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Abstract
We calculate the magnitude of the government consumption multiplier in linearized and
nonlinear solutions of a New Keynesian model at the zero lower bound. Importantly, the model
is amended with real rigidities to simultaneously account for the macroeconomic evidence of a
low Phillips curve slope and the microeconomic evidence of frequent price changes. We show
that the nonlinear solution is associated with a much smaller multiplier than the linearized
solution in long-lived liquidity traps, and pin down the key features in the model which account
for the di¤erence. Our results caution against the common practice of using linearized models
to calculate …scal multipliers in long-lived liquidity traps.
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1. Introduction
The magnitude of the …scal spending multiplier is a classic subject in macroeconomics. To calculate
the magnitude of the multiplier, economists typically employ a linearized version of their actual
nonlinear model. Does linearizing the nonlinear model matter for the conclusions about the multiplier? We document this may be the case, especially in long-lived liquidity traps. When interest
rates are expected to be constrained by the zero (or e¤ective) lower bound for a protracted time
period, the nonlinear solution suggests a much smaller multiplier than the linearized solution of the
same model.
The …nancial crisis and “Great Recession” have revived interest in the magnitude of the …scal
spending multiplier. A quickly growing literature suggests that the …scal spending multiplier can
be very large when nominal interest rates are expected to be constrained by the zero (or e¤ective)
lower bound (ZLB henceforth) for a prolonged period, see e.g. Eggertsson (2010), Davig and Leeper
(2011), Christiano, Eichenbaum and Rebelo (2011), Woodford (2011), Coenen et al. (2012) and
Leeper, Traum and Walker (2015). Erceg and Lindé (2014) show that in a long-lived liquidity trap
…scal stimulus can be self-…nancing. Conversely, the results of the above literature suggest that it
is hard to reduce government debt in the short-run through aggressive government spending cuts
in long-lived liquidity traps: …scal consolidation can in fact be self-defeating in such a situation.
Importantly, the bulk of the existing literature analyzes …scal multipliers in models where all
equilibrium equation have been linearized around the steady state, except for the ZLB constraint
on the monetary policy rule. Implicit in the linearization procedure is the assumption that the
linearized solution is accurate even far away from the steady state. However, recent work by
Boneva, Braun, and Waki (2016) suggests that linearization produces severely misleading results
at the zero lower bound. Essentially, Boneva et al. argue that extrapolating decision rules far away
from the steady state is invalid.
Our paper provides a positive analysis of the e¤ect of spending-based …scal stimulus on output
and government debt using a fully nonlinear model. We compare the …scal spending multipliers for
output and government debt of the nonlinear and linearized solution as function of the liquidity
trap duration. Moreover, our framework allows us to pin down the key features which account
for the di¤erence between the multiplier schedule for the nonlinear and linearized solutions of the
model.
The New Keynesian model employed in our analysis features monopolistic competition and
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Calvo sticky prices. The central bank follows a Taylor rule subject to the ZLB constraint on the
nominal interest rate. The key di¤erence to existing work is that we introduce real rigidities into
the model using the Kimball (1995) aggregator. The Kimball aggregator aggregates intermediate
goods into a …nal good. The Kimball aggregator is commonly used in New Keynesian models,
see e.g. Smets and Wouters (2007), as it allows to simultaneously account for the macroeconomic
evidence of a low Phillips curve slope and the microeconomic evidence of frequent price changes.
The key …nding of our paper is that in a long-lived liquidity trap the fully nonlinear model
implies a much smaller …scal spending multiplier than the linearized version of the same model.
More precisely, when the ZLB binds for 12 quarters, the nonlinear model implies a multiplier
of about 0.7 while the linearized version of the same model implies a multiplier in excess of 2.1
Importantly, our analysis suggest that the nonlinear model is incapable of producing a multiplier
that is close to or exceeds unity when government spending follows a standard AR(1) process.
What accounts for the large di¤erence between the nonlinear and linearized solutions in a
prolonged liquidity trap? We document that the di¤erence can almost entirely be accounted for
by the nonlinearities in the price setting block of the model – the Phillips curve. Key here is the
nonlinearity implied by the Kimball aggregator. The Kimball aggregator implies that the demand
elasticity for intermediate goods is state-dependent, i.e. the …rms’demand elasticity is an increasing
function of its relative price. In short, the demand curve is quasi-kinked. While the fully nonlinear
model takes this state-dependency explicitly into account, a linear approximation replaces that
nonlinearity by a linear function. Put di¤erently, linearization replaces the quasi-kinked demand
curve with a linear function.2 Intuitively, in a deep recession that triggers the ZLB to bind for a
long time, the Kimball aggregator carries the implication that …rms do not …nd it attractive to cut
their prices much since that reduces the demand elasticity and thereby does not crowd in more
demand. With more …scal spending in such a situation, …rms also …nd it less attractive to increase
their prices. Thus – with policy rates stuck at zero – aggregate in‡ation increases only little and
therefore the real interest rate falls by little: the multiplier does not increase to the same extent
with the duration of the ZLB. When the model is linearized, the response of aggregate in‡ation is
notably stronger due to the nature of a linear approximation of a quasi-kinked demand curve at
the steady state with no dispersion. Hence, the drop in the real interest rate is elevated following
a spending hike and the multiplier is magni…ed. The bottom line: the linearized version of the
1

Note that both the linearized and nonlinar model imply a multiplier of 1/3 in normal times when monetary
policy is unconstrained.
2
It is well known that in a linearized model, the Kimball (1995) aggregator and Dixit-Stiglitz (1977) aggregator
– the latter featuring a constant demand elasticity – are observationally equivalent up to a factor of proportionality.
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model exaggerates the rise in expected and actual in‡ation due to a sizable approximation error
and thereby elevates the magnitude of the …scal multiplier in long-lived liquidity traps.
We perform several robustness checks. In particular, we compare our benchmark results based
on the Kimball (1995) aggregator to those when a Dixit-Stiglitz (1977) aggregator is used instead.
We also examine the importance of how the model economy is taken to the zero lower bound. In
addition we also study the e¤ects of the price indexation for the resulting multiplier. Moreover, we
investigate the sensitivity of our results with respect to the government spending process. Finally,
and perhaps most importantly, we compare the sensitivity of our results with respect to the solution
method of the nonlinear model. Our benchmark solution method is based on Fair and Taylor (1983).
That solution method solves the model by imposing certainty equivalence. As a robustness check,
we also solve the model using global methods, i.e. solving the model without certainty equivalence.
In other words, we compare the deterministic solution of the linear and nonlinear model with the
fully stochastic linear and nonlinear model solution in which agent’s decision rules are a¤ected by
the variance of shocks hitting the economy.3 Importantly, we document that the …scal multiplier
in the nonlinear model is little a¤ected by shock uncertainty. The nonlinearity of the Kimball
aggregator and the low slope of the Phillips curve based on macro- and micoeconomic evidence are
responsible for that result. By contrast, the linear model is a¤ected in a dramatic way by shock
uncertainty: the …scal multiplier is even more elevated due to the approximation error. Hence, our
basic …nding of an signi…cant di¤erence between the linearized and nonlinear solutions in long-lived
liquidity traps is even further strengthened when allowing for future shock uncertainty.
We argue that the results based on the Kimball speci…cation appears to dominate those based
on the Dixit-Stiglitz speci…cation for at least two reasons. First, in contrast to Dixit-Stiglitz,
the Kimball speci…cation does not produce a ‘missing de‡ation’ puzzle at the onset of the Great
Recession. In other words, in‡ation does not fall much in response to an adverse Great Recession
type shock. Second, the small rise in in‡ation expectations in response to …scal stimulus with
the Kimball speci…cation is consistent with evidence provided by Dupor and Li (2015). These
authors argue that expected in‡ation reacted little to spending shocks in the United States during
the Great Recession. By contrast, in‡ation expectations react much more under the Dixit-Stiglitz
speci…cation.
Our results have potentially important implications for the scope of …scal stimulus to be self…nancing, and the extent to which …scal consolidations can be self-defeating. In the nonlinear
3

In the stochastic economy, the probability of hitting the ZLB is 10 percent in each period.
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model, …scal stimulus is never a "free lunch" and conversely, …scal consolidations are never selfdefeating. The linearized model arrives at the opposite conclusions: …scal stimulus can be self…nancing in a su¢ ciently long-lived liquidity trap and …scal consolidations can be self-defeating.
These …ndings cast doubt on the existing literature on the …scal implications of …scal stimulus. It
should be noted, however, that we study a model environment in which the …scal output multiplier
is small in normal times (1/3 as mentioned earlier). Had we considered a medium-sized model with
Keynesian accelerator e¤ects in which the multiplier is in the mid-range of the empirical evidence
when monetary policy is unconstrained, the multiplier could be magni…ed su¢ ciently in a long-lived
liquidity trap to obtain a "…scal free lunch" for a transient spending hike.4 We elaborate more on
this in the conclusions.
Our paper is related to Boneva, Braun and Waki (2016), Christiano and Eichenbaum (2012),
Christiano, Eichenbaum and Johannsen (2016), Fernandez-Villaverde et al. (2015), Eggertsson and
Singh (2016) and Nakata (2015). Importantly, none of the above papers considers the case of a
Kimball (1995) aggregator. Boneva, Braun and Waki (2016) report that the multiplier is smaller
in a fully nonlinear model. Their model features a Dixit-Stiglitz aggregator. Eggertsson and Singh
(2016) report that the multipliers of the nonlinear and linearized model di¤er only very little. Their
model features a Dixit-Stiglitz aggregator and assumes …rms-speci…c labor markets, implying that
price dispersion is irrelevant for the nonlinear model dynamics. By contrast, our analysis shows how
important these assumptions are: moving to the frequently used Kimball aggregator and allowing
for price dispersion alters the conclusions about the multiplier substantially. Nakata (2015) and
Fernández-Villaverde et al. (2015) show that shock uncertainty may have potentially important
implications for the equilibrium dynamics of the model. As mentioned above, our robustness
analysis shows that allowing for shock uncertainty has a quantitatively small impact on our results
for the nonlinear model. Christiano and Eichenbaum (2012) and Christiano, Eichenbaum and
Johannsen (2016) analyze multiplicity of equilibria in a nonlinear New Keynesian model. They
document that there is a unique stable-under-learning rational expectations equilibrium in their
model and that all other equilibriums are not stable under learning.
The remainder of the paper is organized as follows. Section 2 presents the New Keynesian model
and Section 3 the results. Section 4 provides an in-depth robustness analysis. Section 5 discusses
potential implications of our work for future empirical work. Finally, section 6 concludes.
4

A large empirical literature has examined the e¤ects of government spending shocks, mainly focusing on the
post-WWII pre-…nancial crisis period when monetary policy had latitude to adjust interest rates. The bulk of this
research suggests a government spending multiplier in the range of 0.5 to somewhat above unity (1.5). See e.g. Hall
(2009), Ramey (2011), Blanchard, Erceg and Lindé (2016) and the references therein.
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2. New Keynesian Model
The model that we study is very similar to the one developed Erceg and Lindé (2014). We deviate
from Erceg and Lindé (2014) in so far as we allow for a Kimball (1995) aggregator which aggregates
intermediate goods into a …nal good. The speci…cation of the Kimball aggregator nests the standard
Dixit and Stiglitz (1977) speci…cation as a special case. Below, we outline the model environment.
All linearized and nonlinear equilibrium equations are available in the Appendix.5
2.1. Households
The utility functional for the representative household is
max

fCt ;Nt ;Bt g1
t=0

where the discount factor

E0

1
X

t

ln (Ct

C t)

t=0

satis…es 0 <

Nt1+
1+

!

(1)

< 1: As in Erceg and Lindé (2014), the utility function

depends on the household’s current consumption Ct in deviation from a “reference level”C
C denotes steady state consumption and

t

t

where

is an exogenous consumption preference shock.6 The

utility function also depends negatively on hours worked Nt :
The household’s budget constraint in period t states that its expenditure on goods and net
purchases of (zero-coupon) government bonds Bt must equal its disposable income:
Pt Ct + Bt = (1

N ) Wt Nt

+ (1 + it

1 ) Bt 1

Tt +

t

(2)

Thus, the household purchases the …nal consumption good at price Pt . The household is subject
to a constant distortionary labor income tax

N

and earns after-tax labor income (1

N ) Wt Nt .

