o _
Y, =0Y 1 — (1 e w(1+n)> <Zt — Il — 7”)
oY «
yt = Q(Eti/;f—&—l) + o0 <Etf[t+1 — <¢7rﬂt + bey%))
. 3 L . N
<:>Y}(1+09¢y)+0(9¢7r1_[t:0(EtY}+1)+m9 E—B t

=Y, (1 + UT'EG + 59@,) + (&eqjﬂ — %0) I, = 0E,Y, .,

. (1 Gkl 7\ -
<=>EtY2+1=Yt(5+ﬂ+5¢y)+(&¢ﬁ—%>nt

0p
A ~ (1 Gk _ o\ ¢
EYin =Y, (5 + ? +U¢y> + (U¢n - E) 11,
Edl = -2 + ?t
System in Matrix form:
BT i,
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with A =

1 5 g G

7t % + 1_ % )
B B

Calculate determinant and trace:

4= (5+ % +50,) 5

k(o \_1 0% KGO
5 6(6 ‘”b”) BB B
tr(A) = = 4 2

ok 0¢, 1
Gt T3
According to Woodford (2003)’s Case I, a unique and stable equilibrium exists of
the following three conditions are jointly met:

det (A) >
det (A) —tr(A) > -1
det (A) +tr(A) > —1
1 0Py KOO
Al= — 4+ 2%

| A 95+ 5 + 5 > 1
have

This condition is always fulfilled since 85 < 1. Regarding the second condition, we

Al —tr (A) > -1

1, 50, Koo,
05"

OK 1
_=_ZE_; > 1
5 6 5 "3
@1+59¢y+eﬁ5¢w—§—9“¥—

@50%(1—5)%5&@—95—"’”>9—1+5(1—0)

=—-(1-p5@1-0)
0, (1 — 1-— 1—-4

<:>—¢y( 5)+9¢W>9—( 5)~( )

K KO
AL N e [ )
K Oko
For 0 = 1, condition collapses to Woodford (2003). For 6 < 1, the condition
achieved even if LHS<1.

for determinacy becomes less strict than in Woodford (2003): Determinacy may be
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12.1.2 MSYV solution

Proposition 2: Consider an economy described by equations (78) to (80), with govern-
ment spending described by Gy = p@t_l , with p < 1. Assume also that the percapita
taz burden of ROT households per unit of dG; remains fized at 1. Assume also that
the determinacy condition given of Proposition 1 holds. The minimum state variable
solutions for output and inflation are given by

}Aft = IYyGAt
ﬂt = ’Ywét
with
. 0y (1 = p) + T50(0, + =2=2))
y = R (fm
(1= p8) +30 (0, + =2=32)
k(1 —pbl) (o, —T
o K1=8)(5,=T)

(1= p8) +50 (9, + 2232

In the absence of constrained households (o,=1), 7, < 1 as an increase in gov-
ernment spending increases flexible price output by less than one for one (I' < 1).
Furthermore, the fiscal multiplier decreases in the persistence of the government
spending shock p, the slope of the Phillips curve x, the hawkishness of monetary
policy (¢, and ¢,) and #. For a permanent government spending increase and no
preferences over wealth (p = 1 and § = 1), 7, = I', i.e. the increase in GDP
corresponds exactly to the increase in flexible price output caused by the wealth
effect on labor supply, implying that inflation remains is (v, = 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 6 < 1, v, > T'
and 7, > 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.

