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1 Introduction

The benchmark model of inflation dynamics in New Keynesian models is now the New Keynesian

Phillips curve. Within this context, there has been considerable discussion of whether there is

in addition some inflation persistence: i.e. whether past inflation as well as expected future

inflation influences current inflation. There is a large body of empirical evidence on this (see

Gali and Gertler (1999), Benigno and Lopez-Salido (2006), Mehra (2004) among many others):

while no clear consensus has emerged, it seems reasonable to say that there is general agreement

that some persistence exists, but estimates of its extent vary widely. There have also been

a number of attempts to microfound this type of persistence (Steinsson (2003), Amato and

Laubach (2003)).

If inflation persistence is important empirically, how much will this influence what policy

makers do? Here it is useful to distinguish between changes in policy that are qualitative and

quantitative. There is no doubt that adding inflation persistence will influence optimal policy in

a quantitative way. As Clarida et al. (1999) among others have noted, and we illustrate below,

when inflation is more persistent any policy reaction is likely to be more aggressive. However

does inflation persistence influence the character of what monetary policy might do?

In terms of the benchmark New Keynesian model, the answer appears to be no. For example,

in their survey of optimal monetary policy in New Keynesian models under discretion, Clarida

et al. (1999) state ‘Results 1 through 4 that describe optimal monetary policy under discretion

within the baseline model also apply in the case with endogenous output and inflation persis-

tence’.1 In his discussion of inflation persistence, Woodford (2007) concludes ‘policy advice that

would be derived from an assumption that inflation dynamics under alternative policies will be

correctly predicted by the NKPC under the assumption of rational expectations remains sound

advice, despite the limitations of the simple model as an account of recent historical experience

with inflation.’2

It might be tempting to (mis)read these results as implying that inflation persistence will

never change the character of policy in a fundamental way. In this paper we present two examples

where the presence of inflation persistence could influence the qualitative nature of policy. In

the first case, the desirability of a monetary policy regime comes under question when extensive

1Results 1-4 are that there is a short run output inflation trade-off, that policy involves flexible inflation
targeting, the Taylor Principle, and offsetting demand shocks but accommodating supply shocks.

2The advice Woodford has in mind is that a central bank should commit itself not to allow shocks of any kind
to disturb the projected path of the output-gap-adjusted price level, which is the optimal target criterion derived
from the standard NKPC.
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inflation persistence exists. In the second, the direction in which interest rates move following a

cost push shock changes when inflation persistence becomes important. In both cases, inflation

persistence is central to the process influencing policy.

Both our examples are generalisations of a basic New Keynesian closed economy model,

which we set out in the next section. We model inflation persistence using the framework set

out in Steinsson (2003). Our first extension (Section 3) takes this closed economy model and

applies it to a (small) member of a monetary union, or equivalently to a small open economy

under fixed exchange rates. We show that if the majority of price setters are backward looking,

then this economy will exhibit severe cycles following an idiosyncratic shock. Given the number

of major economies that are now members of a monetary union, this is a potentially important

result.

Our second example (Section 4) moves back to a closed economy, but adds fiscal policy and

debt to the model in a non-trivial way. We look at an economy where government spending is

valued by consumers as providing public goods, but where it is also used as one of the instruments

that a benevolent policy maker can use to stabilise the economy (including debt). Lump sum

taxes cannot be varied in response to shocks. We replicate a result due to Leith and Wren-Lewis

(2007), that under discretion debt will be returned to its pre-shock level. We then report on a

result in Stehn and Vines (2007) and show that following a positive cost-push shock, interest

rates may initially fall rather than rise. We argue that this potentially counter-intuitive result

depends on the forward looking nature of the NKPC, and we show that it disappears once we

have inflation persistence. In this example, therefore, inflation persistence changes the direction

of the response of monetary policy to a shock.

Our two examples are quite different, both in the way that they extend the basic New

Keynesian model, and in the way that inflation persistence becomes important. In the open

economy case, inflation persistence might call into question the desirability of a fixed exchange

rate/monetary union regime. In the case where we add fiscal policy, the direction of response of

monetary policy changes in a qualitative way. In a final section we conclude not only that the

examples illustrate why inflation persistence is important, but we also note a common feature

that these two apparently very different extensions of the basic model share.

2 The Steinsson model

In this section we outline a simple closed economy model that includes inflation persistence,

which is due to Steinsson (2003). This serves two purposes. First, our two later models are
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extensions of this set-up, and so we avoid repeating derivations of equations in these extensions.

