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Abstract

Empirical studies support the hysteresis hypothesis that recessions
have a permanent effect on the level of output. We analyze the impli-
cations of hysteresis for fiscal policy in a DSGE model. We assume a
simple learning-by-doing mechanism where demand-driven changes in
employment can affect the level of productivity permanently, leading
to hysteresis in output. We show that the fiscal output multiplier is
much larger in the presence of hysteresis and that the welfare mul-
tiplier of fiscal policy—the consumption equivalent change in welfare
for one dollar change in public spending—is positive (negative) in the
presence (absence) of hysteresis. The main benefit of accommodative
fiscal policy in the presence of hysteresis is to diminish the damage of
a recession to the long-term level of productivity and, thus, output.
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0.1 Introduction

The hysteresis hypothesis that recessions have a permanent effect on the level
of output is supported by several empirical studies. Ball (2014) estimates the
long-term effects of the global recession of 2008-2009 on potential output in
23 countries. He finds that most countries suffered from a hysteresis effect, as
deviations of actual output from pre-recession trends lowered potential out-
put substantially. Blanchard et al. (2015) analyze the effects of recessions
over the past 50 years in 23 countries and find that roughly two-thirds of the
countries suffered from hysteresis. After recessions, actual output remains
low relative to pre-recession trends, even after the economy has recovered.
Fatas and Summers (2016a) find empirical support for the presence of strong
hysteresis effects of fiscal policy. Fiscal consolidations after the Great Re-
cession have not only caused a temporary loss in output but also permanent
damage to potential output.
Summers (2015) criticizes dynamic stochastic general equilibrium (DSGE)

models and New Keynesian macroeconomics because they ignore hysteresis.
He points out that in New Keynesian models, stabilization policy cannot
affect the average level of output over time; it can affect only the ampli-
tude of economic fluctuations. He argues that stabilization policy is not as
essential if it cannot affect the average level of output over time. Accord-
ing to him, the study of stabilization policy without hysteresis "essentially
abstracts away from most of what is important in macroeconomics." Yellen
(2016) highlights that hysteresis and the possibility it might be reversed can
have important implications for the conduct of fiscal policy.
Traditionally, modeling hysteresis relies on the labor market. Blanchard

and Summers (1986) argue that a rise in cyclical unemployment increases
long-term unemployment or unemployed workers may experience a fall in
their skills, leading to a persistent or even a permanent fall in employment
and output. Fatas and Summers (2016b) argue that one should think about
a broader concept of hysteresis that allows a temporary downturn to affect
productivity and capital accumulation dynamics, thereby creating a much
stronger connection between recessions and long-term output. Reifschneider
et al. (2015) and Anzoategui et al. (2016) indeed find that recessions cause
damage to productivity and capital accumulation. Anzoategui et al. (2016)
develop a New Keynesian DSGE model with endogenous total factor pro-
ductivity (TFP) that allows for the costly development and adoption of new
technologies. They find that, in the recent U.S. productivity slowdown, TFP
declined by roughly 5 percentage points relative to the trend. The endoge-
nous component explains 4.75 percentage points of the slowdown and most
of the 7 percentage points decline in labor productivity.
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The main contribution of this paper is to analyze the implications of
hysteresis for the conduct of fiscal policy in a New Keynesian DSGE model.
In particular, we investigate the consequences of hysteresis for the output
multiplier of fiscal policy and the welfare multiplier of fiscal policy, defined as
the consumption equivalent change in welfare for one dollar change in public
spending. The findings of Anzoategui et al. (2016) suggest that endogenous
changes in TFP caused by a fall in demand is the most important factor of
hysteresis. To model endogenous changes in TFP, we add a simple learning-
by-doing mechanism into the production function, following the formulation
of Tervala (2013), based on the idea of Chang et al. (2002). They assume skill
accumulation through past work experience, such that employment today
affects future TFP. We assume, unlike Chang et al. (2002) and Tervala
(2013), that fluctuations in employment can affect TFP quasi-permanently.
We use a two-country model in order to have an entirely demand-driven
source for a recession and assume that a foreign time preference shock drives
the domestic economy into a recession.
Our first main finding is that the introduction of hysteresis—a hysteresis-

like response of productivity—raises the net present value fiscal multiplier
(NVPM), the sum of output over a certain time horizon discounted at the
steady state interest rate divided by public spending calculated in the same
way, from 0.8 to 4.5 under the benchmark parameterization. A common ar-
gument against accommodative fiscal policy is that (short-term) fiscal output
multipliers are low. However, the main benefit of fiscal policy in the presence
of hysteresis is to limit, by reducing the depth of a recession, the damage of
a recession to the long-term level of productivity and, thus, output. Conse-
quently the NVPM is very large.
The most directly related paper is Rendahl (2016), who analyzes the

effi cacy of fiscal policy in a liquidity trap in a model with hysteresis-like
movements in the unemployment rate. In his model, fiscal expansion lowers
the unemployment rate both in the present and in the future. Consequently,
the influence of demand on aggregate supply increases the fiscal multiplier,
which he finds to be in the range of 0.8 to 1.8. Our results are in line
with Rendahl (2016); however, the influence of demand on aggregate supply
through productivity seems to increase the effi cacy of fiscal policy much more.
Moreover, our results do not rely on the liquidity trap environment.
Our second main finding is that in the absence of hysteresis, the welfare

multiplier of fiscal policy is negative; hysteresis, however, makes it positive.
The welfare multiplier with hysteresis is 2.2, even when public spending does
not provide direct utility to households. So one dollar spent by the gov-
ernment raises domestic welfare by the equivalent of 2.2 dollars of private
consumption. The reason for the positive welfare multiplier is that counter-
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cyclical fiscal policy diminishes the damage of a recession to the long-term
level of private consumption. Rendahl (2016) finds that the welfare multi-
plier is at most 0.7, when public spending is pure waste. He also finds that if
the duration of a rise in public spending is short, relative to the duration of
the liquidity trap, welfare multipliers turn negative. In our case, where the
influence of demand on aggregate supply is modelled through productivity,
welfare multipliers are always positive. Therefore, the view that accommoda-
tive fiscal policy does not necessarily increase welfare, even when fiscal output
multipliers are large (see e.g. Bilbiie et al. 2014 and Mankiw and Weinzierl
2011), is not valid in the presence of hysteresis.
The rest of the paper is organized as follows. Section 2 introduces the

model. Section 3 discusses the parameterization of the model. Section 4
studies the output and welfare multipliers of fiscal policy. Section 5 concludes
the paper.