Proof:

The MSV solution has the form

Y/t = Ty ét
I, = Y Gy
R, = Gy

Euler equation:
Y, = G%Jrl — 0o (Rt - ﬁtJrl) + 0y (ét — eétJrl)
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’yyét +iyeir =0 (p’yyét> — 0o (’yiét — p'yﬂét> + oy (ét - Hpét)

[y (1= pb) + 567; — 50pv+) Gy = 04 (1 — 0p) G, (82)
Phillips curve:

’Ynét +ir€ip = /‘f(%/ét - Fét +iyeir) + 5%Pét

(=R + 7 (1 = Bp))Gi = —rTGy (83)
MP rule:
Viét - qbw’%rét + Qby('yyét - Fét)
(—Wdy + % — ¢¥x)Gr = =6, TG (84)
Equation system to solve for 7,7, 7 using Kramer’s rule (collecting equations
(82) to (84))
( Ty ) og(1— pb)
Acl v | = —xI (85)
Ve _(byr
with
(1—p0) 660 —acbp
AG( 50 <1ﬁp>)
_¢y 1 _¢7r
Solution
_ 0 (1—25p) o = (1=0p) ~p | =K 0
B ] el IS ol I
= -1 = p) 1 — Bp) — O[kor+oy(1—Pp)] + dbpr
. Kx dbpk o]
= —(1 - 1—pb 0 — 0
( Bp){( O+ TG " a—pe T
_ ~ K(Qbﬂ — p) ]
= -1 = By [(1—09)+09 (¢y+m)_
ogs(l—p0) a0 —abp
|Acy| = —kT 0 (1-p8p)

_¢yr 1 _¢7r
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—kl' (1 6[))‘ B

= —o(l = pf)(1 — Bp) — 59'_¢yr —0n by 0'

obp ’—qsyr 1
= —04(1 = pb)(1 = Bp) — 60(kL'dr + ¢,I'(1 = Bp)) + G0prT

~ Tokoy  Trabp ]
_ 3 _ — pf) + G0 -
(1 Bp) [%(1 po) + 509, + (1-8p) (1-5p)]

= (1 = Bp) [aga — pf) + T50(¢, + %)_
(1—=p0) 60 o4(1—pb)
’AG,W| - —K 0 —xI
—¢y 1 —¢,0

=k (=000, — a,(1 — p8))+kL ((1 — pb) + 66¢,) = —koy(1—pB)+krI'(1—ph) = —k(1—pf) (6, — T)

L= el _ 0y(1— pb) +T56(¢, + 5225
Yy =
|A| (1 - p@) + g6 (¢y + “(%*p))

(1-8p)
Aesl k(1= ph)(o,=T)
AL (1= )+ 60 (0 + 52

12.2 Determinacy and MSYV solution inside the ZLB

12.2.1 Determinacy

Proposition 3: Consider an economy described by equations (78) to (80), and

assume that v takes a value r* sufficiently negative for R; = —i. Assume fur-
net

ther that vy = rb with probability pp, and r¢i = 0 with probability (1 — ug),
and that once ri¢t = 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= pB) (1 —0p) > 05kpL.
From (79) we get (again ignoring all exogenous variables)

koo I
__Y;_|__t

I, = kY; + pBEIL, & Bl =
prpB uLpB

From (78)
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Vi = 0(u BiYin) - 50 (—pa Bl
f; = Q(MLEthH) + 0 (MLEtﬂtﬂ)

N N 1T A
=Y, (14 600,) + 600,11, = 0(up EYis1) + 60 ( Bt 6Y>

I =

N o KH ol
—Y; (1 + % + 5‘9%) + (09¢7r - E) I, = 0pr B Yo

- ~ 1 ok G oo o ~
<:>Eth+1:Yt( + + ¢y)+<¢ ——)Ht
Our — pofB KL prB
Hence in canonical form, the system reads:

(en)=2(5)
Efl f,

1 K o
S S /S
0
A= (B e )
pLB LB

|A|:(1+O'/€>1_I{ s _ 1
Our  Bur) peB  prBucB  Ouip
1 oK 1

Brr " prB

According to Woodford (2003)’s Case I, a unique and stable equilibrium exists of
the following three conditions are jointly met:

with

tr(A) =

det (A) >
det (A) —tr(A) > -1
det (A) +tr(A) >

Condition I and IIT are always met.
Condition II:

=1
11

1 1 Ok 1 urB  0okur 9
Al-tr(A) > -1 < — — — >-lel-—7—"—+-4 —0
[Al=tr(4) > OuiB Our Bpr pLp 1 7 T One > —0uip

S 1—pLB— O+ 0p3 8 > 06rkp

& (1= pB) (1 = 0pr) > 0okp

44



12.2.2 Fiscal multiplier

Proposition 4: Take the assumptions from proposition 3 and ad that during the
low state L Gy = G, while after the end of state L, G, = Gwith probability X and
G, = 0 with probability (1 — X). Furthermore, during state L ¢ror: = ¢ror.r = 0,
and during state S, ¢rort = ¢ror,s = 1, respectively. Then GDP and inflation
during the low state are described by

Y/L = 'YG’LYLGL + YrLvy (TL — RL)

ﬂL = ’YGLHLGL + Ve, (TL - RL)

with
ey, = (1 —06pr) (1= Bur) ogp — KOG LT + 56(1 — pp)Ayr + OA(L — pr) (1 = Bpr) (v — 0g,5)
LY (1_9NL) (1—5;@)—#;0&,1@
At e =D P A~ pa) (= o0s) (L= i) M
e (1 —0pr) (1= Bur) — kbopur 1—Pur
with
Yy, = b (1 - 5/~LL)
(1= 0pn) (1 Bur) — k05
kol

Vr = =
H (1 =0pr) (1= Bur) — ko
S (1- %) — WPRrOT

9.5~ ( wC Cw(1+77))

oY Y «

(=)
Ug,L_< e C’w(l-‘r??))

oY Y «

with v, and v, as determined in proposition 2 and p = A.

Proof:
From (78) and using the assumptions stated in the proposition yields

YL_O'g,LéL = Q(MLY/L—ML%,L@L‘F)\G—ML)YS—/\(1—ML)Ug,Sés)—59 <RL - MLﬂL - (1 - ,UL))‘fIS — T

(YL — Ug’LéL> (1 — Q,U,L) = g0 (/LLﬂL -+ (1 — ,U,L))\ﬂs + T, — I%L) —i-@/\(l—,uL) <§A/5 — 097,5*@5)
(86)
From (79), we have

ﬁL == /{(}A/L - FGL) + B <,uLﬂL + (1 - /LL) )\ﬂg)
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ﬁ (1 — /LL) )\ﬂs

A

I, = Y, —TGp) + 87
- 1—ﬁuL( - ) 1= Bur (87)
Combining (86) and (87):
0 A _ = 3 K ’ A . prB (1 — pr)
(YL—O'QJJGL) (1—9ML) = g0 —RL+ML1_BML(YL—FGL)—FT’L—i—(l—ML))\HS—i—l—_ﬁ/JJL

+ON1 — ) (ffs — Ug,sé's>

v ((1 ~Oy) — 2 ) _ ((1 —Our) oy — 56 (m

K A= s 1 —=PBur-
r 9 _ - L
1= B 1—Bur ))GL+U <TL fiet 1-p

(0= Our) oy = 50 (a5 ) Go + 66 (ra — Ry + =5 (1= jus) AL )

((1 —Opur) — uLle‘,iL)

v, =

ON(1 — ) (ffs - Jg,SéS>

((1 —Opr) — m%)

+

(1= Bur) (1 — Opp) oy — 50pskD) Gr, + 60 (1 — Bpuy) (rL — R+ A (1 ) ﬂs)
(1= 0ur) (1 = Bur) — prkdo)

v, =

(88)

O(1 — pp)A (1 — Bpr) (f/s - Ug,SéS)
(1= 0pL) (1 = Bur) — prkoa)

With GS = GL, we have YS = ")/yég and f[g = ’}/ﬂ-és
Solution for

+

~ (1 =0pr) (1= Bur) oy — kOourl +00(1 — pp)Ave + OM1 — pp) (1 — Bur) (v — 04.5) A
Y, = — G
(1—=0pr) (1= Bur) — k05,