Second, we use this model to illustrate the idea that in this basic model, inflation persistence

influences the optimal response to shocks in a quantitative but not a qualitative way.

2.1 Consumers

Our economy is inhabited by a large number of individuals, who specialize in the production

of a differentiated good (indexed by z), and who spend h(z) of effort in its production. They

consume a basket of goods C. Individuals’ maximization problem is

max
{Csv ,h

s
v}
∞
v=t

Et

∞∑

v=t

βv−t [u(Cv)− v(hv(z))] (1)

The price of a differentiated good z is denoted by p(z), and the aggregate price level is P. An

individual chooses optimal consumption and work effort to maximise this criterion (1) subject

to the demand system and the intertemporal budget constraint:

PtCt + Et (Qt,t+1At+1) ≤ At +wt(z)ht(z) + Πt(z) (2)

where PtCt =
∫ 1
0 p(z)c(z)dz is nominal consumption, At are nominal financial assets of a house-

hold and Πt is profit. Here w is the wage rate, and τ a tax rate on labour income. Qt,t+1 is

the stochastic discount factor which determines the price in period t to the individual of being

able to carry a state-contingent amount At+1 of wealth into period t + 1. The riskless short

term nominal interest rate it has the following representation in terms of the stochastic discount

factor:

Et(Qt,t+1) =
1

(1 + it)
.

Each individual consumes the same basket of goods. Goods are aggregated into a Dixit and

Stiglitz (1977) consumption index with the elasticity of substitution between any pair of goods

given by εt > 1 (which is a stochastic elasticity with mean ε
3), Ct =

[∫ 1
0 c

εt−1
εt
t (z)dz

] εt
εt−1

.

We assume no Ponzi schemes and that the net present value of individual’s future income is

bounded. We assume that the nominal interest rate is positive at all times. These assumptions

rule out infinite consumption (either because of infinite future income, or because money would

pay a higher return than bonds) and allow us to replace the infinite sequence of flow budget

3We make this parameter stochastic to allow us to generate shocks to the mark-up of firms.
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constraints of the individual by a single intertemporal constraint:

Et

∞∑

v=t

Qt,vCvPv = At + Et

∞∑

v=t

Qt,v (wv(z)hv(z) + Πv(z)) .

We assume the specific functional form for utility from consumption component, u(Cv) =
(Cv)

1−1/σ

1−1/σ . This household optimisation problem leads to the following consumption Euler equa-

tion:

Ct = Et

((
1

β

Pt+1
Pt

Qt,t+1

)σ
Ct+1

)
. (3)

We linearise equations (3) around the steady state (for each variable Xt with steady state value

X, we use the notation X̂t = ln(Xt/X)). Equation (3) leads to the following Euler equation

(intertemporal IS curve):

Ĉt = Et
(
Ĉt+1

)
− σ (̂ıt − Etπ̂t+1) (4)

Inflation is πt =
Pt
Pt−1

− 1 and we assume inflation is zero in equilibrium.

2.2 Firms and Price Setting

Price setting is based on an extension to Calvo contracting set out in Steinsson (2003). Each

period agents recalculate their prices with fixed probability 1 − γ. If prices are recalculated,

then a proportion of agents ω use a backward looking rule of thumb to reset prices, while the

remainder calculate the optimum price. If prices are not recalculated (with probability γ), they

rise at the average rate of inflation.

We use an asterisk to denote those firms that do reset their price. Their average price set

is a weighted average of forward and backward-looking components: P ∗t =
(
PFt
)1−ω (

PBt
)ω
.

Backward-looking agents set their prices PBt according to the rule of thumb:

PBt = P ∗t−1Πt−1

(
Yt−1
Y nt−1

)δ
(5)

where: Πt = Pt/Pt−1 and Y nt is the flexible-price equilibrium level of output (defined later).