The household pays lump-sum taxes net of transfers Tt and receives a proportional share of the
pro…ts

t

of all intermediate …rms.

Utility maximization yields the standard consumption Euler equation:
1 = Et
where 1 +

t+1

1 + it
Ct
1 + t+1 Ct+1

C
C

t

;

(3)

t+1

= Pt+1 =Pt .

We also have the following labor supply schedule:
Nt =

Wt
:
C t Pt

1
Ct

N

(4)

5
A technical appendix with all derivations is available here:
https://sites.google.com/site/mathiastrabandt/home/downloads/LindeTrabandt_Multiplier_TechApp.pdf
6
In the robustness section below we also examine the implications of a discount factor shock instead of the
consumption preference shock. The impulse responses of both shocks are virtually identical. We use the consumption
preference shock in our baseline speci…cation to remain as close as possible to Erceg and Lindé (2014).

5

Equations (3) and (4) are the key equations for the household side of the model.
2.2. Firms and Price Setting
Final Goods Production The single …nal output good Yt is produced using a continuum of di¤erentiated intermediate goods Yt (f ). Following Kimball (1995), the technology for transforming these
intermediate goods into the …nal output good is
Z

1

G

0

Yt (f )
Yt

df = 1:

(5)

As in Dotsey and King (2005) and Levin, Lopez-Salido and Yun (2007), we assume that G ( ) is
given by the following strictly concave and increasing function:
G
where ! =
parameter

(1+ )
.
1+

Yt (f )
Yt

Here

=

!
1+

(1 + ) YtY(ft )

1
!

!
1+

1

(6)

> 1 denotes the gross markup of the intermediate goods …rms. The

0 governs the degree of curvature of the intermediate …rm’s demand curve.7 In

Figure 1 we show how relative demand is a¤ected by the relative price under alternative assumptions
about

; given a value for the gross markup of

= 1:1. When

= 0, the demand curve exhibits

constant elasticity as under the standard Dixit-Stiglitz aggregator, implying a log-linear relationship
between relative demand and relative prices. When

< 0 – as in e.g. Smets and Wouters (2007)

–a …rm instead faces a quasi-kinked demand curve, implying that a drop in its relative price only
stimulates a small increase in demand. On the other hand, a rise in its relative price generates a
larger fall in demand compared to the

= 0 case. Relative to the standard Dixit-Stiglitz aggregator,

this introduces more strategic complementarity in price setting which causes intermediate …rms to
adjust prices by less to a given change in marginal cost. Finally, we notice that G(1) = 1, implying
constant returns to scale when all intermediate …rms produce the same amount.
Firms that produce the …nal output good are perfectly competitive in product and factor markets. Thus, …nal goods producers minimize the cost of producing a given quantity of the output
index Yt , taking as given the price Pt (f ) of each intermediate good Yt (f ). Moreover, …nal goods
producers sell units of the …nal output good at a price Pt , and hence solve the following pro…t
maximization problem:
max Pt Yt

Yt ;Yt (f )

Z

1

Pt (f ) Yt (f ) df

(7)

0

7
The parameter used in Smets and Wouters (2007) to characterize the curvature of the Kimball aggregator can
be mapped to our model using the following formula: =
:
1
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subject to the constraint (5). The …rst order conditions can be written as
Yt (f )
Yt

Pt

t

t

where

t

=

1
1+

=

Z

Pt (f ) 1
Pt
t

Pt (f )

= 1+

(1+ )

+

;

(8)

1
1+

1+
1

Z

1

df

;

Pt (f )
Pt df;

denotes the Lagrange multiplier on the aggregator constraint (6). Note that for

follows that

t

= 0 it

= 1 8t and the …rst-order conditions in (8) simplify to the usual Dixit and Stiglitz

(1977) expressions
Yt (f )
=
Yt

Pt (f )
Pt

1

; Pt =

Z

Pt (f ) 1

1

1

df

Intermediate Goods Production A continuum of intermediate goods Yt (f ) for f 2 [0; 1] is produced
by monopolistically competitive …rms, each of which produces a single di¤erentiated good. Each
intermediate goods producer faces a demand schedule from the …nal goods …rms through the solution to the problem in eq. (7) that varies inversely with its output price Pt (f ) and directly with
aggregate demand Yt :
Aggregate capital K is assumed to be …xed, so that aggregate production of the intermediate
good …rm is given by
Yt (f ) = K (f ) Nt (f )1 :
(9)
R
Despite the …xed aggregate stock K
K (f ) df , fractions of the aggregate capital shock can be

freely allocated across the f …rms, implying that real marginal cost, M Ct (f )=Pt is identical across
…rms and equal to

where Nt =

R

M Ct
Pt

Wt =Pt
=
M P Lt
(1

Wt =Pt
) K Nt

(10)

Nt (f ) df .

The prices of the intermediate goods are determined by Calvo (1983) style staggered nominal
contracts. In each period, each …rm f faces a constant probability, 1

, of being able to re-optimize

its price Pt (f ). The probability that a …rm receives a signal to reset its price is assumed to be
independent of the time that it last reset its price. If a …rm is not allowed to optimize its price in
a given period, it adjusts its price as follows
P~t = (1 + ) Pt
where

1;

(11)

is the steady state (net) in‡ation rate and P~t is the updated price. In the robustness

section we examine the implications of not allowing for price indexation.
7

Given Calvo-style pricing frictions, …rm f that is allowed to re-optimize its price, Ptopt (f ), solves
the following problem
max Et

Ptopt (f )

where

t;t+j

1
X

)j

(

(1 + )j Ptopt (f )

t;t+j

M Ct+j Yt+j (f )

j=0

is the stochastic discount factor (the conditional value of future pro…ts in utility units,

recalling that the household is the owner of the …rms), and demand Yt+j (f ) from the …nal goods
…rms is given by the equations in (8).
2.3. Monetary and Fiscal Policies
The evolution of nominal government debt is determined by the government budget constraint
Bt = (1 + it

1 ) Bt 1

+ Pt Gt

N Wt Nt

Tt

(12)

where Gt denotes real government expenditures on the …nal good Yt . Following Erceg and Lindé
(2014) we assume that net lump-sum taxes as share of nominal steady state GDP,
Bt
Pt Y

stabilize government debt as share of nominal steady state GDP, bt
= ' (bt

t

Here

and b denote the steady states of

t

Tt
Pt Y

,

:

b) :

1

t

(13)

and bt : Finally, real government consumption, Gt , is

assumed to be exogenous.
Turning to the central bank, we assume that it sets the nominal interest rate by using the
following Taylor rule that is subject to the zero lower bound:
1+
1+

1 + it = max 1; (1 + i)

Yt

t

Ytpot

! x!

(14)

where Ytpot denotes the level of output that would prevail if prices were ‡exible, and i the steadystate net nominal interest rate, which is given by r +

where r

1=

1.

2.4. Aggregate Resources
It is straightfoward to show that aggregate output Yt is given by
Yt = (pt )
where
pt

Z

0

1
1
1+

1

K Nt1

Pt (f ) 1
Pt
t

8

1

(1+ )

(15)

+

df:

The variable pt

1 denotes the Yun (1996) aggregate price distortion term.

Aggregate output can be used for private consumption and government consumption so that:
Ct + Gt = (pt )

1

K Nt 1

:

(16)

The price distortion term introduces a wedge between the use of production inputs and the output
that is available for private and government consumption. Note, however, that pt vanishes when
the model is linearized.
2.5. Parameterization
Our benchmark calibration

essentially adopted from Erceg and Lindé (2014)

at a quarterly frequency. We set the discount factor
rate

is fairly standard

= 0:995; and the steady state net in‡ation

= 0:005 which implies a steady state nominal interest rate i = 0:01 (i.e., four percent at an

annualized rate).8 We set the capital share parameter
supply

1

= 0:3 and the Frisch elasticity of labor

= 0:4: We set the steady state value for the consumption preference shock

= 0:01:9

Three parameters determine the direct sensitivity of prices to marginal costs: the gross markup
, the stickiness parameter

and the Kimball parameter

. We have direct evidence on two of

these – and . A large body of microeconomic evidence, see e.g. Nakamura and Steinsson (2008),
Klenow and Malin (2010) and the references therein, suggest that …rms change their prices rather
frequently, on average somewhat more often than once a year. Based on this micro evidence, we
set

= 0:667, implying an average price contract duration of 3 quarters. We set the gross markup

= 1:1 as a compromise between the low estimate of

in Altig et al. (2011) and the higher

estimated value by Smets and Wouters (2007). To pin down the Kimball parameter

consider the

log-linearized New Keynesian Phillips Curve in our model:
m
d
ct ;

^ t = Et ^ t+1 +

(17)

where m
d
ct denotes the log-deviation of marginal cost from its steady state. ^ t denotes the logdeviation of gross in‡ation from its steady state. The parameter

denotes the slope of the Phillips

curve and is given by:
(1

)(1

)

1
1

8

:

(18)

We rule out steady state multiplicity by restricting our attention to the steady state with a positive in‡ation

rate.
9

By setting the steady value of the consumption taste shock to a small value, we ensure that the dynamics for
the other shocks are roughly invariant to the presence of C t in the period consumption utility function.

9

The macroeconomic evidence suggest that the sensitivity of aggregate in‡ation to variations in
marginal cost is very low, see e.g. Altig et al. (2011). To capture this, we set the Kimball
parameter

=

12:2 so that the slope of the Phillips curve is

= 0:012 given the values for

,

discussed above.10 This calibration allows us to match micro- and macroevidence about

and

…rms’price setting behavior and is aimed to capture the resilience of core in‡ation, and measures
of expected in‡ation, to a deep downturns such as the Great Recession.
Consistent with the pre-crisis U.S. federal debt level, we assume a government debt to annualized
output ratio of 0:6. We assume that government consumption accounts for 20 percent of GDP:
Further, we set net lump-sum taxes
state labor income tax

N

= 0 in steady state. The above assumptions imply a steady

= 0:33. The parameter ' in the tax rule (13) is set equal to 0:0101, which

implies that the contribution of lump-sum taxes to the response of government debt is negligible in
the …rst couple of years following a shock. For monetary policy, we use the standard Taylor (1993)
rule parameters

= 1:5 and

x

= 0:125.

In order to facilitate comparison between the nonlinear and linearized model, we specify processes
for the exogenous shocks such that there is no loss in precision due to an approximation. In particular, the consumption preference and government spending shocks are assumed to follow AR(1)
processes:
Gt
t

where "G;t and "
=

G

;t

G =
=

G (Gt 1

(

t 1

G) + "G;t
)+"

;t

(19)

are normally distributed iid shocks. In our baseline parameterization we assume

= 0:95. We also investigate the sensitivity of our results when we assume moving average

processes instead of autoregressive processes. Those results are reported in Appendix A.
2.6. Model Solution
Our benchmark results are based on the solution of the linearized and nonlinear model using the
solution method developed in Fair and Taylor (1983). For robustness, we also compute the solution
of the linearized and nonlinear model using the global solution method developed by Judd (1988)
and (Coleman, 1990, 1991) which allows shock uncertainty to a¤ect the decision rules of households
and …rms.11
10