(89)

560 (1~ Bur) .
+(1 —Our) (1 — Bur) — kbopur <TL - RL)
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(A=0pr)(1-Bur)—K05u T
(1=0ur)(1—Bur)—rKb5pur

~

Solution for IIy,

> 1since' <1

I — m(l —0Opr) (g —T) +W*‘9)‘<1 — pz) (Vg — 0g.5) N B(1—pp) A\ A N
- (1 —0ur) (L — Bur) — s0cpur, 1—Bur = Oy

As can be seen from Figures 8 and 9, the effect of lowering 6 below one is qual-
itatively the same as in the model with curvature and the more realistic fiscal rule
and remains quantitatively significant.
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Figure 8: Fiscal multiplier during low state, short term stimulus(A = 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
(A =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
(¢ror.. = 0). The horizontal axis depicts the expected duration of the low state
Dy = ﬁ All other parameters are as in Table 2.
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Figure 9: Fiscal multiplier during low state with the change in government expendi-
ture outlasting the low state(A > 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 A 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.u, = 0.875). During the low state, taxes on credit constrained house-
holds are fixed at zero (¢pror = 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 (¢rors = 1). All other parameters are
as in Table 2.

12.2.3 Forward guidance

Proposition 5: Take the assumptions from proposition 3 and ad that once the economy
exits the low state, the central bank, with probability fixes the interest rate at a level
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Rf. Conditional on fixing the interest rate in the first post-ZLB quarter, it will keep
the quarterly interest rate at Z%f in subsequent periods with probability pp. With
probability 1 — py 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

Y/L = VRfYLRf + VrLvy (TL - RL)
ﬂL = ’YRfHLRf + Vrpmp (TL - RL)
with

o 50°p (1= ) (55 + (1= Bpue) (1= Bpsy)
BT (= ) (1= Bun) — o) (1= Opg) (1= Bug) — w6 p1y)

(1= ) At [0 (22 + 1= By ) + 5 (1= Oy — 42222 )]
(1= 02) (1= Bpuz) — p08) (1 — Opp) (1= Bpiy) — rbrp)

/YRfHL —

Proof:
~ GDP and Inflation in the low state are determined by (88) and (87), where we set
G, = 0 and replace the subscript S with f, where f refers to the state during which
the announced policy is actually implemented:

a6 (1 — Bur) (TL — Ry + =5 Ap (1= ) ﬂf) 0(1 — ) (1 — BuL) Yy
(L= 0p) (1 = Bur) — prrbo) (L= 0pr) (1 = Bur) — prkbo)

Y, =

where II ¢ and f/f refer to inflation and GDP once r is at zero but the policy rate
is still fixed. Iy and Y} are given by

oo o (1 — Buy) ;
) 0= gy () o
. Kot -
e - (1= 6pp) (1= Buy) — w0y (1)
Hence
v :_[ 0 (1 — pg) ko N O(1 — pp) (1 -
: (L =0ur) (1 = Bur) — prkts) (1 —Oug) (1= Buy) — kb5py) (1= 0pur) (1= Bur) — prk

_ [ 06> (1 — pr) (k6 + (1 — Bur) (1 — Buy))
(1= 0ur) (1 = Bur) — prsba) (1 —0uyp) (1 — Buy) — kbopy)

and

o6 (1 — Bur)
(L= 0pur) (1= Bur) — Kb

}Rf-‘r
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. . 1— )11
fl, K Y+5( pr) Iy

T 1—Bpr
kG60% (1 — ) (kgh +(1— ﬁuf))

o0 (1 — Bur)

= (0= 00) (1= i) — ) (1= Opag) (1= Breg) — g | 0 F
kG60% (1 — pr) (% +(1— 5#,‘))

(1= 0pr) (1= Bur) — kt

o0 (1 —Bur)