1 Model

We use a New Keynesian open-economy model with two countries: home and
foreign. The size of the world population is normalized to 1 and a continuum
of firms and households are indexed by z ∈ [0, 1]. A fraction n (1 − n) of
them are domestic (foreign).

1.1 Households

All households have identical preferences. The utility function of the repre-
sentative domestic household is (if equations are symmetric across countries
we present only domestic equations)

Ut (z) = Et

∞∑
s=t

βs−tεTPs

[
logCs −

(`s (z))

1 + 1
ϕ

1+ 1
ϕ

+ ν logGs

]
, (1)

where E is the expectation operator, β is the discount factor, εTPt is a time
preference shock that affects the intertemporal substitution of households,
Ct is a private consumption index, `t(z) is the labor supply, ϕ is the Frisch
elasticity of labor supply, Gt is a public consumption index, and ν is the
weight of public consumption relative to private consumption. The private
consumption index is

Ct =
[
(αn)

1
ρ (Ch

t )
ρ−1
ρ + (1− αn)

1
ρ (Cf

t )
ρ−1
ρ

] ρ
ρ−1

, (2)
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where Ch
t and C

f
t , respectively, are indexes of domestic and foreign goods,

αn (0 < αn < 1) is the share of domestic goods in the consumption basket
(α > 1 captures the degree of home bias in consumption) and ρ > 0 measures
the elasticity of substitution between domestic and foreign goods (the cross-
country substitutability, for short).1 The public consumption indexes are
identical to the private consumption ones.
The consumption indexes of the different types of domestic Ch

t and foreign
goods Cf

t are

Ch
t =

n− 1
θ

n∫
0

(cht (z))
θ−1
θ dz

 θ
θ−1

, Cf
t =

(1− n)−
1
θ

1∫
n

(cft (z))
θ−1
θ dz


θ
θ−1

,

where cht (z) (cft (z)) is the consumption of differentiated domestic (foreign)
good z by the domestic household and θ > 1 is the elasticity of substitution
between goods produced in the same country (the within-country substi-
tutability, for short).
The private demand functions for the domestic and foreign goods by

domestic and foreign households are (the demand functions by governments
are defined in an analogous way)

cht (z) =

[
pht (z)

P h
t

]−θ [
P h
t

Pt

]−ρ
αCt,

cft (z) =

[
pft (z)

P f
t

]−θ [
P f
t

Pt

]−ρ [
1− αn
1− n

]
Ct,

c∗ht (z) =

[
p∗ht (z)

P ∗ht

]−θ [
P ∗ht
P ∗t

]−ρ
α∗C∗t ,

c∗ft (z) =

[
p∗ft (z)

P ∗ft

]−θ [
P ∗ft
P ∗t

]−ρ [
1− α∗n
1− n

]
C∗t .

pht (z) and pft (z) show, respectively, the domestic currency price of domestic
and foreign goods. P h

t and P f
t are the price indexes that correspond to

domestic and foreign aggregate consumption baskets Ch
t and C

f
t . All price

indexes are expressed in local currency terms, and foreign currency price

1The foreign consumption index is C∗t =
[
(αn∗)

1
ρ (C∗ht )

ρ−1
ρ + (1− αn)

1
ρ (C∗ft )

ρ−1
ρ

] ρ
ρ−1

,

asterisks show consumption by the foreign household. Home bias in consumption requires
α∗ < 1.
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indexes are denoted with an asterisk. For instance, the foreign currency
price of a domestic good is p∗ht .
The domestic price indexes are as follows:

P h
t =

[
n−1
∫ n

0

pht (z)1−θ dz

] 1
1−θ

, P f
t =

[
(1− n)−1

∫ 1

n

pft (z)1−θ dz

] 1
1−θ

Pt =
[
αn(P h

t )1−ρ + (1− αn)(P f
t )1−ρ

] 1
1−ρ

. (3)

The budget constraint of the domestic household, in nominal terms, is

Dt = (1 + it)Dt−1 + wt`t − PtCt + πt − PtTt. (4)

Dt is nominal bonds, which pays one domestic currency in period t+ 1, held
at the end of period t, it is the nominal interest rate on bonds between t− 1
and t, wt is the nominal wage, πt is the nominal profits/dividends of domestic
firms, and Tt is lump-sum taxes.
The domestic bond is the only internationally traded asset and its global

asset market-clearing condition is nDt + (1 − n)D∗t = 0. The foreign bond
(F ∗) that denominated in the foreign currency can be held only by the for-
eign household. Because the foreign country has only the representative
household, the net supply of them is zero.
The budget constraint of the foreign household is

D∗t
St

+F ∗t = (1 + it−1)
D∗t−1
St

+ (1 + i∗t−1)F
∗
t−1 +w∗t `

∗
t −P ∗t C∗t + π∗t −P ∗t T ∗t . (5)

As e.g. in Bergin (2006), we assume a risk premium for the uncovered
interest rate parity (UIP) that depends on the country’s net external debt
level. The risk premium forces the debt to converge back to zero in the long
term. The UIP condition is

(1 + it) = (1 + i∗t )
St+1
St

+ ψ(exp(Dt)− 1), (6)

where ψ(exp(Dt)− 1) is the risk premium.
The household’s optimality conditions are:

β(1 + it)Et

(
εTPt+1PtCt

εTPt Pt+1Ct+1

)
= 1, (7)

`t(z) =

(
wt
CtPt

)ν
. (8)

Equation (7) is the Euler equation for optimal consumption. Equation (8)
governs the labor supply.
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1.2 Firms

Martin et al. (2015) show that severe recessions have sizable effects on the
level of output relative to pre-recession trend and that even normal reces-
sions have permanent, but smaller, effects. They also show that after nor-
mal recessions, the employment rate and total hours worked return to their
pre-recession trends, whereas labor productivity (they do not analyze TFP)
shows a highly persistent or even permanent fall. It does not show any signs,
6 years after the start of the recession, that it would start to converge back
to its pre-recession trend. Anzoategui et al. (2016) find that endogenous
changes in TFP explain most of the drop in labor productivity during and
after the Great Recession. Motivated by these findings, we focus exclusively
on hysteresis caused by endogenous changes in TFP and—in order to keep
the model as simple as possible—ignore capital deepening and hysteresis in
employment. Our way of modelling the influence of demand on aggregate
supply only through TFP yields a realistic extent of hysteresis.
All firms produce a differentiated good. The production function is

yt (z) = at(z)`t (z) , (9)

where yt (z) is the total output of firm z, at(z) is the level of TFP and `t (z)
is the labor input used by the firm. The production function without capital
and constant returns to labor imply that labor productivity is simply the
level of TFP (yt(z)/`t(z) = at(z)`t (z) /`t = at(z)).
We use a simple way of modeling hysteresis. Chang et al. (2002) assume

a simple skill accumulation mechanism through learning by doing, in which
the skill level accumulates over time depending on past employment and that
the skill level raises the effective unit of labor supplied by the household.
Following this, Tervala (2013) assumes that the level of TFP accumulates
over time according to past employment. As in Tervala (2013), the level of
TFP evolves according to the following log-linear equation:

ât(z) = φât−1(z) + µˆ̀
t−1 (z) , (10)

where 0 ≤ φ ≤ 1 and µ are parameters. Percentage changes from the initial
steady state are denoted by hats (for instance, ât = dat/a0, where the sub-
script zero denotes the initial steady state). Equation (10) highlights that
a change in the current employment changes the level of TFP in the next
period, with an elasticity of µ. The change in the level of TFP may not be
permanent, because the level of TFP depreciates over time at the rate of
1− φ. If φ = 1, then the level of TFP shifts permanently when employment
changes. In this case, temporary shocks have a permanent effect on the equi-
librium level of output, meeting the requirement for hysteresis. If φ < 1,
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then temporary shocks have a persistent, but not permanent, effect on the
level of TFP and output. We set φ = 0.99, which implies that the response of
TFP is quasi-permanent. Reifschneider et al. (2015) use a quite similar way
of modelling hysteresis, as they assume that TFP today depends on its value
in the previous period and the difference between the natural rate of unem-
ployment and the actual rate of unemployment in the previous period. In
addition, they assume a hysteresis-like response of TFP by assuming φ < 1.
Figure 1, which shows U.S. TFP and GDP in 2000-2015, indicates some

support for our view. TFP fell during the Great Recession and GDP and
TFP do not show signs that they would have started to converge back to
their pre-recession trends.
The domestic firm maximizes profits

πt (z) = pht (z) ydt (z)− wt`t (z) , (11)

taking account the production function (9) and the demand curve for its
products

ydt (z) =

[
pht (z)

P h
t

]−θ [
P h
t

Pt

]−ρ
αn(Ct+Gt)+

[
pht (z)

StP ∗ht

]−θ [
StP

∗h
t

StP ∗t

]−ρ
(1−n)α∗(C∗t +G∗t ).

Under flexible prices, the domestic firm maximizes profits, equation (11),
with respect to pht (z). The solution is

pht (z) =
θ

θ − 1

wt
at(z)

. (12)

Following Calvo (1983), each firm may reset its price only with a proba-
bility of 1− γ in any given period, independent of the time passed since the
last price adjustment. The domestic firm seeks to maximize the discounted
present value of expected real profits

max
pht (z)

Vt (z) = Et

∞∑
s=t

γs−tQt,s
πs (z)

Ps
,

where ζt,s is a stochastic discount factor between periods t and s. The solu-
tion is

pht (z) =
θ

θ − 1

Et
∑∞

s=t γ
s−tζt,sQs

ws
as(z)

Et
∑∞

s=t γ
s−tζt,sQs

, (13)

where

Qs =

(
1

P h
s

)−θ (
P h
s

Ps

)−ρ
αn

(
Cs +Gs

Ps

)
+

(
1

SsP ∗hs

)−θ (
P h
s

SsP ∗s

)−ρ
(1−n)α∗

(
C∗s +G∗s
Ps

)
.

8



The log-linear version of equation (13) is a handy way to interpret it

p̂ht (z) = βγEtp̂
h
t+1(z) + (1− βγ)(ŵt − ât(z)).

The change in the optimal price is the weighted average of the changes in
current and future nominal marginal costs. A fall in the level of productivity
raises the optimal price.

1.3 Fiscal and Monetary Policy

We assume the simplest possible way to model public spending: taxes are
non-distortionary, as in Rendahl (2016), and the government budget is bal-
anced. The government budget constraint, in per-capita and real terms, is
expressed as

Tt = Gt. (14)

We assume that public spending follows an exogenous AR (1) process

Ĝt = ρGĜt−1 + εGt ,

where ρG ∈ [0, 1] and εGt is a white-noise process with zero mean that repre-
sents an unanticipated change in public spending.
Furman (2016) argues that the new view of fiscal policy is that fiscal policy

is a beneficial complement to monetary policy when low interest rates limit
conventional monetary policy. DeLong and Summers (2012) find that even
a small amount of hysteresis makes expansionary fiscal policy very beneficial
and even likely to be self-financing at the zero lower bound. Our intention
is to analyze whether hysteresis, which seems to also be relevant in normal
recessions, renders accommodative fiscal policy beneficial also outside the
zero lower bound. Therefore, the central bank does not face the zero lower
bound.
The use of the standard Taylor rule implies that the model must be

stationary. A hysteresis-like response of productivity implies that the model
is "quasi-non-stationarity". Therefore, we assume a pure inflation targeting
rule. The central bank adjusts the interest rate in response to the deviations
of inflation from the zero inflation target, according to a log-linear interest
rate rule with interest rate smoothing:

ı̂t = (1− µ1)µ2∆P̂t + µ1ı̂t−1,

where coeffi cients µ1 and µ2 are non-negative, and ∆ is the first difference
operator.
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1.4 Symmetric Equilibrium

The consolidated budget constraint of the home economy is derived with
equations (4), (11) and (14)2

Dt − (1 + it)Dt−1 = pht (z) yt (z)− PtCt − PtGt.

We log-linearize the model around a symmetric steady state where initial
net foreign assets are zero. For simplicity, public spending is zero in the
initial steady state and the initial level of productivity is normalized to one.
Equations (8), (9) and (12) imply that the initial level of employment is

`0(z) = y0 = C0 =

(
θ − 1

θ

) 1

1+ 1
ν
.

Equilibrium is a sequence of variables that clear the goods and labor
markets in both countries every period, while satisfying pricing rules and
intertemporal budget constraints.