The median estimates of the Phillips Curve slope in recent empirical studies by e.g. Adolfson et al. (2005), Altig
et al. (2011), Galí and Gertler (1999), Galí, Gertler and López-Salido (2001), Lindé (2005), and Smets and Wouters
(2003; 2007) are in the range of 0:009 :014:
11
The replication codes are available here:
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2.6.1. Benchmark Solution Method: Fair and Taylor (1983)
The Fair and Taylor (1983) method solves the linearized and nonlinear equilibrium equations –
including kinks such as the ZLB – by solving a two-point boundary value problem. The Fair and
Taylor (1983) method is often referred to as ‘extended path’, ‘deterministic simulation’or ‘perfect
foresight solution’. To solve a model, the method assumes that after a shock the model economy
converges back to its steady state in a …nite number of periods. In addition, the solution method
assumes certainty equivalence. That is, the variance of shocks does not a¤ect the decision rules
of households and …rms. By imposing certainty equivalence on both the linearized and nonlinear
model, the Fair and Taylor (1993) solution method allows us to trace out implications of using nonlinear equilibrium equations instead of linearized equilibrium equations for the resulting multiplier.
We check the robustness of our results by also using a global solution method which allows shock
uncertainty to explicitly a¤ect the model solution. However, our benchmark results are based on
Fair and Taylor (1983) for the following three reasons.
First, because much of the existing literature has often used a perfect foresight approach that
imposes certainty equivalence to solve a model, retaining this approach allows us to parse out the
e¤ects of going from a linearized to a nonlinear model framework. Second, the high degree of real
rigidities we introduce in order to …t the micro- and macroeconomic evidence implies that expected
in‡ation adjusts slowly, which in turn means that the impact of future shock uncertainty is modest.
As shown below, allowing for shock uncertainty does not a¤ect the solution of the nonlinear model
noticeably. By contrast, allowing for shock uncertainty in the linearized model a¤ects the model
solution a lot implying even bigger di¤erences between the linearized and nonlinear model for the
resulting multiplier. Third, the Fair and Taylor (1983) method allows us to solve the nonlinear
model in fractions of a second while the nonlinear model solution with shock uncertainty takes
several hours to calculate. Moreover, the Fair and Taylor (1983) method also allows to calculate the
solution of larger scale models with many state variables very fast. So far, the solution algorithms
used to solve models with shock uncertainty have typically not been applied to models with more
than 4-5 state variables.12
We use Dynare to solve the nonlinear and linearized model equations that are provided in the
Appendix A. Dynare is a pre-processor and a collection of MATLAB routines which can solve linear
and nonlinear models with occasionally binding constraints. The details about the implementation
https://sites.google.com/site/mathiastrabandt/home/downloads/LindeTrabandt_Multiplier_Codes.zip
A recent paper by Judd, Maliar and Maliar (2011) provides a promising avenue to compute the stochastic
solution of larger scale models e¢ ciently.
12
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of the algorithm used can be found in Juillard (1996). The perfect foresight simulation algorithm
implemented in Dynare is Fair and Taylor (1983). To solve a model using it, one just has to use
the ‘simul’ command. The algorithm can easily handle the ZLB constraint: one just writes the
Taylor rule including the max operator in the model equations, and the solution algorithm reliably
calculates the model solution in fractions of a second. Thus, except for perhaps obtaining intuition
about the economics embedded into models, there is no need anymore to linearize models to solve
and simulate them.
For the linearized model, we used the algorithm outlined in Hebden, Lindé and Svensson (2011)
to check for uniqueness of the local equilibrium associated with a positive steady state in‡ation
rate and to impose the ZLB.13 We did not …nd evidence of multiplicity of the local equilibrium in
the nonlinear model.
As noted earlier, we rule the well-known problems associated with steady state multiplicity
emphasized by Benhabib, Schmitt-Grohe and Uribe (2001) by restricting our attention to the
steady state with a positive in‡ation rate. Our choice of focusing on the positive in‡ation steady
state is in part motivated by recent work by Christiano, Eichenbaum and Johannsen (2016) who
…nd that alternative solutions in the New Keynesian model may not be economically relevant, i.e.
these solutions are not stable under learning.
2.6.2. Alternative Solution Method: Global Solution
For robustness, we also solve the linearized and nonlinear model using the global solution method
developed by Coleman (1990, 1991). This solution method is based on a time iteration method on
the decision rules of households and …rms. With this method, the variance of shocks a¤ects the
decision rules of households and …rms. The time iteration method has been used recently by e.g.
Nakata (2016) and Richter and Throckmorton (2017).
A growing body of work such as e.g. Adam and Billi (2006, 2007) within a linearized model
framework and Fernández-Villaverde et al. (2015), Gust, Herbst, López-Salido and Smith (2016),
Nakata (2016) and Richter and Throckmorton (2017) within a nonlinear model framework have
studied the e¤ects of allowing for shock uncertainty for the decision rules of households and …rms in
New Keynesian models. These authors have shown that allowing for shock uncertainty can potentially have important implications for equilibrium dynamics, especially when in‡ation expectations
13
When the local equilibrium is unique, this algorithm is equivalent to the OccBin algorithm developed by Iacoviello
and Guerrieri (2015) for use with Dynare.

12

are not well anchored due to non-optimal monetary policy or when aggregate prices adjust slowly.
As we will show below, however, the solution of our nonlinear model is nearly una¤ected by the
presence of substantial shock uncertainty due to the Kimball (1995) aggregator and an empirically
realistic low slope of the Phillips curve.

3. Results
In this section, we report our benchmark results. Our aim is to compare spending multipliers in
linearized and nonlinear versions of the model economy. Speci…cally, we seek to characterize how the
di¤erence between the multiplier in the linearized and nonlinear solutions varies with the expected
duration of the liquidity trap. We start by reporting how we construct a baseline in which the
model economy is driven to the zero lower bound and then report the …scal multipliers.
3.1. Construction of Baseline
To construct a baseline where the nominal interest rate is bounded at zero for a number of periods –
say ZLBDU R = 1; 2; 3; :::; M –we follow the …scal multiplier literature (e.g. Christiano, Eichenbaum
and Rebelo, 2011) and assume that the economy is hit by a large adverse shock that triggers a
deep recession and drives the nominal interest rate to zero. The longer the expected liquidity trap
duration, i.e. the larger value of ZLBDU R , we want to consider, the larger the adverse shock has to
be. The particular shock we consider is a negative realization of the consumption preference shock
t

discussed above.14
As an example, Figure 2 shows the baseline generated by the adverse consumption prefer-

ence shock in the linearized and nonlinear model when the ZLB is binding for eight quarters, i.e.
ZLBDU R = 8. The solid black lines depict the baseline in the linearized model, the dotted red lines
depict the baseline in the nonlinear model. The economy is in steady state in period 0, and then
the shock hits the economy in period 1. As shown in Figure 2, we need to subject the nonlinear
model to a more negative consumption preference shock
6

as shown by the dotted red line in panel

to generate ZLBDU R = 8 for the nominal interest rate shown in panel 3.15
Figure 2 provides an important insight about di¤erences between the linearized and nonlinear

solutions. To generate an eight quarter liquidity trap in the nonlinear model, the potential real rate
14
In the robustness section below we show that the type of shock that we use to generate the baseline is immaterial
for our results. For example, we show that if the baseline is generated by a discount factor shock instead of a
consumption demand shock, the resulting …scal multipliers are nearly una¤ected.
15
Figure 2 also depicts a third line (“Nonlinear model with linearized NKPC and Resource Constraint”), which
we will discuss further in Section 3.2.
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(panel 5) has to drop much more than in the linearized model. Accordingly, the output gap (panel
1) is much more negative in the nonlinar model. Even so, and perhaps most important, we see
that the drop in in‡ation (panel 2) is substantially smaller in the nonlinear model. This suggests
that the di¤erence between the linearized and nonlinear model is driven to a large extent by the
nonlinearities embedded in the pricing setting equations.
Interestingly, the linearized model predicts a protracted period of de‡ation in response to the
Great Recession type shock. In the data, however, a long period of deep de‡ation after the onset
of the Great Recession was not observed. This observation is commonly referred to as the ‘missing
de‡ation’puzzle, i.e. actual in‡ation did not fall nearly as much as predicted by the linearized New
Keynesian model. By contrast, the nonlinear model based on the Kimball speci…cation does not
appear to produce the ‘missing de‡ation’puzzle. In‡ation in the nonlinear model falls by much less
and turns negative for a very brief period only before recovering relative to the linearized model.
Based on these results we argue that the ‘missing de‡ation’ puzzle is not a puzzle: it arises due
to an approximation error when one extrapolates the predictions of a linearized model to very
large shocks. The underlying true nonlinear model predicts that macroeconomists should not have
expected a long period of deep de‡ation to occur in the aftermath of the Great Recession.
Given the above discussion, we seek to compare …scal multipliers in liquidity traps of same
expected duration in both the linearized and nonlinear model. Accordingly, we allow for di¤erently
sized shocks so that each model variant generates a liquidity trap with the same expected duration
ZLBDU R = 1; 2; 3; :::; M .
Let

n
oM
B linear "linear
;i

i=1

and

n
oM
B nonlinear "nonlinear
;i

i=1

denote matrices of time series with simulated variables of the linearized and nonlinear models where
i indexes the set of time series for a given ZLB duration:The notation re‡ects that the innovations,
" ;i , to the consumption preference shock shock

t,

in eq. (19) are set so that

"linearized
) ZLBDU R = i;
;i
and
"nonlinear
) ZLBDU R = i;
;i
where we consider i = 1; 2; :::; M: In the speci…c case of i = 8; panel 6 in Figure 2 shows that
"linear
=
;8

:17 and "nonlin
=
;8

:41.
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3.2. Marginal Fiscal Multipliers
Conditional on the set of baseline scenarios that we have constructed above, we add an increase of
government spending gt in the period when the ZLB starts to bind.
Let

n
oM
S linear "linear
;
"
G
;i

i=1

and

n
oM
S nonlin "nonlin
;
"
G
;i

i=1

denote matrices of time series with simulated variables of the linearized and nonlinear models where
i indexes the set of time series for a given ZLB duration and "G denotes the positive government
spending shock that hits the economy when the ZLB starts to bind.
We then compute the marginal impact of the …scal spending shock as
; "G
I linear (ZLBDU R ) = S linear "linear
;i

B linear "linear
;i

and
; "G
I nonlinear (ZLBDU R ) = S nonlinear "nonlinear
;i

B nonlinear "nonlinear
;i

where we write I linear (ZLBDU R ) and Iinonlinear (ZLBDU R ) to highlight their dependence on the
liquidity trap duration. Notice that the …scal spending shock is the same for all i and is scaled such
that ZLBDU R is the same as in the baseline. By setting the …scal impulse so that the liquidity trap
duration remains una¤ected we calculate “marginal” spending multipliers in the sense that they
show the impact of a small change in the …scal instrument.16
Figure 3 contains the main results of the paper. The upper panels report results for the benchmark calibration with the Kimball aggregator. The lower panels report results under the DixitStiglitz aggregator, in which case

= 0. This parametrization implies a substantially higher slope

of the linearized Phillips curve (see eq. 18) and thus a much stronger sensitivity of expected in‡ation to current and expected future marginal costs (and output gaps). We will …rst discuss the
results under the Kimball parameterization, and then turn to the Dixit-Stiglitz results.
The left panels of Figure 3 report the impact GDP multiplier of government spending, i.e.
mi =
where the

Yt;i
Gt;i

-operator represents the di¤erence between the scenario with the government spending

change and the baseline without the spending change. We compute mi for ZLBDU R = 1; :::; 12. We
also compute results for the case when the economy is at the steady state, so that ZLBDU R = 0.
16

See Erceg and Linde (2014) for a discussion of the di¤erences between the marginal and average …scal multiplier.
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The top left panel in Figure 3 reports that if the economy is close to or at the steady state
(e.g. the ZLB is not binding, ZLBDU R = 0), the linearized and nonlinear multipliers coincide.
In other words, the linear approximation is accurate if the economy is close to or at the steady
state. By contrast, if the economy if far away from its steady state, i.e. the economy is in a deep
recession and experiences a long-lived liquidity trap, the di¤erences between the linearized and
nonlinear multipliers become large. For example, in a three-year liquidity trap, the multiplier in
the nonlinear model is about 0.65 whereas the multiplier is about 2.1 in the linearized model. So, in
a three-year liquidity trap, the multiplier of the linearized solution is more than three times larger
(2:1=0:65). The di¤erence in terms of the response of government debt after the …scal stimulus,
depicted in the upper right panel, largely follows the pattern for mi : the di¤erence between the
linearized and nonlinear model increases with the duration of the ZLB.17
The substantial di¤erences in the GDP multiplier and government debt responses between the
linearized and nonlinear solutions raises the question which factors account for them. The middle
top panel, which shows the response of the one-period ahead expected annualized in‡ation rate
(i.e., 4 Et

t+1 ),

sheds light on the driving forces behind the di¤erences in the GDP multiplier and

government debt. The increasing sensitivity of expected in‡ation as function of the liquidity trap
duration in the linearized solution is consistent with the existing literature on …scal multipliers at
the ZLB (e.g. Erceg and Lindé, 2014). In the nonlinear solution, expected in‡ation rises much less
in a long-lived trap. This happens as the adverse baseline shock generating the liquidity trap causes
the price dispersion to rise, which implies that many …rms perceive that their demand elasticity is
much higher than in normal times (close to the steady state). As a consequence, they are reluctant
to change prices much (if at all) in response to impulses in marginal costs. In terms of Figure
1, many …rms move to the upper left quadrant.18 The sharp increase in expected in‡ation in the
linearized model triggers a larger reduction in the actual real interest rate (not shown), and thereby
induces a more favorable response of private consumption which helps to boost output relative to
the nonlinear model.19
Let’s turn to the Dixit-Stiglitz case, i.e. setting

= 0 and keeping all other parameters

unchanged. The bottom panels of Figure 3 show that the di¤erences between the linearized and
17

For ease of interpretability, we have normalized the response of debt and in‡ation so that they correspond to a
initial change in government spending as share of steady state output by one percent.
18
Notice that this means that in‡ation and output behaves asymmetrically in expansions and recessions under
the Kimball aggregator. Recessions are associated with relatively modest declines in in‡ation but booms can be
associated with large upward swings in in‡ation.
19
The small rise in in‡ation expectations in response to …scal stimulus with the nonlinear model speci…cation is
consistent with the evidence provided by Dupor and Li (2015). These authors argue that expected in‡ation reacted
little to spending shocks in the United States during the Great Recession.