= (= ) (1= Brz) — o) (1= Byeg) (1 — Bpag) — wpg) |

0 (1—”5“ +1-— ﬁuf) + 6 (1 — Oy, — {%)
(1 =0ur) (1= Bur) — prrbo) (1= Opg) (1= Buyg) — kO puy)

:—(1—ML)I<,5'(9

As can be obtained from Figure 10, the effect of lowering 6 below one is quali-
tatively the same as in the model with curvature and the more realistic fiscal rule
and remains quantitatively significant. It is however smaller than in the model dis-
cussed in the main text due to the absence of a direct effect of the decline in real
unconstrained household wealth on their consumption.

o1

(1= 6pr) (1= Bur) — kt

50 |

Ry — 9
T —6ur) (1



Figure 10: 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 D; (where D f:ﬁ). The expected length of the low state is 6 quarters
(i.e. ur = 0.83), and the Central Bank embarks on its fixed interest rate policy after
the end of the low state with certainty (Af = 1). All other parameters are as detailed
in Table 2.

13 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 external
funds in the form of one period loans from the financial intermediary. Thus the
wealth of unconstrained households now consists of government debt and -via the
financial intermediary- the debt of entrepreneurs.

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
employing physical capital and labor in a Cobb Douglas technology. Perfectly com-
petitive investment good producers owned by unconstrained households convert the
output good into new capital goods and sell them to entrepreneurs. Investment goods
producers 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 14. 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.

13.1 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 K} and rent it to retailers. After the collection of rental income, the liquidate
their capital stock. Their period t return on capital RX is thus given by

I (drf (1—7x)+ Q: (1-— 5))
Rk

R} =11, + — Q11 (92)
where dr¥ and Q.denote 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 N, 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 ¢ + 1. In case of default, the
bank seizes a fraction (1 — p)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 R;. As a result, the entrepreneurs first order conditions require
a positive relationship between the spread of the entrepreneurs expected return on
capital EtRffH over the risk free rate R; and entrepreneurial leverage:

ERE, — Re=x" (Q+ K~ ) (93)
with x> 0 if bankruptcy is costly (i.e. if u > 0). Et}A%fil — }A%t is typically referred

to as the cost of external finance. Furthermore, each period a small fraction 1 — of
entrepreneurs dies each and consumes its net worth, and are replaced with a fraction
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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
We ¢, 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 — uG (@)) <§tK - ﬁt) as well as negatively on the real

save interest rate R;_; — II;

5y | B (=G @) (RE - T0) + o (01— 16 @)~ £) (@
—E (g 1) <Rt_1 - Ht> — B LG (@) o

(94)
where ¢°¢ = % , Wi, G (W) and ~y denote steady state leverage, the bankruptcy thresh-
old, the steady-state probability weighted expected value of the idiosyncratic shock
w(conditional on w < @) and the survival probability of entrepreneurs, respectively.
The financial accelerator works as follows: Any shock causing a jump in @t by say
lowering the monetary policy rate }A%t and/ or increasing expected future output
and thus drf (see equations (92) and (93)) will increase not only investment, but
also ﬁtK and thus period t net worth (see equation (94)). The financial accelerator
amplifies the jump in Qtand thus in investment by letting the associated decline

in entrepreneurial leverage (Qt + I/(\'t — Nt> reduce the external finance premium

E,R} | — R;. Furthermore, for a given nominal interest rate, an increase in inflation

IT; lowers entrepreneurial leverage and thus the cost of external finance by lowering
their real debt burden. )
Finally, entrepreneurial consumption Cfis given by
fe _ (L= N ¢
Cf = —F—N\, 95
t ’YV t ( )
Financial intermediaries fund their loans by collecting deposits from unconstrained
households. Hence the safe assets B entering their utility function now consist of
both bank deposits and government bonds.