The forward-looking agents are able to solve the first order conditions for profit maximization

and obtain an optimal solution PFt , see Rotemberg and Woodford (1997). For the rest of the

sector the price will rise at the steady state rate of domestic inflation Π with probability γ,

Pt = ΠPt−1. For the sector as a whole, the price equation can be written as:

Pt =
[
γ(ΠPt−1)

1−εt + (1− γ)(1− ω)(PFt )
1−εt + (1− γ)ω(PBt )

1−εt
] 1

1−εt . (6)
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All optimising producers reset prices in period t according to the following approximate

(log-linear) rule:

pFHt = (βθ)Etp
F
Ht+1 + (1− βθ) (mct + pHt) (7)

This is formula (B.2) in Steinsson (2003). To determine marginal costs we assume that the

production function for good z is yt(z) = ht(z) and the cost of supplying a good is given as

ws(z)hs(z). So the (nominal) marginal cost is determined as:

St(z) =
∂Cost(z)

∂yt
= wt(z) =

vy(yt(z))

uC(Ct)
Pt. (8)

The formula for the log-linearised real marginal cost is then

mct =
1

ψ
Ŷt +

1

σ
Ĉt. (9)

Steinsson (2003) has shown that (formula (A.3))

pBHt = (1− ω)
(
pFHt−1

)
+ ω

(
pBHt−1

)
+ πH,t−1 + δyt−1 (10)

and average inflation is defined as

πHt =
(1− γ)

γ
((1− ω)pFHt + ωpBHt − pHt) (11)

Manipulations with formulae (7), (10) and (11) (see Steinsson (2003), formulae (A.5), (A.3)

and (A.1)) lead to the following inflation equation

π̂t = χfβEtπ̂t+1 + χbπ̂t−1 + κcĈt + κy0Ŷt + κy1Ŷt−1 + µ̂t (12)

where the shock µ̂t is a mark-up shock . The coefficients of the Phillips curve are:

χf =
γ

γ + ω(1− γ + γβ)
, χb =

ω

γ + ω(1− γ + γβ)
,

κc =
(1− γβ)(1− γ)(1− ω)ψ

(γ + ω(1− γ + γβ)) (ψ + ε)σ
, κy1 =

(1− γ)ω

γ + ω(1− γ + γβ)
δ,

κy0 =
(1− γβ)(1− γ)(1− ω)

(γ + ω(1− γ + γβ)) (ψ + ε)
−

(1− γ)γβω

γ + ω(1− γ + γβ)
δ,

δ =
(1− γβ) (ψ + σ)

γσ (ψ + ε)
.

where ψ = vy/vyyy.
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2.3 Aggregate Demand and The Economy as a Whole

We now write down the final system of equations for the ‘law of motion’ of the out-of-equilibrium

economy. As our economy has no government sector, the national income identity is Yt = Ct

and its linearised version:

Ŷt = Ĉt. (13)

We simplify notation by using lower case letters to denote ‘gap’ variables, where the gap is the

difference between actual levels and natural levels i.e. xt = X̂t− X̂
n
t .We omit the expectational

superscript, assuming rational expectations, EtXt+1 = Xt+1 for any variable X.

ct = ct+1 − σ(it − πt+1) (14)

πt = χfβπt+1 + χbπt−1 + κy0yt + κy1yt−1 + µ̂t (15)

yt = ct (16)

The model consists of an intertemporal IS curve (14), the Phillips curve (15), and an aggre-

gate demand equation (16).

2.4 Central Bank’s decisions

The Central Bank’s control variable is the short-term interest rate. We assume that the central

bank explicitly maximises the aggregate utility function:

max
{is}∞s=t

1

2
Et

∞∑

s=t

βs−t
[
u(Cs, ξs)−

∫ 1

0
v(hs(z), ξs)dz

]
. (17)

We show in Appendix A that (17) implies the following loss function

min
{is}∞s=t

1

2
Et

∞∑

s=t

βs−t
[
aππ

2
s + ayy

2
s + d∆π(∆πs)

2 + dyy
2
s−1 + dy∆πys−1∆πs

]
+O(3) (18)

where O(3) collects terms of higher than second order and terms independent of policy. This

quadratic approximation to social welfare is obtained assuming that there is a production subsidy

µw that eliminates the distortion caused by monopolistic competition, again following Steinsson

(2003).

This loss function introduces terms in the change in inflation, and lags in output, compared

to the more traditional alternative. As Steinsson (2003) discusses, if the proportion of backward-

looking price setters (ω) is high, this puts a large weight on stabilising the change in inflation.

The presence of inflation inertia also implies some output smoothing, in that we have a coefficient

on past output. We assume that the central bank acts under discretion.
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Figure 1: Impulse responses to a unit cost-push shock. Solid line — ω = 0, dashed line — ω = 3/4.