16

nonlinear model are even more pronounced in this case.20 The larger di¤erences in the Dixit-Stiglitz
case are driven by a substantially higher slope of the New Keynesian Phillips curve (equation (17))
when setting

= 0 and keeping all other parameters unchanged. In other words, expected in‡ation

reacts even more in response to …scal stimulus which implies an even larger …scal multiplier in longlived liquidity traps. Taken together, the results in Figure 3 suggest that the …ndings reported in
the previous literature –which mostly relied on using linearized models –might be biased upward
from the perspective of the underlying nonlinear model.
3.2.1. Accounting for the Di¤erences
Given the results described above the following key questions arise: why are the GDP multipliers
so di¤erent and why does expected in‡ation respond so much more in the linearized solution, and
particularly so in the Dixit-Stiglitz case? To shed light on these questions we simulate and report
two additional variants of the nonlinear model. In the …rst, we linearize the pricing equations of the
model, i.e. replace all nonlinear pricing equations with the standard linearized Phillips curve. In
the second, we linearize all nonlinear pricing equations and the aggregate resource constraint such
that the price distortion term disappears from the model. (16). Following the approach outlined in
Section 3.1, we construct baseline scenarios for the two additional variants of the nonlinear model
for ZLBDU R = 1; :::; 12.
The blue dash-dotted line in Figure 2 depicts the eight quarter liquidity trap baseline in the
variant with linearized pricing equations and resource constraint, i.e. the second additional variant
described above. Clearly, the simulated paths of the variables in this variant of the model are very
similar to those in the completely linearized solution. Therefore, the nonlinearities of the price
setting block appear to account for virtually all di¤erences between the nonlinear and linearized
model. Intuitively, in response to the adverse shock, …rms perceive their demand elasticity to be
high in the nonlinear model with the Kimball aggregator. Therefore, …rms are reluctant to change
prices much in response to changes in relative demand. In terms of Figure 1, many …rms are located
in the upper left quadrant after the adverse shock hits the model economy.
Figure 4 examines the implications of partially linearizing the nonlinear model with respect
to the …scal multipliers. The blue dashed-dotted lines – referred to as “Linearized Resource Constraint and New Keynesian Phillips Curve (NKPC)” –are very similar to those obtained with the
20
We only show results up to 8 quarters with the Dixit-Stiglitz aggregator to be able to show the di¤erences more
clearly in the graph.
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completely linearized model, both under Kimball and Dixit-Stiglitz aggregators. Hence, and in line
with the results in Figure 2, we draw the conclusion that it is the linearization of the resource constraint and the Phillips curve (17) which account for the bulk of the di¤erences in …scal multipliers
in the linear and nonlinear models in a long-lived liquidity trap.
Interestingly, as shown by the green dashed-dotted line in the top panels of Figure 4, it is almost
su¢ cient to just linearize the NKPC to account for most of the di¤erences in terms of the …scal
multipliers between the linearized and nonlinear solution with the Kimball aggregator. Therefore,
the nonlinearities implied by the price dispersion term do not matter much quantitatively for the
Kimball aggregator speci…cation of the nonlinear model.
On the other hand, the bottom panels in Figure 4 show that linearization of the New Keynesian
Phillips curve alone is not su¢ cient to explain the large discrepancies between the linearized and
nonlinear model when the Dixit-Stiglitz aggregator is used. Put di¤erently, with the Dixit-Stiglitz
aggregator the tables are turned: the nonlinearities in the price dispersion term account for most
of the di¤erences between the linearized and nonlinear models while the nonlinearities of the price
setting block are of second order importance. The driving force behind the di¤erences between the
Kimball and the Dixit-Stiglitz aggregators is that the price distortion variable moves much more
for the latter speci…cation. Re‡ecting the insights from Figure 1, re-optimizing …rms will adjust
their prices much more under Dixit-Stiglitz compared to Kimball for a given value of . So in a
model with Dixit-Stiglitz aggregation …rms adjust prices a lot when they re-optimize so that the
bulk of the di¤erence between the linearized and nonlinear model is driven by movements in the
price distortion term. By contrast, …rms adjust prices only little in response to shocks with the
Kimball aggregator speci…cation so that the price distortion term is much less important.
3.2.2. Relation to Existing Work
Our results are very helpful to understand the di¤erences between the results reported in Boneva,
Braun and Waki (2016) and Eggertsson and Singh (2016). The former authors argue that it is
key to account for the price distortion term as the main di¤erence between the linearized and
nonlinar solutions. Our results are in line with their …nding given that Boneva, Braun and Waki
(2016) consider a model framework that incorporates the Dixit-Stiglitz aggregator. In terms of
the magnitude of the multiplier it is important to note that we report lower multipliers in our
nonlinear solution (the red dotted line in Figure 4) than Boneva, Braun and Waki (2016) for the
same degree of price adjustment. The reason for our lower multipliers is due to our government
18

spending process which is assumed to be a fairly persistent AR(1) process. As an alternative to our
benchmark speci…cation we follow Boneva, Braun and Waki (2016) and assume that government
spending follows a moving average (MA) process and is increased only when the nominal policy
rate is constrained by the ZLB. With this speci…cation we obtain a marginal multiplier of unity
in both the linearized and nonlinear model already in a one-quarter liquidity trap.21 More details
about the results based on the MA process are provided in Section 4.2.5. There we show that the
important di¤erences between the linearized and nonlinear model hold up for longer-lived liquidity
traps.
Our results can also be used to understand the results reported by Eggertsson and Singh (2016).
These authors consider a model with a Dixit-Stiglitz aggregator and assume …rm-speci…c labor
which implies that the price distortion term does not a¤ect equilibrium allocations. Their model
speci…cation implies that they are e¤ectively working with a nonlinear variant of our model without
the price distortion, i.e. the blue dashed-dotted line in the bottom part of Figure 4. The results
reported in the bottom part of Figure 4 indeed indicate that the linearized solution is very similar
to the nonlinear solution when the price-dispersion term is kept constant. Thus, our results con…rm
the conclusions by Eggertsson and Singh (2016) for this variation of the New Keynesian model.22
However, our analysis also makes clear that their …ndings do not necessarily extend to alternative
model environments, for example the variation of the New Keynesian model considered by Boneva,
Braun and Waki (2016).

4. Robustness
In this section, we examine the robustness of the results. We focus on the sensitivity of our results
when solving the model with global methods to allow future shock uncertainty to a¤ect the decision
rules of households and …rms. We also summarize the results of further robustness checks including
the e¤ects of other shocks, the sensitivity of our results with respect to the baseline shock, the
aggregator speci…cation (Kimball vs. Dixit-Stiglitz), price indexation and the exogenous process
for government spending.
21

See Woodford (2011) for a proof of this result.
Strictly speaking, the Eggertsson and Singh (2016) model only omits the price distortion but retains the nonlinear
pricing equations. Our blue dashed-dotted line in the bottom part of Figure 4 linearizes the price setting block in
addition to removing the price distortion. However, the dashed green line shows that non-linearities in the price
setting block matter very little when a Dixit-Stiglitz aggregator is used.
22
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4.1. Global Solution Allowing for Shock Uncertainty
Jung, Teranishi and Watanbee (2005), Adam and Billi (2006, 2007), Fernández-Villaverde et al.
(2015), Gust, Herbst, López-Salido and Smith (2016), Nakata (2016), Richter and Throckmorton
(2016) and others have studied the solutions of the linearized and nonlinear New Keynesian model
focusing on the e¤ects of shock uncertainty on the decision rules of households and …rms. In this
subsection we show that our key …ndings hold up –and are even strengthened –when we allow for
substantial future shock uncertainty.
We solve the stochastic linearized and nonlinear models using the global solution method developed by Judd (1988) and (Coleman, 1990, 1991). This solution method is based on a time iteration
method on the decision rules of households and …rms. The variance of shocks can a¤ect the policy
functions. The time iteration method has been used recently by e.g. Nakata (2016) and Richter and
Throckmorton (2017).23 We solve the nonlinear and linearized model subject to stochastic shocks
to consumption preferences and government consumption. At the respective model solutions, the
stochastic nonlinear and stochastic linearied model economies observe a probability of hitting the
ZLB of 10 percent in each quarter. Details about the compution of the stochastic global solution
are provided in A.3.
Figure 5 provides the results when solving the model with shock uncertainty compared to the
deterministic solution. In the …gure, Panel A shows the impulse responses for GDP and annualized
in‡ation in the linearized model for the equivalent of a one percent of GDP hike in government
spending in an 8 quarter liquidity trap. In Panel B, we show the corresponding responses in
the nonlinear model. In analogy with how we compute the impule responses in the deterministic
solution, we compute the impulse responses under shock uncertainty by …rst generating a baseline
where we subject the model to a negative consumption preference shock which generates an expected
8-quarter liquidity trap under the assumption that no further consumption preference shocks are
realized during the transition back to the steady state. In the quarter in which the liquidity trap is
expected to last for 8 quarters, we add a small positive government spending shock and compute the
impulse responses in Figure 5 as the di¤erence between the simulation with government spending
and the simulation with consumption preference shocks only.24
23
We are grateful to Richter and Throckmorton (2017) for making their codes publicly available. Their codes
provided us with a useful starting point for solving our model.
24
Bodenstein, Hebden and Nunes (2012) use the same approach when computing impulse responses in their paper.
Although the assumption that no further shocks are realized on the transition path back to steady state is improbable,
this way of computing the impulses makes them directly comparable with how they are computed in the deterministic
solution. Importantly, the impulse responses still re‡ect the impact of future shock uncertainty via the e¤ect that
shock uncertainty has on the decision rules of households and …rms.
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The solid-black lines in panel A of Figure 5 correspond to the linearized model solved with
the Fair and Taylor (1983) method, i.e. the deterministic solution of the linearized model. The
impact of government consumption on GDP in period 1 is the same as the one depicted in the top
panel of Figure 3, i.e. the impact multiplier is 1.2 in an 8-quarter ZLB episode. The red-dashed
lines in panel A correspond to the case when the linearized model is solved subject to future shock
uncertainty. In this case, the impact multiplier increases to about 2.1. Evidently, shock uncertainty
elevates the multiplier substantially in the linearized model.
Panel B shows the comparison of the impulse responses in the deterministic vs. stochastic solution in the nonlinear model. The solid-black lines correspond to the deterministic solution of the
nonlinear model. As in Figure 3, the multiplier is about 0.6 for an 8-quarter liquidity trap. Interestingly, the nonlinear model is not much a¤ected by shock uncertainty. The multiplier increases
from 0.61 in the deterministic solution to 0.64 in the fully stochastic nonlinear model solution.
The solution of the nonlinear model is not much a¤ected due to the nonlinearities embedded in
the Kimball aggregator together with the low slope of the Phillips curve. Both features reduce
the incentive of …rms to change their prices in response to expectations of adverse shocks in the
future even when the economy is stuck in a long–lived liquidity trap. By contrast, the linearized
model incorrectly extrapolates the behavior of households and …rms such that in‡ation reacts much
stronger to shocks leading to an even higher multiplier than in the deterministic solution.
To sum up, our results indicate that the implications of uncertainty in the nonlinear model are
quantitatively negligible. By contrast, the the multiplier in the linearized model is greatly elevated
when shock uncertainty is allowed for in the solution of the model. Consequently, our conclusion of
an important di¤erence between the linearized and nonlinear solution in long-lived liquidity traps
holds up under shock uncertainty.
4.2. Additional Robustness Analysis
We perform a variety of additional robustness checks. Given space constraints, we summarize the
key takeaways from the additional robustness analysis here. Appendix A.4 –A.8 contains further
details.
4.2.1. E¤ects of Other Shocks
We examine the implications of the following four additional shocks for the linearized and nonlinar
model: discount factor shock, technology shock, markup shock and monetary policy shock. Two key
21