13.2 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:

Top = (1- dfc,t) (1—pr) ¢‘rl;t + prTci-1 (96)

where 7¢; and b, denote the percentage deviation of the employees labor tax and real
government debt from their respective steady states, while d,.; 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
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run percentage increase of unconstrained households, constrained households and
entrepreneurial consumption is almost identical. Furthermore, the long run decline
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

ét = pGét—l +eg (97)

where eq ;denotes 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 mcy,
which serves a proxy for the output gap

ﬁtR = (1 —dgs) (1 - pr) [¢wﬁt + 1y (fn\ct)] + IOR/Rt—l +ery (98)

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

13.3 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 6) or indirectly calibrated by setting targets for the
steady state values of some variables (see Table 5). I set the share of unconstrained
households 1 —w to 75%, in line with the Euro Area estimates of Coenen and Straub
(2005). Regarding household preferences over consumption, I assume log utility
(cg = 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 n of 2. I consider three specifications for preferences over wealth,
namely no preferences over wealth (§ = 1), linear preferences over wealth (o5 = 0)
with 8 = 0.96, and finally the case of § = 0.96 and curvature of the utility from
wealth ofop = 0.5, where the procedure again follows Kumbhof et al. (2014). Details
of the partial equilibrium calibration exercise are provided in appendix 8. 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 x¢ and the survival probability of entrepreneursy equal to the Euro Area
estimates of Gelain (2010). Given the choices of x¢, I set the degree of idiosyncratic
uncertainty o, the bankruptcy cost parameter p 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
the respective value of 6, I calibrated the household discount factor 5, 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.
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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 5: Values of steady state targets and empirical counterparts,/ sources

’ Variable ‘ Model ‘ AWM database or other source
& APR 2.2 2.2
=5 22.7 22.3
o5 19.5 19.5
Ww Ot [ 500 52.6
X 2.1 As in Christiano et al. (2010) and Gelain (2010)
F (@) 0.0075 Gelain (2010)
MPS 0.5 MPS out of an increase in permanent income, estimates of Dynant et al. (2004) and Kumbhof 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.

Table 6: Medium scale model: calibrated Parameters

Parameter ‘ Name Value
X Elasticity of EFP w.r.t. leverage 0.038, in line with Gelain (2010)
Bankruptcy cost 0.1, in line with Gelain (2010)
Idiosyncratic uncertainty of capital return 0.25*
0 Survival probability of entrepreneurs 0.9797 as in Gelain (2010)
W, Labor tax borne by employee 0.24, as in Coenen et al. (2008)
W, Labor tax borne by employer 0.219, as in Coenen et al. (2008)
TC Consumption tax 0.183, as in Coenen et al. (2008)
TK Capital income tax 0.184, as in Coenen et al. (2008)
a Labor share 0.33, as in Coenen et al. (2008)
br Long run response to debt level 0.2
or Response to lagged tax rate 0.98
OH Intertemporal elasticity of substitution 1.0
h Degree of habit formation 0.6, as estimated by Havranek et al. (2015)
oB Curvature preferences over wealth 0/0.5, evidence on MPS of Dynant (2004) and Kumbhof et al. (2014)
0 BE 0.96, 1
§ Depreciation rate physical capital 0.03*
€p Goods market, elasticity of substitution 11*
ew Labor market, elasticity of substitution 4
Ur Interest feedback rule: Inflation response 2.0, as in Christoffel et al. (2008)
Py 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-
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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)).° These
assumptions are also implemented in the model when computing impulse response
functions to the two shocks.!® I set the standard deviations of the government spend-
ing and monetary policy shocks to their VAR estimates and collect the remaining
estimated parameters in the vector Q = {¢r, Ky, Kk, pgpr}, and choose Qin order to
minimize the criterion function

(- w (Q))'F—l (- w (@)

where ¥ and ¥ (Q)denote vectors stacking all VAR and model impulse response
functions (for a given value of 2) 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. ! I match the first 20 periods of each impulse response,
and estimate a model variant without preferences over wealth (§ = 1), with linear
preferences over wealth (6 = 0.96, o = 0) and with curvature in preferences over
wealth (6 = 0.96, op = 0.5).