2 Parameter Values

Periods represent quarters and the discount factor (β) is set to 0.99. The
relative size of the home country (n) is set to 0.5. The home bias parameter in
domestic consumption (α) is set to 1.5. This implies that the import-to-GDP
ratio (1−αn) is equal to 0.25. This matches with the average import-to-GDP
ratio in the OECD countries (World Bank 2016). We assume that the ratio
is identical in both countries, consequently α∗is set to 0.5. In a survey, Keane
and Rogerson (2012) find that the Frisch elasticity of labor supply (ϕ) is at
the macro level in the range of 1 to 2. We set it to 2. Our choice is influenced
by the fact that with this parameter value the size of the cumulative fiscal
multipliers are consistent with the empirical evidence. The baseline value of
the weight of public consumption to relative private consumption (ν) is set
to 0.4, following Song et al. (2012). They argue that the parameter measures
the effi ciency in the provision of public goods. Since the welfare multipliers
of fiscal policy are sensitive to changes in this parameter value, we vary it in
the 0 to 1 range. The within-country substitutability (θ) is set to 9, as in
Gali (2015b). The cross-country substitutability (σ) is set to 1.5, which is
a widely used in international macroeconomics and is consistent with Dong
(2012).

2The foreign equation is n
1−n

Dt
St
− (1 + it) n

1−n
Dt−1
St

= p∗ft (z) y∗t (z)− P ∗t C∗t .
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The risk premium parameter in UIP (ψ) is set to 0.004, based on Bergin
(2006). We set the price rigidity parameter (γ) to 0.75, which is in line with
the estimates of Rabanal and Tuesta (2010). Coeffi cients for the monetary
policy rule are standard: the degree of interest smoothing (µ1) is set to 0.79,
based on Clarida et al. (2000) and the inflation coeffi cient is set to 1.5, based
on Taylor (1993).
We assume that a time preference shock follows an AR (1) process

ε̂TPt = ρTP ε̂t−1 + ε̂TPt .

The persistence of a time preference shock (ρTP ) is set to 0.75, as in Bo-
denstein et al. (2009). We would like to have an external and entirely
demand-driven source for a domestic recession. Therefore, we assume that
a foreign time preference shock (ε̂∗TP ) drives the domestic economy into a
recession. We set it to -5. This causes roughly a one percent fall in domestic
output without fiscal expansion. The persistence of fiscal shocks (ρG) is set
to 0.75, based on the findings of Iwata (2013). We assume that the size of a
domestic fiscal shock (ε̂Gt ) is 0.5% of initial GDP.
We analyze the effects of fiscal policy during recessions and, consequently,

we set the persistence of the changes in the level of TFP (φ) such that
recessions have hysteresis or hysteresis-like effects on TFP and, thus, output.
As discussed earlier, hysteresis requires that φ is one. We, however, set φ
to 0.99 for computational reasons. This generates a hysteresis-like response
of TFP, but it, and the economy, eventually converge back to the initial
steady state. Therefore, our results can be seen as an approximation to
models with truly permanent effects. Reifschneider et al. (2015) use the same
approach and argue that although deep recessions can have a persistent effect
on labor supply, they do not change fundamental determinants of longer-term
conditions in the labor market. The same can be argued about TFP.
A key parameter is the elasticity of TFP with respect to employment (µ),

as it affects the extent of hysteresis. Chang et al. (2002) find the value of 0.11,
which we use. DeLong and Summers (2012) examine the limited evidence on
the extent of hysteresis and argue that the plausible range of their hysteresis
parameter—a proportional reduction in potential output from a temporary
downturn—is between zero and 0.2. Rawdanowicz et al. (2014) analyze em-
pirically the hysteresis parameter—the effect of one percentage point of the
negative output gap on reducing potential output—and find a value of 0.1 for
the U.S. and 0.3 for the euro area. In our model, the proportional reduction
in output in the 20th period, when a foreign time preference shock has, in
practice, died away and prices have adjusted, to first-period output is 0.13.3

3The average without fiscal expansion in the home and foreign country.
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So the parameterization generates a realistic extent of hysteresis.4

3 Fiscal Policy in a Recession

3.1 Output and Welfare Multipliers

The main contribution of our paper is to analyze the consequences of hystere-
sis for the output and welfare multipliers of fiscal policy. Empirical studies
often measure the effectiveness of fiscal policy as the cumulative output mul-
tiplier (CM), which is defined as the cumulative change of output over the
cumulative change of fiscal policy (see e.g. Gechert and Rannenberg (2014)):
CM =

∑
h dYt+h/

∑
h dGt+h. In our model, a foreign time preference shock

drives the home economy into a recession and we analyze the adjustment of
two economies with and without expansionary domestic fiscal policy. The
cumulative output multiplier is calculated as the difference of the cumula-
tive change in output in case with fiscal expansion (denoted by superscript
FE) and without fiscal expansion (denoted by superscript WFE), over the
cumulative change of fiscal policy:

CM =

∑
h Ŷ

FE
t+h −

∑
h Ŷ

WFE
t+h∑

h Ĝ
FE
t+h

.

Several theoretical studies, following the work of Uhlig (2010), calculate
the net present value fiscal multiplier (NPVM), which is the sum of output
over a certain time horizon discounted at the steady state interest rate divided
by public spending calculated in the same way. In our case NPVM is

NPVM =

h∑
s=t

βs−tŶ FE
s −

h∑
s=t

βs−tŶ WFE
s

h∑
s=t

βs−tĜFE
s

.

Sims and Wolff (2014) and Rendahl (2016) define the welfare multiplier
of fiscal policy as the change in aggregate welfare—in consumption equiva-
lent terms—for a one unit change in public spending. Following the idea of
Schmitt-Grohe and Uribe (2007), we first calculate the welfare effect of fiscal
policy as a percentage of consumption that households are willing to pay for
policy A—now the fiscal expansion case—to remain as well off in the policy A
case as in case of alternative policy B—now the case without fiscal expansion.
Second, then we divide this by the change in public spending.

4We run the model using the algorithm of Klein (2000) and McCallum (2001).
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Let UWFE
t denote welfare in case without fiscal expansion, and let

{CWFE
s , GWFE

s , `WFE
s (z)}∞s=t denote the associated private and public con-

sumption and labor supply paths:5

UWFE
t (z) = Et

∞∑
s=t

βs−t

[
logCWFE

s − (`WFE
s (z))

1 + 1
ϕ

1+ 1
ϕ

+ ν logGWFE
s

]
.