2.5 Inflation Persistence has no Qualitative Effect

Figure 1 presents the optimal discretionary response to a non-persistent 1% cost push shock

under discretion for two values of the parameter ω, which measures the proportion of backward

looking consumers.4 When ω = 0, we have the standard NKPC, and real interest rates rise

to dampen the impact of the shock on inflation. The time consistency requirement implies

that interest rates only change in the period of the shock. When ω = 0.75, so the majority of

price setters are backward-looking, we get the same qualitative response, but its size is greater.

Monetary policy is much more aggressive, because the impact of the cost-push shock will more

long lasting as a result of inflation persistence. Interest rates also rise in the periods following the

shock. In both cases the monetary policy maker is prepared to be very aggressive in responding

to this inflationary shock, which indicates how much more important inflation is than output in

the social welfare function.

These results are standard (see Clarida et al. (1999) for example), and provide evidence

for the claim that inflation persistence leads to quantitative but not qualitative differences in

optimal policy.

4Calibration of parameters is the following: γ = 0.75, σ = 0.5, ψ = 1.0, ε = 5.0, β = 0.99.
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3 Extension to a fixed exchange rate regime.

We now extend this model to a small open economy, which either operates a fixed exchange

rate regime, or is a member of a monetary union. Following Gali and Monacelli (2005), we assume

that international risk sharing holds.5 Our derivation of the Euler equation for consumption

remains unaffected, apart from the fact that we now need to distinguish between consumer

and output prices, with the former defining real interest rates. We also need to allow for the

fact that some goods will be imported/exported, both in the national income identity and the

derivation of the Phillips curve, and that the fixed nominal exchange rate implies a simple

dynamic relationship between inflation differentials and the real exchange rate. It also implies,

of course, that nominal interest rates are fixed at the union level.

More specifically, the model in the previous section is modified as follows.

3.1 Households

In the presence of imported goods the aggregate consumption bundle is defined as

C =
C1−αH CαF

(1− α)(1−α)αα
(19)

where, if we drop the time subscript, all variables are commensurate. CH is a composite of

domestically produced goods given by

CH =

(∫ 1

0
CH(z)

ε−1
ε dz

) ε
ε−1

(20)

where z denotes the good’s type or variety. The aggregate CF is an aggregate across overseas

countries i

CF =

(∫ 1

0
C

η−1
η

i di

) η
η−1

(21)

where Ci is an aggregate similiar to (20). The elasticity of substitution between varieties ε > 1

is common across countries. The parameter α is (inversely) related to the degree of home bias

in preferences, and is a natural measure of openness.

Optimisation of expenditure for any individual good implies the demand functions

CH(z) =

(
PH(z)

PH

)−ε
CH , Ci(z) =

(
Pi(z)

Pi

)−ε
Ci (22)

5 In contrast, Kirsanova et al. (2006a) consider an economy in which UIP rather than IRS holds. In addition,
Kirsanova et al. (2006a) assume that a proportion of consumers are credit constrained, but still hold some debt.
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where we have price indices given by

PH =

(∫ 1

0
PH(z)

1−εdz

) 1

1−ε

, Pi =

(∫ 1

0
Pi(z)

1−εdz

) 1

1−ε

(23)

It follows that
∫ 1

0
PH(z)CH(z)dz = PHCH ,

∫ 1

0
Pi(z)Ci(z)dj = PiCi (24)

Optimisation across imported goods by country implies

Ci =

(
Pi
PF

)−η
CF (25)

where

PF =

(∫ 1

0
P 1−ηi di

) 1

1−η

(26)

This allows us to write
∫ 1

0
PiCidi = PFCF (27)

Optimisation between imported and domestically produced goods implies

PHCH = (1− α)PC, PFCF = αPC (28)

where

P = P 1−αH PαF (29)

is the consumer price index (CPI).

Maximisation of household utility (1) yields (3) and its linearised version (4) but where Pt

is a CPI price index and πt is CPI inflation.

3.2 Identities with PPP

The bilateral terms of trade are the price of country i’s goods relative to home goods prices.