takeaways emerge from this analysis. First, for all shocks considered, there are substantial di¤erences between the linearized and nonlinear model. Second, in the linearized model, the responses of
variables to the government consumption shock, the consumption demand shock, the discount factor shock and the technology shock are observationally equivalent. In the nonlinear model the same
observation is arises, i.e. the responses of model variables are (nearly) observationally equivalent.
Appendix A.4 contains the details.
4.2.2. Choice of Baseline Shock
We study how our results are a¤ected when a discount factor shock or a technology shock is used
to generate the baseline in which the ZLB is binding for a desired number of quarters. For the
linearized model, the multiplier results are invariant with respect to the the choice of the baseline
shock (see Erceg and Lindé, 2014, for analytical proofs). That is, the multiplier is identical when
the baseline is generated either by a consumption preference shock or by a discount factor shock or
by a technology shock. For the nonlinear model we show that the multiplier schedules are nearly
invariant with respect to alternative baseline shocks. Appendix A.5 contains the details.
4.2.3. Kimball vs. Dixit-Stiglitz
In the linearized model, we show that the Kimball and Dixit-Stiglitz aggregators yield identical
multiplier schedules when the degree of price stickiness and the Kimball elasticity parameter are
parameterized such that the slope of the linearized New Keynesian Phillips curve ( in eq. 17) is
kept constant. So going from Kimball to Dixit-Stiglitz by making prices more sticky yields identical
multipliers in the linearized model. In the nonlinear model, the same conclusion is not true. There,
a reparameterization of the Dixit-Stiglitz version of the model with higher price stickiness does
not produce the same multipliers as under Kimball. This demonstrates that the modeling of price
frictions matters importantly within a nonlinear framework. Appendix A.6 contains the details.
4.2.4. Price Indexation
We examine the consequences of not allowing prices of non-optimizing …rms to be indexed to
the steady state rate of in‡ation. We show that our benchmark results are little a¤ected by the
indexation assumption. Appendix A.7 contains the details.
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4.2.5. Government Spending Process
Finally, we examine the implications of adopting a moving average (MA) process for government
spending at the ZLB instead of a general AR(1) process. We show that our benchmark results
hold up well for a MA process for government spending. If anything, an MA process magni…es the
di¤erences between the linearized and nonlinear model in terms of the multiplier. Appendix A.8
contains the details.

5. Empirical Implications
A key feature of the Great Recession in the United States and other advanced economies was a
large, sharp and persistent fall in GDP of nearly 10 percent relative to the pre-crisis trend. As
oil prices fell sharply in response to the recession, headline in‡ation slowed down substantially.
However, measures of core in‡ation –the relevant benchmark for standard macroeconomic models
without commodities –slowed down only by a modest amount of about 1 percentage point (see e.g.
Figure 8 in Christiano, Eichenbaum and Trabandt, 2015).
Estimated standard New Keynesian models which target to explain all variation in the data
using full information Bayesian likelihood methods have di¢ culties to account for the low elasticity
between output and in‡ation observed during the Great Recession.
One way to account for the moderate drop in in‡ation in the face of the large contraction in
GDP is to resort to large o¤setting e¤ects on in‡ation stemming from positive price markup shocks
(see e.g. Lindé, Smets and Wouters, 2016). Some researchers have emphasized that …nancial frictions may be responsible for the small elasticity between output and in‡ation witnessed during the
crisis. Christiano, Eichenbaum and Trabandt (2015) use a model to show that the observed fall
in total factor productivity and the rise in …rms’cost to borrow funds for working capital played
critical roles in accounting for the small drop in in‡ation that occurred during the Great Recession.
Gilchrist, Schoenle, Sim and Zakrajsek (2016) develop a model in which …rms face …nancial frictions when setting prices in an environment with customer markets. Financial distortions create an
incentive for …nancially constrained …rms to raise prices in response to adverse …nancial or demand
shocks in order to preserve internal liquidity and avoid accessing external …nance. While …nancially unconstrained …rms cut prices in response to these adverse shocks, the share of …nancially
constrained …rms is su¢ ciently large in their model to attenuate the fall in in‡ation in response
to ‡uctuations in GDP. Gilchrist, Schoenle, Sim and Zakrajsek (2016) examine a micro data set
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which supports the implications of their model.
The mechanism based on the nonlinear Kimball (1995) aggregator that we have identi…ed in
our paper o¤ers an alternative explanation for understanding the small elasticity of in‡ation and
output observed during the Great Recession. To examine the empirical potency of the mechanism
in a rigorous way, one would have to follow the work of Gust, Herbst, Lopez-Salido and Smith
(2016), Richter and Throckmorton (2016) and Kulish and Pagan (2017) and estimate the nonlinear
model with likelihood methods. Given the strong nonlinearities associated with the Kimball (1995)
aggregator and the fact that embedding the nonlinear Kimball (1995) aggregator into a standard
New Keynesian model requires the introduction of several endogenous state variables, this is will
be a tough but potentially very rewarding challenge, as suggested by the recent work of Arouba,
Boccola and Schorfheide (2017). To begin with, one could use the perfect foresight approach to
likelihood evaluation developed by Iacoviello and Guerrieri (2016). An interesting extension in this
context would also be to examine the possibility of the existence of a de‡ationary regime, as in
Arouba, Cuba-Borda and Schorfheide (2017), as this could have important implications for the size
of the …scal multiplier.
Ideally, one should also complement the empirical approach based on macroeconomic data with
…rm-level data on prices and quantities. Using micro data would allow to examine empirically the
properties of the nonlinear Kimball (1995) aggregator shown in Figure 1. In addition, one could
possibly also draw and extend empirical …ndings in the industrial organization literature to shed
further light on the properties of the Kimball (1995) aggregator. While we are excited about these
empirical applications we leave them to future research.

6. Conclusions
All told, our paper provides an example of a potential …rst-order policy mistake that is based on
using a linear approximation to solve a model to calculate a …scal spending multiplier. The mistake
involves a nearly three times as large multiplier (2 instead of 0.7) as well as an implication of a self…nancing …scal stimulus in a long-lived liquidity trap. Our analysis of the true underlying nonlinear
model arrives at very di¤erent conclusions: a small multiplier and no self-…nancing. Therefore, our
results caution against the common practice of using linearized models to calculate …scal multipliers
in long-lived liquidity traps.
Using our benchmark model with real rigidities following Kimball (1995), we have documented
that it is the linearization of the Phillips curve which accounts for the bulk of the di¤erence between
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the linearized and nonlinear model. The results in our model imply large di¤erences between the
linearized and nonlinear model, supporting the …ndings in Boneva, Braun and Waki (2016). In
contrast to Boneva et al. (2016), however, it is important to point out that we consider a model
which matches macroeconomic evidence of a low Phillips curve slope and microeconomic evidence
of frequent price changes by …rms.
Even so, the way nonlinearities are introduced into a model can matter. Speci…cally, our analysis
has shown that it is possible to construct New Keynesian models in which the di¤erence between the
linearized and nonlinear model is relatively small even in long-lived liquidity traps. More precisely,
con…rming the results in Eggertsson and Singh (2016), our analysis documents that this is the case
in the Eggertsson and Woodford (2003) “Yeoman farmer” New Keynesian sticky price model with
…rm-speci…c labor. In that model the price dispersion term is irrelevant for equilibrium dynamics.
As this model …ts the macro- and microevidence on price setting equally well as our benchmark
model using the Kimball (1995) aggregator, an important issue that remains to be studied is which
of the competing frameworks best …ts the data.
It would also be interesting to study the robustness of our results in an empirically realistic
framework such as Christiano, Eichenbaum and Evans (2005) where one would allow for a nonlinear Kimball (1995) aggregator in both price- and wage setting and nonlinearities originating
from …nancial frictions following for example the Bernanke, Gertler and Gilchrist (1999) …nancial
accelerator mechanism. Such a framework would allow to study the robustness of our …ndings in a
framework which has a spending multiplier in the mid-range of the VAR evidence when monetary
policy is unconstrained. Doing so is important for the substantive issue whether the spending multiplier can be su¢ ciently elevated in a long-lived liquidity trap so that a transient hike in spending
is associated with a …scal free lunch (and conversely whether a spending cut could be self-defeating
in a long-lived trap). We leave these extensions to future research.
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Figure 1: Demand Curves -- Implications of Kimball vs. Dixit-Stiglitz Aggregators
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Figure 2: Baselines in Linearized and Nonlinear Model for an 8−Quarter Liquidity Trap
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Figure 3: Marginal Multipliers for Government Spending
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Alternative Calibration: Dixit-Stiglitz
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Figure 4: Decomposition of Marginal Multipliers for Government Spending
Linearized Model
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Figure 5: Effects of an Increase in Government Spending in an 8−Quarter Liquidity Trap
Panel A: Linearized Model Solution
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Panel B: Nonlinear Model Solution
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Appendix A.
Below we state the nonlinear and linearized equilibrium conditions of the model.A.1
We also provide a detailed description of the additional robustness analyses which we summaried
in the main text.
A.1. Nonlinear Equilibrium Equations
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All derivations and the closed form steady state are provided in the technical appendix which is available at
https://sites.google.com/site/mathiastrabandt/home/downloads/LindeTrabandt_Multiplier_TechApp.pdf
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st+1

Flex-price (potential) economy: version of the model when prices are ‡exible, i.e.
Euler equation, ‡ex-price (n20) :
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The processes of the exogenous variables gt and

t

are provided in eqs. (19) in the main text.

A.2. Linearized Equilibrium Equations
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where hat variables denote percent deviations from steady state and breve variables denote
absolute deviations from steady state. We have 17 equations in the following 17 unknows:
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and sN are composite parameters de…ned as:
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Equation (A.1) expresses the “New Keynesian”IS curve in terms of the output and real interest
rate gaps. Thus, the output gap xt depends inversely on the deviation of the real interest rate
({t

E t ^ t+1 ) from its potential rate rtpot , as well as on the expected output gap in the following

period.

The parameter

determines the sensitivity of the output gap to the real interest rate;

as indicated by (A.7), it depends on the steady state government spending share of output gy ,
and a (small) adjustment factor

which scales the consumption preference shock

t.