The welfare benefit of fiscal expansion relative to the case without fiscal
expansion, denoted by λt, is measured as the fraction of initial consumption
that the domestic household would be willing to pay—assuming that labor
supply is held constant—to be as well off in the fiscal expansion case as in
the case without fiscal expansion. Let UFE

t be the welfare obtained in case
without fiscal expansion. It can be written using the definition of λt as
follows:

UFE
t = Et

∞∑
s=t

βs−t

[
log((1 + λt)C

WFE
s )− (`WFE

s (z))

1 + 1
ϕ

1+ 1
ϕ

+ ν logGWFE
s

]
=

1

1− β log(1 + λt) + UWFE
t .

Solving for λt and multiplying the equation with 100 to express the welfare
benefit as the percentage of consumption we obtain

λt = 100× [exp(1− β)(UFE
t − UWFE

t )− 1]. (15)

Substituting the first-order approximations of the utility function to (15)
yields

λt = 100× [exp((1− β)(
∞∑
s=t

βs−t(ĈFE
s − (`0(z))1+1/ϕ ˆ̀FE

s + νĜFE
s )

−(

∞∑
s=t

βs−t(ĈWFE
s − (`0(z))1+1/ϕ ˆ̀WFE

s + νĜWFE
s )))− 1]. (16)

Equation (16) shows that the welfare benefit of fiscal expansion is the sum
of welfare benefits relative to the case without fiscal expansion discounted at
the steady state interest rate. The welfare multiplier (WM) is the welfare
benefit divided by public spending discounted in the same way:

WMt =
λt

h∑
s=t

βs−tĜs

. (17)

5The calculation of the welfare multiplier is partly based on Ganelli and Tervala (2016).
There are no time preference shocks in the home country. Therefore, we can normalize ε
to one in the welfare calculus.
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Equation (17) measures the consumption equivalent change in welfare for one
dollar change public spending.

3.2 Transmission of Shocks without Hysteresis

Figure 2 plots the dynamic effects of a foreign time preference shock on key
variables in cases without hysteresis (µ = φ = 0). The horizontal axes show
time and the vertical axes typically show percentage deviations from the ini-
tial steady state. The response of inflation is expressed as percentage point
deviations in annual terms. In addition, the difference between the response
of domestic consumption in cases without fiscal expansion and with fiscal
expansion would be hard to see. Therefore, Figure 2(b) shows the differ-
ence between the response of domestic consumption in cases without fiscal
expansion and with fiscal expansion (ĈWFE

t − ĈFE
t ). The real exchange rate,

shown in Figure 2(g), is StP ∗t /Pt. The domestic terms of trade, plotted in
Figure 2(h), is the ratio of domestic export prices to domestic import prices.
Changes in bond holdings of domestic households and public spending, whose
initial values are zero, are expressed as percent deviations from initial steady
state (SS) output. The solid lines depict the case without fiscal expansion,
while the dashed lines depict the case in which domestic public spending is
increased by 0.5% of initial output.

Table 1: Output and Welfare Multipliers
Cumul. Net present Welfare multiplier
multiplier value multipl. ν = 0 ν = 0.4 ν = 1

Without hysteresis
0.7 0.8 -1 -0.6 -0.02

With hysteresis
1.4 4.5 2.2 2.6 3.2

A strong foreign time preference shock causes a reduction in foreign con-
sumption and labor supply, and thus affecting aggregate demand negatively.
These induce a severe recession in the foreign country. Foreign demand for
domestic goods falls and the home country experiences an export-driven re-
cession. A recession in both countries induces deflation. However, the reces-
sion is deeper in the foreign country and, consequently, deflation is stronger in
the foreign country. The real exchange rate of the home country appreciates,
as shown in Figure 2(g).
An increase in the relative supply of domestic goods causes an improve-

ment in the domestic terms of trade. This increases domestic consumption.
A decrease in the foreign bond holdings of domestic households causes a
negative wealth effect on labor supply and an increase in long-term output.
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Table 1 shows the multipliers of fiscal policy. The cumulative output
multiplier is calculated using 16 quarters. NPVM and the welfare multiplier
are calculated using 2,000 periods. Our baseline value for the weight of public
consumption is 0.4, but Table 1 also shows the welfare multipliers in cases in
which ν = 0 and ν = 1.
Figure 2(a) shows that a domestic fiscal shock causes an increase in do-

mestic output relative to the case without fiscal expansion. Table 1 shows
that the cumulative output multiplier is 0.7 and the net present value fiscal
multiplier is somewhat larger (0.8). Our results regarding short-term output
multipliers are within the range of the empirical estimates of Gechert and
Rannenberg (2014) and Ramey and Zubairy (2016). In addition, our results
are in line with Kilponen et al. (2015), who employ fifteen DSGE models to
estimate the size of short-term fiscal multipliers.
The welfare multiplier in the baseline case is -0.6: A one dollar increase

in domestic public spending yields the welfare loss that corresponds to a
0.6 dollars fall in domestic private consumption, i.e. domestic households
are willing to pay 0.6 dollars to avoid a one dollar rise in public spending.
An increase in public consumption increases welfare through its direct effect
on utility. This is, however, more than offset by negative effects. Figure
2(b) shows that private consumption falls because of higher taxes, relative
to the case without fiscal expansion. In addition, a rise in public spending
increases labor supply, relative to the case without fiscal expansion. Table
1 shows that the welfare multiplier becomes practically zero when public
consumption yields as much utility as private consumption (ν = 1).
In the absence of hysteresis, our model is very similar to Ganelli and

Tervala (2016), who find that a rise in public consumption spending reduces
welfare, unless the weight of public consumption is larger than the weight
of private consumption in the utility function. Our welfare results are fully
consistent with their findings.

3.3 Transmission of Shocks with Hysteresis

Figure 3 displays the responses of the main variables to a foreign time prefer-
ence shock in the presence of hysteresis (µ = 0.11 and φ = 0.99). It does not
show inflation, but they behave similar to the previous case. Instead Panels
(e) and (f) of Figure 3 show the changes in TFP. Figure 4 shows domestic
output in the absence and presence of hysteresis and with and without fiscal
expansion.
A foreign time preference shock causes a recession in both countries. A

fall in employment induces a deterioration in the level of productivity, shown
in Figures 2(e) and 2(f). The ratio of the peak deviation in productivity
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from the initial steady state to the peak deviation in output is 0.28 (a one
percent fall in output causes a 0.28% fall in productivity).6 According to
Conference Board (2016) data and our calculations on projections for GDP
and productivity, shown in Figure 1, the ratio of the deviation of actual
productivity from pre-recession trend to the deviation of actual output from
pre-recession trend in the U.S. in 2009 was 0.26.7 This suggests that the
parameterization generates a realistic relationship between recessions and
productivity.
A decline in productivity implies that the fall in domestic and foreign