As can be obtained from Figure 11, 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 7), although , Linde et al. (2016) and Brave et al. (2012) estimate wage

91 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.

08pecifically, 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
producers ignore the effect of the innovation on Tobin’s Q.

'Hence with the length of each IRF denoted as T, ¥ and ¥ (Q)each comprise n=7X(2T-1)
elements, while the dimension of F is nXn.
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Table 7: Medium scale model: Estimated Parameters

Estimation results for various versions of the model
Parameter name Parameter
=1 ‘0:0.96,03:0‘ 0=096,0p=1
Investment adjustment cost br 7.9 9.9 9.8
Price markup coefficient Kp 0.007 0.013 0.015
Wage markup coefficient Kw 0.001 0.0014 0.0016
Persistence gov. spending shock Py 0.90 0.90 0.90
Interest rate smoothing PR 0.73 0.76 0.77
Sd. gov. spending shock og 0.29 0.29 0.29
Sd. monetary policy shock OR % 0%7 0'4i

and price markup coefficients of a similarly small order of magnitude.'? They are
higher in the presence than in the absence of preferences over wealth (6 = 0.96),
although in absolute terms they are very close. The reason why price and wages
are estimated to be more flexible for # < 1 is that reducing 6 implicitly reduces [,
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
the response of inflation and nominal wages requires a bigger role for current economic
activity. By contrast, adding curvature (§ = 0.96,05 = 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.

2For 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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Figure 11: 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 12: 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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13.4 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 (98) as well as the fiscal rule (equation (96))
are switched off for 2 years by setting dp; = d,,; = 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 (0 = 0.96) but all other parameters as
estimated for & = 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 13, the effect of temporary contraction are similar
across the different values of 6. 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 8). These mechanisms are well documented by literature on fiscal policy
changes when monetary policy is constrained (e.g. Coenen et al. (2012)) Eggertsson
and Krugman (2012) Freedman et al. (2012), Carillo and Poilly (2013)). Lowering
0 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 13) 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 6 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.
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Figure 13: Temporary fiscal contraction in the medium scale model
GDP Private Consumption Investment

0 0 0

-1 M -1
] ek 05 *\S"* ; _

0 5 10 15 20 0 5 10 15 20 0 5 10
Governme Q ion Inflation Real Wage

15

-2 0 0 Mok = .
K W
N AR IH o

4 -0.5 -0.2
-6 -1 -0.4
0 5 10 15 20 0 5 10 15 20 0 5 10 15
Interest rate o Consumption, unconstrained 0 Consumption, credit constrained
KA HK
-1
\‘—’;'/ > 3 2
-0.5 -3
0 5 10 15 20 0 5 10 15 20 0 5 10 15
Real wealth of unconstrained households
0.15 1
0.1 0.5 P
W
. % ok ¢ =
0.05 0 K Rkt K
0 -0.5
0 5 10 15 20 0 5 10 15 20
’—9:1 6=0.96, aB:O, 6=1 estimates — ¥ - #=0.96, aB:O.S, 6=1 estimates — — #=0.96, aB:O —-—-0=0.96, aB:O.S

Note: The figure displays the effect of a contraction of government consumption of
1% of GDP lasting 8 quarters (7; = 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 8 for further details.