The price-

setting equation (A.2) speci…es current in‡ation ^ t to depend on expected in‡ation and the output
gap, where the sensitivity to the latter is determined by the composite parameter . Given the
Calvo (1983) contract structure, equation (A.8) implies that
of marginal cost to the output gap

mc ;

varies directly with the sensitivity

and inversely with the mean contract duration ( 1 1 ). The

marginal cost sensitivity equals the sum of the absolute value of the slopes of the labor supply and
labor demand schedules that would prevail under ‡exible prices: accordingly, as seen in (A.9),
varies inversely with the Frisch elasticity of labor supply
demand , and the labor share in production (1

1

mc

, the interest-sensitivity of aggregate

): The equations (A.3) and (A.4) determinate

potential output and the potential (or natural) real rate. The evolution of government debt is
determined by equation (A.5) ; and depends on variations in the service cost of debt, government
spending as well as labor income and lump-sum tax revenues. Equation (A.6) is a simple de…nitional
equation for actual output yt (in logs). Finally, the policy rate {t follows a Taylor rule subject to
the zero lower bound (linearized version of the policy rule 14 in the main text) and the exogenous
shocks follow the processes in eqs. (19).
A.3. Details about the Global Solution Method
In order to solve the fully stochastic nonlinear and linearized model, we discretize the state space.
Solving the stochastic nonlinear model is computationally challenging due to the nonlinearities
embedded in the Kimball aggregator, the size of the state space and the non-availability of closed
form solutions for some of the model variables needed to evaluate expectations. In the nonlinear
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model we use the Rouwenhorst (1995) method with 9 gridpoints to approximate the government
consumption process. We use 19 gridpoints to discretize the consumption preference process. For
the endogenous state variables that result from the Kimball (1995) formulation we use 9 gridpoints
for each state variable. In total we have about 14.000 gridpoints in the policy functions. For points
that are not exactly on the nodes of the policy functions, we use linear interpolation/extrapolation.
To approximate expectations we use numerical integration based on the trapezoid rule for which
we evaluate future realizations of the consumption preference process on 9 gridpoints together
with a truncated normal distribution with

6 standard deviations. It takes about 24 hours on a

workstation with a Dual Intel Xeon Processor E5-2637 v3 (4 Cores, Hyper-Threading Technology,
15MB Cache, 3.5GHz Turbo) to solve the nonlinear model.
The speci…cation for solving the stochastic linearized model are similar to those of the stochastic
nonlinear model. However, given the absence of the endogenous state variables and the availability
to solve for endogenous variables in closed form to evaluate expectations in the linearized model,
we solve the linearized model using 200 gridpoints for each exogenous process, i.e. a total of 40.000
gridpoints. It takes about one hour on above workstation to solve the linearized model.
We calibrate the two exogenous processes as follows:
Gt

G
G
t

= 0:95
= 0:80 (

Gt

1

G

G
t 1

)+

+

0:01
"G;t ; "G
G

" ;t ; "

iid

iid

N (0; 1)

N (0; 1)

The autocorrelation of 0:95 and the standard deviation of 0:01 for the government consumption
process are estimated using the cyclical component of hp-…ltered U.S. data from 1955Q1 to 2017Q2.
The autocorrelation of the consumption demand shock is set to 0:80 following Nakata (2016).
Finally, we tune the standard deviation of the consumption demand shock in the linearized and
nonlinear model such that the model economies observe a probability of hitting the ZLB of 10
percent in each quarter. The corresponding values are

linear

= 0:023 and

nonlinear

= 0:042: At

the solution, the mean duration of ZLB episodes is about 2 quarters in the linear and nonlinear
model. The maximum observed duration of ZLB episodes are 17 quarters in the linearized model
and 11 quarters in the nonlinar model.
A.4. Robustness: E¤ects of Other Shocks
In this paper we have focused on the implications of a consumption demand shock and a government consumption shock in a linearized vs. nonlinear version of a New Keynesian model. In this
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subsection we provide insights how other shocks a¤ect the dynamics of the linearized and nonlinear
model. Figures A.1 and A.2 provide impulse responses of the linearized and nonlinear model to the
following six shocks: government consumption shock, consumption demand shock, discount factor
shock, technology shock, markup shock and monetary policy shock.
To introduce the discount factor shock

we specify the household utility function as follows:
!
1
1+
X
N
t
t
& t log (Ct C t )
E0
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(A.11)
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(A.12)

The technology shock zt is introduced into the production function:
Yt = zt (pt )

1

k Nt1

:

The markup shock %t is introduced into the equation for marginal cost:

mct = %t
The monetary policy shock

1
1

wt
k
zt

Nt

is introduced into the Taylor rule:
"
# x!
Yt Ytpot
e
1 + it = max 1; (1 + i) [ t = ]
=
Y Y pot
t

t

All shocks are assumed to follow AR(1) processes with autocorrelation 0.95 except the monetary
policy shock which we assume to have an autocorrelation of 0.7. We subject the linearized and the
nonlinar models to the same shock. We size the shock such that the in‡ation rate in the nonlinear
model falls from its steady state of 2 percent to 0 percent in response to each shock. Figures A.1
and A.2 show the results.
There are two takeaways from Figures A.1 and A.2. First, for all six shocks considered, there
are substantial di¤erences between the linearized and nonlinear solutions. Second, in the linearized
model, the responses of in‡ation, GDP and the nominal interest rate to the government consumption shock, the consumption demand shock, the discount factor shock and the technology shock
are (nearly) observationally equivalent. In the nonlinear model the same observation is arises,
i.e. the responses of in‡ation, GDP and the nominal interest rate to these shocks are (nearly)
observationally equivalent in the nonlinear model.
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A.5. Robustness: Choice of Baseline Shock
In line with Erceg and Lindé (2014) we use the consumption preference shock vt to generate our
baselines. A negative shock to vt implies that both potential output and the real interest rate fall
(see Figure 2). In contrast, most papers in the literature on …scal multipliers have assumed that
an increased desire to save, represented by a higher discount factor, causes the natural real rate to
fall below zero and thereby triggers the economy to enter into a liquidity trap. A higher discount
factor leaves potential output unchanged, and consequently has the ‡avor of a negative demand
shock when output (and the output gap) contracts because monetary policy cannot cut the policy
rate below zero to mimic the fall in the natural real rate.
To ensure that our results hold up when we follow the bulk of the literature, we present results
when the recession is assumed to be triggered by a discount factor shock as used in the seminal
papers by Eggertsson and Woodford (2003) and Christiano, Eichenbaum and Rebelo (2011). For
the linearized model, we establish that the results are invariant with respect to the the choice of the
baseline shock (see Erceg and Lindé, 2014, for analytical proofs). For the nonlinear model, Figure
A:3 shows that the multiplier schedules are nearly invariant with respect to the baseline shock.A.2
Figure A.3 reports results when the discount factor shock

t

de…ned in eq. (A.12) is driving the

baseline in Figure 2. For ease of comparison, the benchmark results with the consumption preference
shock

t

driving the baseline are also included. The upper panels of Figure A.3 con…rm the results in

by Erceg and Lindé (2014) by showing that the …scal spending multiplier is independent of the shock
driving the baseline when the model is linearized as long as the di¤erent baseline shocks generate
an equally long-lived ZLB episode. So our choice to work with the consumption preference shock
instead of the discount factor shock

t

t

has no consequences for our results in the linearized model.

As for the nonlinear model, the lower panels in Figure A.3 show that the results are very similar
even in the nonlinear solution, so our choice of the baseline shock appears to be unproblematic.
A.6. Robustness: Kimball vs. Dixit-Stiglitz Aggregator
To further tease out the di¤erence between the Kimball vs. Dixit-Stiglitz aggregator, Panel A in
Figure A.4 compares outcomes when the sticky price parameter

is adjusted in the Dixit-Stiglitz

version so that the slope of the linearized Phillips curve (17) is the same as in our benchmark
Kimball calibration. Both the Kimball and Dixit-Stiglitz versions hence now feature a linearized
A .2
We have also checked the robustness of the nonlinear multiplier schedule w.r.t. technology shocks generating
the baseline, and found that the results are robust in this case as well.
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Phillips curve with an identical slope coe¢ cient ( = 0:012, see 18), but the Dixit-Stiglitz version
of the model achieves this with a substantially higher value of
value of
and

= 0:90. However, since only the

matters in the linearized solution, the multiplier schedules are invariant w.r.t. the mix of
that achieves a given

in the linearized model. Consequently, the linearized solution for

the Dixit-Stiglitz aggregator is thus identical to the Kimball solution depicted by the solid black
line in the upper panel in Figure 3.
Even so, the nonlinear solutions shown in Panel A in Figure A.4 di¤er. In particular, we see that
the Dixit-Stiglitz aggregator implies that expected in‡ation and the output multiplier respond more
when the duration of the liquidity trap increases. Thus, when the Kimball parameter

goes toward

zero, the more will expected in‡ation and the output multiplier respond when ZLBDU R increases;
conversely, increasing

more negative and lowering

‡attens the output multiplier schedule even

more. The explanation behind this …nding is that a more negative value of

induces the elasticity

of demand to vary more with the relative price di¤erential among the intermediate good …rms as
shown in Figure 1, and this price di¤erential increases when the economy is far from the steady
state. Thus, intermediate goods …rms which only infrequently are able to re-optimize their price
will optimally choose to respond less to a given …scal impulse far from the steady state when price
di¤erentials are larger as they perceive that they may have a much larger impact on their demand
for a given change in their relative price. As a result, aggregate in‡ation and expected in‡ation
are less a¤ected far from the steady state in the Kimball case relative to the Dixit-Stiglitz case for
which the elasticity of demand is independent of the relative price di¤erential. This demonstrates
that the modeling of price frictions matters importantly within a nonlinear framework, especially
so when nominal wages are ‡exible.
A.7. Robustness: Price Indexation
So far, we have followed the convention in the literature and assumed that non-optimizing …rms
index their prices to the steady state rate of in‡ation, see eq. (11). This is a convenient benchmark
modelling assumption as it simpli…es the analysis by removing steady state price distortions. However, the indexation assumption has been criticized for being inconsistent with the microeconomic
evidence on price setting behavior of …rms. According to micro evidence on price setting, prices
set by …rms remain unchanged for several quarters. By contrast, the indexation scheme in our
model (as well as in most of the literature) implies that prices changes in each quarter – either
because …rms can choose an optimal price or because of mechanical indexation of the price set in
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the previous period.
To examine the importance of the indexation assumption for the resulting …scal multiplier
we re-formulate the model: In particular, following e.g. Ascari and Ropele (2007) and Christiano, Eichenbaum and Trabandt (2015, 2016) we do not allow non-optimizing …rms to index their
prices:These …rms must keep their price unchanged, i.e.
P~t = Pt

1:

(A.13)

Panel B in Figure A.5 reports the results for the benchmark nonlinear model (‘black-solid
lines’) with the version of the nonlinear model when indexation is not allowed (‘red dotted lines’).
From the panels, we see that abandoning the conventional assumption of full indexation results in
a somewhat steeper …scal multiplier schedule:The steeper …scal multiplier schedule is due to the
higher sensitivity of expected in‡ation in the “no-indexation” model since …rms take into account
in their price setting decisions that their prices will not automatically adjust in response to shocks.
We veri…ed that the …scal marginal multipliers in the linearized model are also roughly unchanged
(not shown in the …gure). All told, our benchmark results are robust with respect to the price
indexation assumption.
A.8. Robustness: Government Spending Process
Another aspect we want to understand is how our results di¤er from Boneva, Braun, and Waki
(2016) due to our AR(1) assumption for government spending instead of the MA-process they work
with. Figure A.5 assess this issue by comparing the results of our benchmark AR(1) process for
Gt against a moving average (MA) in which Gt is elevated to a higher level as long as the policy
rate is bounded at zero and set to its steady state value otherwise. Apart from the fact that our
benchmark solution procedure does not account for shock uncertainty, this approach of modeling
government spending is identical to Boneva, Braun, and Waki (2016) who in turn follow Eggertsson
(2010).
As can be seen from the upper panels of Figure A.5, the MA-process increases the marginal
spending multiplier at the ZLB substantially relative to the AR(1) process. The multiplier is higher
because increases in government spending have very benign e¤ects on the potential real interest
rate when the duration of the spending hike equals the expected duration of the liquidity trap
(see e.g. Erceg and Lindé, 2014). For a one quarter liquidity trap the multiplier equals unity, as
shown analytically by Woodford (2011). Our fairly persistent AR(1) process tends to dampen the
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multiplier schedule since a relatively large fraction of spending occurs when the ZLB is no longer
binding. This feature explains why the AR(1) multiplier is substantially lower in a short -lived
liquidity trap. However, the AR(1) process is also associated with a substantially lower multiplier
even in a fairly long-lived trap compared to the MA process because its has less benign e¤ects on
the potential real rate.
All this is well-known in the body of work focusing on linearized models. However, the results
for the non-linear model, shown in the lower panels of Figure A.5, are much less explored. We have
already discussed the AR(1) case at length in the text. What we see is that the results for the MA
process are quite di¤erent for longer ZLB durations, because the MA schedule for the nonlinear
model stays essentially ‡at at unity, in line with the …ndings of Boneva, Braun, and Waki (2016);
for a 12-quarter trap the multiplier only increases to 1.03 from a multiplier of unity in a one-period
liquidity trap. This is in sharp contrast to the multiplier schedule for the linearized model where
the multiplier is as high as 5 in a liquidity trap lasting 3 years. All told, the results show that
our benchmark results hold up well for a MA-process for government spending. If anything, an
MA process magni…es the di¤erences between the linearized and nonlinear solution in terms of the
multiplier. Moreover, the linear and nonlinear model results in Figure A.5 are in line with the
existing literature.
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Figure A.1: Impulse Responses to Shocks I: Linearized vs. Nonlinear Model
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Figure A.2: Impulse Responses to Shocks II: Linearized vs. Nonlinear Model
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Figure A.3: Sensitivity of Marginal Multipliers With Respect to Baseline Shock
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Figure A.4: Sensitivity Analysis of Marginal Multipliers in Nonlinear Model
Panel A: Kimball (ξp=0.667; ψ=−12.2) vs. Dixit−Stiglitz (ξp=0.9; ψ=0)
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Panel B: Impact of Indexation Assumption for Non−Optimizing Firms
With Indexation (Benchmark)
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Figure A.5: Sensitivity of Marginal Multipliers With Respect to Specification of Spending Process
AR(1) Process for Spending (Benchmark)