output in the presence of hysteresis is much more persistent than in the
absence of hysteresis. The solid line of Figure 3(a) shows that without fiscal
expansion, domestic output in the 20th period remains much below the initial
level, even if the foreign shock has died away and the negative wealth effect
tends to increase labor supply. A temporary demand-driven recession, which
causes a fall in employment, deteriorates the equilibrium level of output by
causing a fall in productivity. For the sake of comparison, in the absence of
hysteresis and fiscal expansion, domestic output is above the initial level in
the 20th period due to the negative wealth effect on the labor supply.
Figure 3(a) shows that in the case with fiscal expansion, the fall in domes-

tic output is smaller. In the short term, fiscal expansion stimulates demand,
but the benefits of fiscal expansion last much longer than the demand ef-
fect. In the case with fiscal expansion, a fall in employment is smaller and,
consequently, the level of productivity deteriorates less, as shown in Figure
3(e). Thus the effect of fiscal expansion on productivity is positive which im-
plies that the long-term level of output is higher. This implies much higher
long-term output multipliers.
Fatas and Summers (2016a) find that fiscal consolidations after the Great

Recession caused both a temporary loss in output and permanent damage
to potential output. Standard DSGE models are unable to explain perma-
nent output losses, whereas our model can explain the persistent or even
permanent effects of fiscal policy on potential output. The idea that fiscal
policy can affect TFP is not new, but the dominant view focuses exclusively
on the consequences of the composition of public spending and taxation on
TFP growth in the long term (see Everaert et al. 2015 and IMF 2015). In
a rare paper, Linnemann et al. (2016) analyze the effects of fiscal policy on
labor productivity from a business-cycle perspective and find that a positive
spending shock increases labor productivity.

6In comparison, in Reifschneider et al. (2015) the ratio is roughly 0.1.
7According to Conference Board (2016) data and our calculations, shown in Figure 4,

the same ratio in the euro area in 2014 was 0.24.
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Table 1 shows that the cumulative output multiplier is 1.4 in the presence
of hysteresis. IMF (2012) finds that the cumulative output multiplier of a
positive spending shock in the case of a negative output gap is 1.2. Auerbach
and Gorodnichenko (2012) find that fiscal multipliers are between 1 and 1.5
in recessions. So our result is in the range of empirical estimates that are
relevant for the question at hand. Table 1 also shows that the NPVM (4.5)
is considerably greater than the cumulative multiplier (1.4). Figure 3(j)
illustrates that after 20 periods, public spending has, in practice, returned
to zero. However, the difference in domestic outputs, shown in Figure 3(a),
depending on whether public spending is increased or not, is notable.
A typical argument against accommodative is that fiscal multipliers are

low. Ramey and Zubairy (2016) argue that if fiscal multipliers are below
unity, that implies that fiscal expansion does not stimulate private activity
and that fiscal consolidation cannot do much harm to the private sector.
The results of our paper suggest that the main benefit of fiscal expansion
in a recession is to mitigate the adverse consequences of a recession for the
long-term level of output. Consequently, the focus on short-term output
multipliers as the main indicator of the effectiveness of fiscal policy in a
recession may be misleading. In addition, Figure 3(b) shows that a rise in
public spending—in the presence of hysteresis—increases private consumption
in the medium and long term, relative to the case without fiscal expansion.
The crowding-out of private consumption is a short-lived phenomenon.
Rendahl (2016) studies the effectiveness of fiscal policy in a liquidity trap

using a model with persistent—hysteresis-like—movements in the unemploy-
ment rate. He finds that a rise in public spending lowers the unemployment
rate in the present and in the future. Therefore, the influence of demand
on aggregate supply through unemployment increases the fiscal output mul-
tiplier, which he finds to be in the range of 0.8 to 1.8. Our results are in
line with Rendahl (2016), but they suggest that the influence of demand on
aggregate supply through productivity seems to increase output multipliers
much more.
In our model, the NPVM is considerably higher in the presence of hys-

teresis (4.5) than in the absence of it (0.7). Uhlig (2010) argues that fiscal
policy has potentially drastic long-term consequences. In his model a deficit-
financed rise in public spending stimulates output in the short term. The
tax increases necessary to repay the increased public debt then hamper the
economy considerably. We acknowledge that our model’s limitation is that
taxes are non-distortionary. Our model, however, shows that the potential
long-term benefits of accommodative fiscal policy during recessions can be
substantial due to hysteresis that is ignored in DSGE macroeconomics.
In the presence of hysteresis, Table 1 shows that the welfare multiplier is

17



above 2, even if public spending is pure waste (ν = 0). In the baseline case
(ν = 0.4), the welfare multiplier is 2.6, implying that one dollar spent by
the public raises domestic welfare by the equivalent of 2.6 dollars of private
consumption. An increase in domestic public spending reduces domestic
private consumption in the short term because of higher taxes. After a
while, the higher tax burden ends. As mentioned, a key benefit of fiscal
expansion is that it limits the damage of a recession to long-term output.
Therefore, a rise in public spending increases domestic private consumption
relative to the case without fiscal expansion, as shown in Figure 3(b). The
positive effect of fiscal expansion on private consumption in the medium and
long term explains the positive welfare multiplier.
Rendahl (2016) finds that the welfare multiplier is in the range of -0.4

and 0.7 in cases where public spending does not provide direct utility to
households. He shows that if the duration of a rise in public spending is
short, relative to the duration of liquidity trap, the welfare multipliers are
negative. In Section 4.4, we analyze the sensitivity of our welfare results with
respect to the persistence of a fiscal shock and find different results.
Woodford (2011) shows the output multiplier in New Keynesian models

depends crucially on monetary policy. He shows that the output multiplier
can be well in excess of one at the zero lower bound. In this case, a rise
in public consumption, which provides direct utility to households, which
partially fills the output gap that arises from the inability to lower interest
rates, increases welfare, because it does not crowd out private consumption.
Bilbiie et al. (2014) find that, when public spending does not provide direct
utility, expansionary fiscal policy is by and large welfare decreasing. Our
paper highlights that in the presence of hysteresis, fiscal expansion increases
welfare considerably, even if the central bank does not face the zero lower
bound.