13.5 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 14 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 (6 = 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 8: Fiscal contraction in the medium scale model, cumulative multipliers

Baseline model
| T =8|Tg=40 | T =
0=1 2.0 0.6 1.0
0 =0.96,05 = 0, estimates for § = 1 1.8 1.6 1.5
0 = 0.96,0p = 0.5, estimates for § = 1 1.8 1.6 1.6
0 =0.96, op =0 1.9 1.6 1.6
0 =0.96, op =0.5 1.9 1.6 1.7
No credit constraints (w = pu = 0)
| T =8[Tg =40 | Tg =
f=1 1.2 0.3 0.6
0 = 0.96,0p = 0, estimates forf = 1 1.2 0.7 0.8
0 =0.96,0p = 0.5, estimates forf = 1 1.2 0.7 0.8
0 =0.96,0 =0 1.2 0.8 0.9
0 =0.96,05 =0.5 1.2 0.8 0.9

Note: The tables display the cumulative multiplier of increasing government spend-
ing for Tz quarters. In all scenarios, I assume that dpy = 1 for t = 1 : Dy in
equation (98), with D = 8, to proxy a zero lower bound duration of 8 quarters. The
> L GDP,
Sk Ciglp
are as displayed in Table 6. op is zero unless otherwise mentioned. The estimated
parameters are displayed in Table 7 unless otherwise mentioned. In the row labeled
“0 = 0.96, op = x, estimates for § = 1”7, I set § = 0.96 but use the parameters
estimated for # = 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.

cumulative multiplier is calculated as my = . The calibrated parameters
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of private consumption higher. With preferences over wealth (6 = 0.96), household
consumption increases much less than without (0 = 1).

In the presence of credit constrained households and firms, the effect of the fiscal
contraction increases (see Figure 15 and Table 8). The decline in employment di-
rectly 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 § = 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 # = 1. With preferences over wealth
(0 = 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 14: 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 = oo) in the model without credit constraints. See
the note below Table 8 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 15: 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 (T = o0). 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 8 for further details.

13.6 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; = 1 in equation (98) during this period. Furthermore, I
assume that starting in quarter seven, the Central Bank voluntarily fixes Rf at an
annualized value of 0.2% below its steady state and keeps it at this level for Dy
quarters, i.e. dry = 1 and ep; = %2% during quarters 7 to 6 + D;. 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 9: Peak GDP effect of forward guidance for varying duration of fixed interest
rate period

Baseline model
| Dy=6|D;=8|D;=10
=1 1.3 1.9 2.2
0 = 0.96,0p = 0, estimates forf = 1 0.8 1.0 1.2
0 = 0.96,0p = 0.5, estimates forf = 1 0.7 0.8 0.9
0=0.96,0 =0 1.0 1.4 1.7
0 =096, op=1 0.8 1.0 1.1

Note: This table reports the peak GDP effect of forward guidance policies of the indicated duration 7. In all cases,
I assume that:

® fort=1:6,dgr,; =1 in equation (98) ,
® for t =Tto7+ Dy, dr¢ =1 and ep,; = =222,

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 6. op
is zero unless otherwise mentioned. The estimated parameters are displayed in Table 7 unless otherwise mentioned.
In the row labeled “6 = 0.96, estimates forf = 17, I set § = 0.96 but use the parameters estimated for § = 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 Dy is less clear. I allow Dy to
vary between 6 quarters, which closely follows Del Negro et al.’s (2015) simulations,
and 10 quarters.

Figure 16 displays the effects of forward guidance for the Dy = 8 quarter case.
The forward guidance policy stimulates private investment and consumption by low-
ering the expected real interest rate, increasing the value of the collateral of en-
trepreneurs, future expected demand and the disposable income of constrained house-
holds. While the policy is a powerful tool for all values of 6, just as in the simple
model, the peak GDP response is lower with preferences over wealth (§ < 1). Reduc-
ing 6 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 pref-
erences over wealth, Table 9/ green dotted line and black solid line in Figure 16). The
expected decline in the future real interest rate has a smaller effect on unconstrained
household consumption, and thus employment, constrained households consumption
and investment. Once I use the parameters estimated for the § = 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 9/ green dotted line vs. red dashed line in Figure 16) .

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 (6 =
0.96,05 = 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 D; increases the peak GDP
effect in all model variants, but considerably less so with preferences over wealth
(see Table 9). 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 D; = 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 16: 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 (D; = 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 9 for
further details.
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