MA Process for Spending

Linearized Model
Expected inflation (4⋅Etπt+1)

Impact Spending Multiplier

Govt Debt to GDP (After 1 Year)

5
0

Percentage Points

Multiplier

4

3

2

Percentage Points

4

3

2

−5
−10
−15

1

1

−20
0

2
4
6
8
10
ZLB duration, quarters

0

12

0

2
4
6
8
10
ZLB duration, quarters

12

0

Nonlinear Model
Expected Inflation (4⋅Etπt+1)

Impact Spending Multiplier
2

2
4
6
8
10
ZLB duration, quarters

12

Govt Debt to GDP (After 1 Year)

1.6

2

Multiplier

1.5

1

Percentage Points

Percentage Points

1.4
1.2
1
0.8
0.6

0
−2
−4

0.4
0.5

−6

0.2
0

2
4
6
8
10
ZLB duration, quarters

12

0

0

2
4
6
8
10
ZLB duration, quarters

12

0

2
4
6
8
10
ZLB duration, quarters

12

Earlier Working Papers:
For a complete list of Working Papers published by Sveriges Riksbank, see www.riksbank.se
Estimation of an Adaptive Stock Market Model with Heterogeneous Agents
by Henrik Amilon

2005:177

Some Further Evidence on Interest-Rate Smoothing: The Role of Measurement Errors in the Output
Gap
by Mikael Apel and Per Jansson

2005:178

Bayesian Estimation of an Open Economy DSGE Model with Incomplete Pass-Through
by Malin Adolfson, Stefan Laséen, Jesper Lindé and Mattias Villani

2005:179

Are Constant Interest Rate Forecasts Modest Interventions? Evidence from an Estimated Open
Economy DSGE Model of the Euro Area
by Malin Adolfson, Stefan Laséen, Jesper Lindé and Mattias Villani

2005:180

Inference in Vector Autoregressive Models with an Informative Prior on the Steady State
by Mattias Villani

2005:181

Bank Mergers, Competition and Liquidity
by Elena Carletti, Philipp Hartmann and Giancarlo Spagnolo

2005:182

Testing Near-Rationality using Detailed Survey Data
by Michael F. Bryan and Stefan Palmqvist

2005:183

Exploring Interactions between Real Activity and the Financial Stance
by Tor Jacobson, Jesper Lindé and Kasper Roszbach

2005:184

Two-Sided Network Effects, Bank Interchange Fees, and the Allocation of Fixed Costs
by Mats A. Bergman

2005:185

Trade Deficits in the Baltic States: How Long Will the Party Last?
by Rudolfs Bems and Kristian Jönsson

2005:186

Real Exchange Rate and Consumption Fluctuations follwing Trade Liberalization
by Kristian Jönsson

2005:187

Modern Forecasting Models in Action: Improving Macroeconomic Analyses at Central Banks
by Malin Adolfson, Michael K. Andersson, Jesper Lindé, Mattias Villani and Anders Vredin

2005:188

Bayesian Inference of General Linear Restrictions on the Cointegration Space
by Mattias Villani

2005:189

Forecasting Performance of an Open Economy Dynamic Stochastic General Equilibrium Model
by Malin Adolfson, Stefan Laséen, Jesper Lindé and Mattias Villani

2005:190

Forecast Combination and Model Averaging using Predictive Measures
by Jana Eklund and Sune Karlsson

2005:191

Swedish Intervention and the Krona Float, 1993-2002
by Owen F. Humpage and Javiera Ragnartz

2006:192

A Simultaneous Model of the Swedish Krona, the US Dollar and the Euro
by Hans Lindblad and Peter Sellin

2006:193

Testing Theories of Job Creation: Does Supply Create Its Own Demand?
by Mikael Carlsson, Stefan Eriksson and Nils Gottfries

2006:194

Down or Out: Assessing The Welfare Costs of Household Investment Mistakes
by Laurent E. Calvet, John Y. Campbell and Paolo Sodini

2006:195

Efficient Bayesian Inference for Multiple Change-Point and Mixture Innovation Models
by Paolo Giordani and Robert Kohn

2006:196

Derivation and Estimation of a New Keynesian Phillips Curve in a Small Open Economy
by Karolina Holmberg

2006:197

Technology Shocks and the Labour-Input Response: Evidence from Firm-Level Data
by Mikael Carlsson and Jon Smedsaas

2006:198

Monetary Policy and Staggered Wage Bargaining when Prices are Sticky
by Mikael Carlsson and Andreas Westermark

2006:199

The Swedish External Position and the Krona
by Philip R. Lane

2006:200

Price Setting Transactions and the Role of Denominating Currency in FX Markets
by Richard Friberg and Fredrik Wilander

2007:201

The geography of asset holdings: Evidence from Sweden
by Nicolas Coeurdacier and Philippe Martin

2007:202

Evaluating An Estimated New Keynesian Small Open Economy Model
by Malin Adolfson, Stefan Laséen, Jesper Lindé and Mattias Villani

2007:203

The Use of Cash and the Size of the Shadow Economy in Sweden
by Gabriela Guibourg and Björn Segendorf

2007:204

Bank supervision Russian style: Evidence of conflicts between micro- and macro-prudential concerns
by Sophie Claeys and Koen Schoors

2007:205

Optimal Monetary Policy under Downward Nominal Wage Rigidity
by Mikael Carlsson and Andreas Westermark

2007:206

Financial Structure, Managerial Compensation and Monitoring
by Vittoria Cerasi and Sonja Daltung

2007:207

Financial Frictions, Investment and Tobin’s q
by Guido Lorenzoni and Karl Walentin

2007:208

Sticky Information vs Sticky Prices: A Horse Race in a DSGE Framework
by Mathias Trabandt

2007:209

Acquisition versus greenfield: The impact of the mode of foreign bank entry on information and bank
lending rates
by Sophie Claeys and Christa Hainz

2007:210

Nonparametric Regression Density Estimation Using Smoothly Varying Normal Mixtures
by Mattias Villani, Robert Kohn and Paolo Giordani

2007:211

The Costs of Paying – Private and Social Costs of Cash and Card
by Mats Bergman, Gabriella Guibourg and Björn Segendorf

2007:212

Using a New Open Economy Macroeconomics model to make real nominal exchange rate forecasts
by Peter Sellin

2007:213

Introducing Financial Frictions and Unemployment into a Small Open Economy Model
by Lawrence J. Christiano, Mathias Trabandt and Karl Walentin

2007:214

Earnings Inequality and the Equity Premium
by Karl Walentin

2007:215

Bayesian forecast combination for VAR models
by Michael K. Andersson and Sune Karlsson

2007:216

Do Central Banks React to House Prices?
by Daria Finocchiaro and Virginia Queijo von Heideken

2007:217

The Riksbank’s Forecasting Performance
by Michael K. Andersson, Gustav Karlsson and Josef Svensson

2007:218

Macroeconomic Impact on Expected Default Freqency
by Per Åsberg and Hovick Shahnazarian

2008:219

Monetary Policy Regimes and the Volatility of Long-Term Interest Rates
by Virginia Queijo von Heideken

2008:220

Governing the Governors: A Clinical Study of Central Banks
by Lars Frisell, Kasper Roszbach and Giancarlo Spagnolo

2008:221

The Monetary Policy Decision-Making Process and the Term Structure of Interest Rates
by Hans Dillén

2008:222

How Important are Financial Frictions in the U S and the Euro Area
by Virginia Queijo von Heideken

2008:223

Block Kalman filtering for large-scale DSGE models
by Ingvar Strid and Karl Walentin

2008:224

Optimal Monetary Policy in an Operational Medium-Sized DSGE Model
by Malin Adolfson, Stefan Laséen, Jesper Lindé and Lars E. O. Svensson

2008:225

Firm Default and Aggregate Fluctuations
by Tor Jacobson, Rikard Kindell, Jesper Lindé and Kasper Roszbach

2008:226

Re-Evaluating Swedish Membership in EMU: Evidence from an Estimated Model
by Ulf Söderström

2008:227

The Effect of Cash Flow on Investment: An Empirical Test of the Balance Sheet Channel
by Ola Melander

2009:228

Expectation Driven Business Cycles with Limited Enforcement
by Karl Walentin

2009:229

Effects of Organizational Change on Firm Productivity
by Christina Håkanson

2009:230

Evaluating Microfoundations for Aggregate Price Rigidities: Evidence from Matched Firm-Level Data on
Product Prices and Unit Labor Cost
by Mikael Carlsson and Oskar Nordström Skans

2009:231

Monetary Policy Trade-Offs in an Estimated Open-Economy DSGE Model
by Malin Adolfson, Stefan Laséen, Jesper Lindé and Lars E. O. Svensson

2009:232

Flexible Modeling of Conditional Distributions Using Smooth Mixtures of Asymmetric
Student T Densities
by Feng Li, Mattias Villani and Robert Kohn

2009:233

Forecasting Macroeconomic Time Series with Locally Adaptive Signal Extraction
by Paolo Giordani and Mattias Villani

2009:234

Evaluating Monetary Policy
by Lars E. O. Svensson

2009:235

Risk Premiums and Macroeconomic Dynamics in a Heterogeneous Agent Model
by Ferre De Graeve, Maarten Dossche, Marina Emiris, Henri Sneessens and Raf Wouters

2010:236

Picking the Brains of MPC Members
by Mikael Apel, Carl Andreas Claussen and Petra Lennartsdotter

2010:237

Involuntary Unemployment and the Business Cycle
by Lawrence J. Christiano, Mathias Trabandt and Karl Walentin

2010:238

Housing collateral and the monetary transmission mechanism
by Karl Walentin and Peter Sellin

2010:239

The Discursive Dilemma in Monetary Policy
by Carl Andreas Claussen and Øistein Røisland

2010:240

Monetary Regime Change and Business Cycles
by Vasco Cúrdia and Daria Finocchiaro

2010:241

Bayesian Inference in Structural Second-Price common Value Auctions
by Bertil Wegmann and Mattias Villani

2010:242

Equilibrium asset prices and the wealth distribution with inattentive consumers
by Daria Finocchiaro

2010:243

Identifying VARs through Heterogeneity: An Application to Bank Runs
by Ferre De Graeve and Alexei Karas

2010:244

Modeling Conditional Densities Using Finite Smooth Mixtures
by Feng Li, Mattias Villani and Robert Kohn

2010:245

The Output Gap, the Labor Wedge, and the Dynamic Behavior of Hours
by Luca Sala, Ulf Söderström and Antonella Trigari

2010:246

Density-Conditional Forecasts in Dynamic Multivariate Models
by Michael K. Andersson, Stefan Palmqvist and Daniel F. Waggoner

2010:247

Anticipated Alternative Policy-Rate Paths in Policy Simulations
by Stefan Laséen and Lars E. O. Svensson

2010:248

MOSES: Model of Swedish Economic Studies
by Gunnar Bårdsen, Ard den Reijer, Patrik Jonasson and Ragnar Nymoen

2011:249

The Effects of Endogenuos Firm Exit on Business Cycle Dynamics and Optimal Fiscal Policy
by Lauri Vilmi

2011:250

Parameter Identification in a Estimated New Keynesian Open Economy Model
by Malin Adolfson and Jesper Lindé

2011:251

Up for count? Central bank words and financial stress
by Marianna Blix Grimaldi

2011:252

Wage Adjustment and Productivity Shocks
by Mikael Carlsson, Julián Messina and Oskar Nordström Skans