3.4 Robustness Checks

3.4.1 Varying Key Parameters

First, we check the sensitivity of the main results to changes in key parameter
values. Chetty et al. (2013) claim that in macro models the Frisch elasticity
should be set to 0.5. Table 2 shows multipliers in case where it is set to 0.5;
the numbers in parentheses show the baseline results. Table 2 shows that
the welfare multipliers are always negative in the absence of hysteresis, even
if the output multipliers change quantitatively. The reason for the decrease
in the output multipliers, compared with the baseline case, is the weaker
response of the labor supply to the increase in demand. The finding that
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the welfare multiplier of fiscal policy is negative in the absence of hysteresis
is robust to changes in the Frisch elasticity. In the presence of hysteresis,
the output and welfare multipliers both fall considerably when the Frisch
elasticity is reduced to 0.5.

Table 2: Multipliers with a low Frisch elasticity
Cumul. Net present Welfare multiplier
multiplier value multipl. ν = 0 ν = 0.4 ν = 1

Without hysteresis
0.4 (0.7) 0.5 (0.8) -1 (-1) -0.6 (-0.6) -0.01 (-0.02)

With hysteresis
0.9 (1.4) 2.9 (4.5) 1.1 (2.2) 1.5 (2.6) 2.0 (3.2)

Second, we analyze the sensitivity of our main results to changes in other
key parameter values in the presence of hysteresis. Table 3 presents multi-
pliers in the presence of hysteresis with row 1 replicating the baseline result.
The second column shows the parameters used in the sensitivity analysis and
the respective values of the baseline parameterization are shown in brackets.

Table 3: Varying Key Parameters in the Presence of Hysteresis
Row Parameter Cumul. NPVM Welfare Multiplier

multipl. (ν = 0) (ν = 0.4)
1 Baseline 1.4 4.5 2.2 2.6
2 µ = 0.06 (0.11) 1.1 2.9 0.8 1.2
3 µ = 0.15 (0.11) 1.6 5.8 3.2 3.6
4 φ = 0.96 (0.99) 1.3 2.3 0.3 0.7
5 φ = 0.8 (0.99) 1.0 1.2 -0.7 -0.3
6 σ = 3.0 (1.5) 1.3 4.5 2.6 3.0
7 ρG = 0.9 (0.75) 1.2 4.4 2.2 2.6
8 ρG = 0.6 (0.75) 1.5 4.6 2.2 2.6

Rows 2-5 show modifications of the properties of the production function.
In row 2, the elasticity of productivity with respect to employment, µ, is
reduced from the baseline value of 0.11 to 0.06. A lower value of µ implies
a weaker effect of employment changes on productivity. This reduces the
cumulative output multiplier from 1.4 to 1.1 and the NPVM from 4.5 to 2.9.
The welfare multipliers fall but remain positive. Chang et al. (2002) find
estimates for µ of 0.11 and 0.15. This suggests that for realistic values of µ,
high output and welfare multipliers are reasonable. Row 3 shows multipliers
in case where µ is increased to 0.15. In this case, the ratio of the peak
decline in productivity to the peak decline in output increases from 0.28 to
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0.37. This is much higher than the observed ratio during the Great Recession
in the U.S. (0.26). So this alternative parameterization may overestimate the
effect of a recession and fiscal policy on productivity.
In rows 4 and 5, the persistence of the level of productivity (φ) is reduced

to 0.96 and 0.8, respectively, from 0.99. The former parameter value is
used in Reifschneider et al. (2015). The latter value is consistent with the
estimate of Chang et al. (2002), who use micro-level data from 1953-1997.
It is, however, questionable whether the estimate of Chang et al. (2002)
is relevant for recessions. The assumption that φ = 0.8 does not generate
a hysteresis-like response of output, because productivity converges rapidly
back to the initial steady state (0.820 ≈ 0.01). This is inconsistent with
the empirical evidence showing that recessions have permanent or highly
persistent effects on output.
Welfare multipliers depend crucially on the persistence of productivity:

In the case where φ = 0.8 the welfare multipliers turn negative. A fall in the
persistence of productivity has a sizable effect on NPVM, and in the case of
φ = 0.8, it falls to 1.2. The positive welfare multipliers require that fiscal
expansion limits the damage of a recession to the long-term level of output to
the extent that it crowds in private activity in the medium and long term for
a suffi ciently long time. We conclude that a high persistence of productivity
is needed for the positive welfare effects. Accommodative fiscal policy makes
sense only if the economy is subject to hysteresis or hysteresis-like effects.
In international macroeconomics, results may be sensitive to the cross-

country substitutability (σ). Feenstra et al. (2014) find that it could be
between 3 and 4. In an alternative setup, presented in row 6, we increase σ
to 3. This increases the welfare multipliers.
In row 7, the persistence parameter of the fiscal shock (ρG) is increased

from 0.75 to 0.9, while in row 8 it is reduced to 0.6. We observe a small
increase in the output and welfare multipliers in a case where the persistence
parameter is low. This is opposite to the result of Rendahl (2016). He finds
that the welfare multipliers turn negative in the case where the duration of
a fiscal shock is short, relative to the duration of the zero lower bound. In
our model, a short-lived fiscal expansion causes a bigger bang for the buck,
because it mitigates the fall in productivity and output the most effectively.

3.4.2 Complementarity between Private and Public Consumption

Results may depend on the model chosen as a baseline. Next we assume a
utility function in which private and public consumption are complements.
This affects the response of private consumption and output (Ganelli and
Tervala 2009). In the complementarity case, private consumption may rise

20



in response to a fiscal shock, which affects welfare multipliers. The utility
function, equation (1), is now replaced with

Ut (z) = Et

∞∑
s=t

βs−tεTPs

[
log(Cs + κGC

s )− (`s (z))

1 + 1
ϕ

1+ 1
ϕ

+ χ logGC
s

]
. (18)

κ is the marginal rate of substitution between private and public consump-
tion. A positive (negative) κ implies that public and private consumption are
Edgeworth substitutes (complements). We focus on the case of complemen-
tarity and assume that κ is negative. As in Ganelli and Tervala (2009), we
assume that public consumption also has a separable utility impact through
the term χ logGC

s so that the marginal utility of public consumption is always
non-negative.
The household’s optimality conditions are now:

β(1 + it)Et

(
εTPt+1Pt(Ct + κGC

t )

εTPt Pt+1(Ct+1 + κGC
t+1

)
= 1, (19)

`t(z) =

(
wt

(Ct + κGC
s )Pt

)ν
. (20)

Equation (19) implies that the household smooths effective consumption,
defined as Ct + κGC

t . Equation (20) shows that the labor supply depends on
effective consumption. When κ is negative, an increase in GC

t increases the
marginal utility of private consumption, which increases the labor supply.
Substituting the first-order approximations of equation (18) to equation

(15) yields

λt = 100× [exp((1− β)(

∞∑
s=t

βs−t(ĈFE
s − (`0(z))1+1/ν ˆ̀FE

s + (κ+ χ)ĜC,FE
s )

−(

∞∑
s=t

βs−t(ĈWFE
s − (`0(z))1+1/ν ˆ̀WFE

s + ((κ+ χ)ĜC,WFE
s )))− 1].