2011:253

Stylized (Arte) Facts on Sectoral Inflation
by Ferre De Graeve and Karl Walentin

2011:254

Hedging Labor Income Risk
by Sebastien Betermier, Thomas Jansson, Christine A. Parlour and Johan Walden

2011:255

Taking the Twists into Account: Predicting Firm Bankruptcy Risk with Splines of Financial Ratios
by Paolo Giordani, Tor Jacobson, Erik von Schedvin and Mattias Villani

2011:256

Collateralization, Bank Loan Rates and Monitoring: Evidence from a Natural Experiment
by Geraldo Cerqueiro, Steven Ongena and Kasper Roszbach

2012:257

On the Non-Exclusivity of Loan Contracts: An Empirical Investigation
by Hans Degryse, Vasso Ioannidou and Erik von Schedvin

2012:258

Labor-Market Frictions and Optimal Inflation
by Mikael Carlsson and Andreas Westermark

2012:259

Output Gaps and Robust Monetary Policy Rules
by Roberto M. Billi

2012:260

The Information Content of Central Bank Minutes
by Mikael Apel and Marianna Blix Grimaldi

2012:261

The Cost of Consumer Payments in Sweden
by Björn Segendorf and Thomas Jansson

2012:262

Trade Credit and the Propagation of Corporate Failure: An Empirical Analysis
by Tor Jacobson and Erik von Schedvin

2012:263

Structural and Cyclical Forces in the Labor Market During the Great Recession: Cross-Country Evidence
by Luca Sala, Ulf Söderström and AntonellaTrigari

2012:264

Pension Wealth and Household Savings in Europe: Evidence from SHARELIFE
by Rob Alessie, Viola Angelini and Peter van Santen

2013:265

Long-Term Relationship Bargaining
by Andreas Westermark

2013:266

Using Financial Markets To Estimate the Macro Effects of Monetary Policy: An Impact-Identified FAVAR*
by Stefan Pitschner

2013:267

DYNAMIC MIXTURE-OF-EXPERTS MODELS FOR LONGITUDINAL AND DISCRETE-TIME SURVIVAL DATA
by Matias Quiroz and Mattias Villani

2013:268

Conditional euro area sovereign default risk
by André Lucas, Bernd Schwaab and Xin Zhang

2013:269

Nominal GDP Targeting and the Zero Lower Bound: Should We Abandon Inflation Targeting?*
by Roberto M. Billi

2013:270

Un-truncating VARs*
by Ferre De Graeve and Andreas Westermark

2013:271

Housing Choices and Labor Income Risk
by Thomas Jansson

2013:272

Identifying Fiscal Inflation*
by Ferre De Graeve and Virginia Queijo von Heideken

2013:273

On the Redistributive Effects of Inflation: an International Perspective*
by Paola Boel

2013:274

Business Cycle Implications of Mortgage Spreads*
by Karl Walentin

2013:275

Approximate dynamic programming with post-decision states as a solution method for dynamic
economic models by Isaiah Hull

2013:276

A detrimental feedback loop: deleveraging and adverse selection
by Christoph Bertsch

2013:277

Distortionary Fiscal Policy and Monetary Policy Goals
by Klaus Adam and Roberto M. Billi

2013:278

Predicting the Spread of Financial Innovations: An Epidemiological Approach
by Isaiah Hull

2013:279

Firm-Level Evidence of Shifts in the Supply of Credit
by Karolina Holmberg

2013:280

Lines of Credit and Investment: Firm-Level Evidence of Real Effects of the Financial Crisis
by Karolina Holmberg

2013:281

A wake-up call: information contagion and strategic uncertainty
by Toni Ahnert and Christoph Bertsch

2013:282

Debt Dynamics and Monetary Policy: A Note
by Stefan Laséen and Ingvar Strid

2013:283

Optimal taxation with home production
by Conny Olovsson

2014:284

Incompatible European Partners? Cultural Predispositions and Household Financial Behavior
by Michael Haliassos, Thomas Jansson and Yigitcan Karabulut

2014:285

How Subprime Borrowers and Mortgage Brokers Shared the Piecial Behavior
by Antje Berndt, Burton Hollifield and Patrik Sandås

2014:286

The Macro-Financial Implications of House Price-Indexed Mortgage Contracts
by Isaiah Hull

2014:287

Does Trading Anonymously Enhance Liquidity?
by Patrick J. Dennis and Patrik Sandås

2014:288

Systematic bailout guarantees and tacit coordination
by Christoph Bertsch, Claudio Calcagno and Mark Le Quement

2014:289

Selection Effects in Producer-Price Setting
by Mikael Carlsson

2014:290

Dynamic Demand Adjustment and Exchange Rate Volatility
by Vesna Corbo

2014:291

Forward Guidance and Long Term Interest Rates: Inspecting the Mechanism
by Ferre De Graeve, Pelin Ilbas & Raf Wouters

2014:292

Firm-Level Shocks and Labor Adjustments
by Mikael Carlsson, Julián Messina and Oskar Nordström Skans

2014:293

A wake-up call theory of contagion
by Toni Ahnert and Christoph Bertsch

2015:294

Risks in macroeconomic fundamentals and excess bond returns predictability
by Rafael B. De Rezende

2015:295

The Importance of Reallocation for Productivity Growth: Evidence from European and US Banking
by Jaap W.B. Bos and Peter C. van Santen

2015:296

SPEEDING UP MCMC BY EFFICIENT DATA SUBSAMPLING
by Matias Quiroz, Mattias Villani and Robert Kohn

2015:297

Amortization Requirements and Household Indebtedness: An Application to Swedish-Style Mortgages
by Isaiah Hull

2015:298

Fuel for Economic Growth?
by Johan Gars and Conny Olovsson

2015:299

Searching for Information
by Jungsuk Han and Francesco Sangiorgi

2015:300

What Broke First? Characterizing Sources of Structural Change Prior to the Great Recession
by Isaiah Hull

2015:301

Price Level Targeting and Risk Management
by Roberto Billi

2015:302

Central bank policy paths and market forward rates: A simple model
by Ferre De Graeve and Jens Iversen

2015:303

Jump-Starting the Euro Area Recovery: Would a Rise in Core Fiscal Spending Help the Periphery?
by Olivier Blanchard, Christopher J. Erceg and Jesper Lindé

2015:304

Bringing Financial Stability into Monetary Policy*
by Eric M. Leeper and James M. Nason

2015:305

SCALABLE MCMC FOR LARGE DATA PROBLEMS USING DATA SUBSAMPLING AND
THE DIFFERENCE ESTIMATOR
by MATIAS QUIROZ, MATTIAS VILLANI AND ROBERT KOHN

2015:306

SPEEDING UP MCMC BY DELAYED ACCEPTANCE AND DATA SUBSAMPLING
by MATIAS QUIROZ

2015:307

Modeling financial sector joint tail risk in the euro area
by André Lucas, Bernd Schwaab and Xin Zhang

2015:308

Score Driven Exponentially Weighted Moving Averages and Value-at-Risk Forecasting
by André Lucas and Xin Zhang

2015:309

On the Theoretical Efficacy of Quantitative Easing at the Zero Lower Bound
by Paola Boel and Christopher J. Waller

2015:310

Optimal Inflation with Corporate Taxation and Financial Constraints
by Daria Finocchiaro, Giovanni Lombardo, Caterina Mendicino and Philippe Weil

2015:311

Fire Sale Bank Recapitalizations
by Christoph Bertsch and Mike Mariathasan

2015:312

Since you’re so rich, you must be really smart: Talent and the Finance Wage Premium
by Michael Böhm, Daniel Metzger and Per Strömberg

2015:313

Debt, equity and the equity price puzzle
by Daria Finocchiaro and Caterina Mendicino

2015:314

Trade Credit: Contract-Level Evidence Contradicts Current Theories
by Tore Ellingsen, Tor Jacobson and Erik von Schedvin

2016:315

Double Liability in a Branch Banking System: Historical Evidence from Canada
by Anna Grodecka and Antonis Kotidis

2016:316

Subprime Borrowers, Securitization and the Transmission of Business Cycles
by Anna Grodecka

2016:317

Real-Time Forecasting for Monetary Policy Analysis: The Case of Sveriges Riksbank
by Jens Iversen, Stefan Laséen, Henrik Lundvall and Ulf Söderström

2016:318

Fed Liftoff and Subprime Loan Interest Rates: Evidence from the Peer-to-Peer Lending
by Christoph Bertsch, Isaiah Hull and Xin Zhang

2016:319

Curbing Shocks to Corporate Liquidity: The Role of Trade Credit
by Niklas Amberg, Tor Jacobson, Erik von Schedvin and Robert Townsend

2016:320

Firms’ Strategic Choice of Loan Delinquencies
by Paola Morales-Acevedo

2016:321

Fiscal Consolidation Under Imperfect Credibility
by Matthieu Lemoine and Jesper Lindé

2016:322

Challenges for Central Banks’ Macro Models
by Jesper Lindé, Frank Smets and Rafael Wouters

2016:323

The interest rate effects of government bond purchases away from the lower bound
by Rafael B. De Rezende

2016:324

COVENANT-LIGHT CONTRACTS AND CREDITOR COORDINATION
by Bo Becker and Victoria Ivashina

2016:325

Endogenous Separations, Wage Rigidities and Employment Volatility
by Mikael Carlsson and Andreas Westermark

2016:326

Renovatio Monetae: Gesell Taxes in Practice
by Roger Svensson and Andreas Westermark

2016:327

Adjusting for Information Content when Comparing Forecast Performance
by Michael K. Andersson, Ted Aranki and André Reslow

2016:328

Economic Scarcity and Consumers’ Credit Choice
by Marieke Bos, Chloé Le Coq and Peter van Santen

2016:329

Uncertain pension income and household saving
by Peter van Santen

2016:330

Money, Credit and Banking and the Cost of Financial Activity
by Paola Boel and Gabriele Camera

2016:331

Oil prices in a real-business-cycle model with precautionary demand for oil
by Conny Olovsson

2016:332

Financial Literacy Externalities
by Michael Haliasso, Thomas Jansson and Yigitcan Karabulut

2016:333

The timing of uncertainty shocks in a small open economy
by Hanna Armelius, Isaiah Hull and Hanna Stenbacka Köhler

2016:334

Quantitative easing and the price-liquidity trade-off
by Marien Ferdinandusse, Maximilian Freier and Annukka Ristiniemi

2017:335

What Broker Charges Reveal about Mortgage Credit Risk
by Antje Berndt, Burton Hollifield and Patrik Sandåsi

2017:336

Asymmetric Macro-Financial Spillovers
by Kristina Bluwstein

2017:337

Latency Arbitrage When Markets Become Faster
by Burton Hollifield, Patrik Sandås and Andrew Todd

2017:338

How big is the toolbox of a central banker? Managing expectations with policy-rate forecasts:
Evidence from Sweden
by Magnus Åhl

2017:339

International business cycles: quantifying the eﬀects of a world market for oil
by Johan Gars and Conny Olovsson l

2017:340

Systemic Risk: A New Trade-Off for Monetary Policy?
by Stefan Laséen, Andrea Pescatori and Jarkko Turunen

2017:341

Household Debt and Monetary Policy: Revealing the Cash-Flow Channel
by Martin Flodén, Matilda Kilström, Jósef Sigurdsson and Roine Vestman

2017:342

House Prices, Home Equity, and Personal Debt Composition
by Jieying Li and Xin Zhang

2017:343

Identification and Estimation issues in Exponential Smooth Transition Autoregressive Models
by Daniel Buncic

2017:344

Domestic and External Sovereign Debt
by Paola Di Casola and Spyridon Sichlimiris

2017:345

The Role of Trust in Online Lending
by Christoph Bertsch, Isaiah Hull, Yingjie Qi and Xin Zhang

2017:346

On the effectiveness of loan-to-value regulation in a multiconstraint framework
by Anna Grodecka

2017:347

Shock Propagation and Banking Structure
by Mariassunta Giannetti and Farzad Saidi

2017:348

The Granular Origins of House Price Volatility
by Isaiah Hull, Conny Olovsson, Karl Walentin and Andreas Westermark

2017:349

Sveriges Riksbank
Visiting address: Brunkebergs torg 11
Mail address: se-103 37 Stockholm
Website: www.riksbank.se
Telephone: +46 8 787 00 00, Fax: +46 8 21 05 31
E-mail: registratorn@riksbank.se