The model is otherwise identical. We set κ to -0.4, based on Iwata’s (2013)
estimate. We set χ such that the overall weight of public consumption (κ+χ)
relative to private consumption is equal to ν (we set χ to 0.8 in case where
ν = 0.4). Then the direct welfare effect of public consumption is comparable
in different versions of the model. Welfare multipliers do not remain the
same, because complementarity affects private consumption and the labor
supply.
Table 4 shows that multipliers in the complementarity case; the num-

bers in parentheses show the baseline results. In the absence of hysteresis,
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the difference in results compared with the baseline case is that now we ob-
serve higher output multipliers. In the complementarity case, a rise in public
consumption increases the marginal utility of private consumption. This in-
creases the labor supply, and output, compared with the baseline case. Table
4 shows that the welfare multipliers are (virtually) the same. An increase in
private consumption, when compared with the baseline case, increases wel-
fare. This effect is, however, almost completely offset by the welfare loss
caused by an increase in the labor supply. Therefore, the welfare multipliers
remain practically the same.

Table 4: Multipliers: Complementarity Case
Cumul. Net present Welfare multiplier
multiplier value multipl. κ+ χ = 0 κ+ χ = 0.4 κ+ χ = 1

(ν = 0) (ν = 0.4) (ν = 1)
Without hysteresis

1.0 (0.7) 1.1 (0.8) -1 (-1) -0.6 (-0.6) -0.03 (-0.02)
With hysteresis

1.9 (1.4) 6.4 (4.5) 3.5 (2.2) 3.8 (2.6) 4.3 (3.2)

Table 4 shows that complementarity increases welfare multipliers in the
presence of hysteresis. In the complementarity case, a rise in public con-
sumption increases the labor supply, compared with the baseline case, in the
short term. This limits the damage of a recession to long-term productivity
and, thus, output. Therefore, we conclude that the finding that the welfare
multiplier of fiscal policy is positive (negative) in the presence (absence) of
hysteresis is robust to the introduction of complementarity between public
and private consumption.

4 Conclusions for Economic Policy

Empirical studies support the hysteresis hypothesis, according to which re-
cessions have permanent effects on the level of output. The relationship be-
tween recessions and the equilibrium level of output is inadequately modeled
in DSGE macroeconomics. We presented a DSGE model that incorporates
a link between recessions and potential output. Fatas and Summers (2016b)
and Yellen (2016) argue that hysteresis can change the way economists think
about fiscal policy.
Our results suggest that the detrimental effects of fiscal consolidation

in weak economic conditions, where hysteresis is relevant, are considerable.
Gechert et al. (2015) estimate that cumulative discretionary fiscal consoli-
dation measures in the euro area in 2011-2013 were 3.9% of output (2% in
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2011; 1.3% in 2012 and 0.6% in 2013). This estimate and our results on the
effects on output and TFP imply that the euro area’s fiscal consolidation
reduced output and TFP by 4.0% and 0.9%, respectively, relative to the no-
consolidation baseline in 2013. Figure 5 shows that TFP fell in the recession
of the 2010s and it was 1.1% below trend in 2013.8 In addition, output was
4.8% below the trend in 2013. Accordingly, fiscal consolidation may explain
the majority of TFP’s and output’s deviation from the trend in 2013. In
addition, hysteresis implies that the damage of fiscal consolidation is not
limited to the short term because of its substantial medium- and long-term
effects.
Furman (2016) says that the new view of fiscal policy is that discretionary

fiscal policy can be a useful complement to monetary policy in a world with
low interest rates that limit conventional monetary policy. Reifschneider et
al. (2015) study the implications of hysteresis for monetary policy and find
that optimal monetary policy becomes more accommodative in the presence
of hysteresis. Our findings suggest that accommodative fiscal policy becomes
desirable—even in recessions where the central bank does not face the zero
lower bound—when the economy is subject to hysteresis effects; accommoda-
tive fiscal policy is not desirable in the absence of hysteresis due to negative
welfare multipliers. Our findings and those of Reifschneider et al. (2015)
indicate that hysteresis has more profound implications for fiscal policy than
to monetary policy.
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Figure 1: Total factor productivity and GDP in the U.S. (indexes 2007=100),
and their projections based on 1990-2007 trend, source: Conference Board
(2016)

Figure 2: Dynamic responses to a foreign time preference shock without
hysteresis
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Figure 3: Dynamic responses to a foreign time preference shock in the pres-
ence of hysteresis

0 2 4 6 8 10 12 14 16 18 20
1.5

1

0.5

0

0.5

%
 d

ev
. f

ro
m

 S
S

(a) Domestic output

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
4

2

0

%
 d

ev
. f

ro
m

 S
S

(c) Foreign output

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
6

4

2

0
%

 d
ev

. f
ro

m
 S

S
(d) Foreign consum ption

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
0.4

0.2

0

0.2

%
 d

ev
. f

ro
m

 S
S

(e) Dom estic productivity

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
0.6

0.4

0.2

0

%
 d

ev
. f

ro
m

 S
S

(f) For eign pr oductivity

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
0.5

0

0.5

%
 d

ev
. f

ro
m

 S
S

(g) Real exchange rate

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
0.5

0

0.5

1

%
 d

ev
. f

ro
m

 S
S

(h) Domestic ter m s of trade

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
6

4

2

0

%
 d

ev
. f

ro
m

 S
S

 G
D

P

(i) Bond holdings of dom estic households

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
0.2

0

0.2

0.4

0.6

%
 d

ev
. f

ro
m

 S
S

 G
D

P

(j) Dom estic governm ent spending

Without FE
With FE

0 2 4 6 8 10 12 14 16 18 20
0.05

0

0.05

0.1

%
p

oi
nt

 d
ev

. f
ro

m
 S

S

(b) Domestic consum ption

Difference between WFE and FE

29



Figure 4: Domestic output without and with hysteresis
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Figure 5: Total factor productivity and GDP in the euro area (indexes
2008=100), and their projections based on 1990-2008 trend, source: Con-
ference Board (2016)
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