The effective terms of trade are given by

S =
PF
PH

. (30)

The CPI and domestic price level are related as

P = PHS
α. (31)
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We also define the nominal bilateral rate EXi

EXi =
PH,i
PH

and the belateral real exchange rate Qi :

Qi =
EXiPi
P

3.3 Firms and Price Setting

Marginal costs are now influenced by the degree of the openness of the economy. From formula

(8) it follows that the real marginal cost is

St(z)

PHt
=
vy(yt(z))

uC(Ct)

Pt
PHt

(32)

so the log-linearised marginal cost is given as

mct =
1

ψ
Ŷt + αŜt +

1

σ
Ĉt. (33)

The forward-looking agents are able to solve the first order conditions for profit maximization

and obtain an optimal solution PFt . Openess of the economy does not affect the behaviour of

the backward-looking producers. Manipulations with formulae (7), (10) and (11) where the

marginal cost is determined by (33) yield:

π̂Ht = χfβEtπ̂Ht+1 + χbπ̂Ht−1 + κcĈt + κy0Ŷt + κcŜt + κy1Ŷt−1 + µ̂t (34)

where the shock µ̂t is a mark-up shock . The coefficients of the Phillips curve are:

χf =
γ

γ + ω(1− γ + γβ)
, χb =

ω

γ + ω(1− γ + γβ)
,

κc =
(1− γβ)(1− γ)(1− ω)ψ

(γ + ω(1− γ + γβ)) (ψ + ε)σ
, κy1 =

(1− γ)ω

γ + ω(1− γ + γβ)
δ,

κy0 =
(1− γβ)(1− γ)(1− ω)

(γ + ω(1− γ + γβ)) (ψ + ε)
−

(1− γ)γβω

γ + ω(1− γ + γβ)
δ,

κc =
(1− βγ) (1− γ)(1− ω)

(γ + ω (1− γ + βγ)) (ψ + ε)
α, δ =

(1− γβ) (ψ + σ)

γσ (ψ + ε)
.

3.4 Capital markets

Under the assumption of complete securities markets, a first order condition to the household op-

timisation problem must hold for the representative household in any country. This assumption

implies complete International Risk Sharing:

C = CiQ
σ
i

10



and its linearised version:

Ĉt = Ĉ∗t + σ (1− α) Ŝt. (35)

3.5 Aggregate Demand

Goods market clearing requires

Y (z) = CH(z) +

∫ 1

0
Ci(z)dz (36)

Symmetrical preferences imply

CHi(z) = α

(
pH(z)

PH

)−ε( PH
EXiPi

)−1
Ci (37)

which allows us to write

Y (z) =

(
pH(z)

PH

)−ε [
(1− α)

PC

PH
+ α

∫ 1

0

EXiPiCi
PH

di

]
(38)

Defining aggregate output as

Y = [

∫ 1

0
Y (z)

ε−1
ε dz]

ε
ε−1 (39)

allows us to write

Y = (1− α)
PC

PH
+ α

∫ 1

0

EXiPiCi
PH

di = Sα
[
(1− α)C + α

∫ 1

0
QiCidi

]
= CSα (40)

3.6 The Complete Model

Our system consists of equations (4) (35), (40), (30), and (34). Log-linearising and assuming a

fixed exchange rate regime, we obtain the following:

ct = ct+1 + (1− α)πHt+1 + απ∗Ht+1 (41)

yt = (1− α) cs + 2ηα (1− α) s t + αc∗t (42)

st = π∗Ht − πHt + st−1 (43)

πHt = χfβEtπHt+1 + χbπHt−1 + κcct + κsst + κy0yt + κy1yt−1 (44)

where we denote with an asterisk all external variables, which are exogenous to the model.
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Figure 2: Impulse responses to a unit world output shock. Solid line — ω = 0, dashed line —
ω = 3/4.

3.7 Severe Cycles if Inflation is Persistent

Figure 2 shows the response of the economy to a world consumption shock, again for two

different values of ω, representing different degrees of inflation persistence.6 (Our choice of

shock is unimportant.) We again find that the impact of the shock is greater with persistence.

However we now have an additional feature when we add persistence, which is that the economy

cycles.

Cyclicality that is this severe is clearly undesirable: there is no need to explicitly calculate

welfare to see this. It is also a feature of the fixed exchange rate regime. The reason for this

is as follows. Under fixed exchange rates, nominal interest rates are also fixed. When we have

inflation persistence, a shock to inflation will raise expected future inflation, which will lead real

interest rates (defined in terms of expected inflation) to fall. If consumption was static, and

depended only on current real interest rates, then the destabilising impact of the fall in real

interest rates would be immediate (Kirsanova et al. (2006b)). When consumption is forward

looking, we get cyclicality. Consumption does not rise following the shock because real interest

rates fall after a couple of years, and the impact of these lower real interest rates in the future

6Calibration of parameters is the following: γ = 0.75, σ = 0.5, ψ = 1.0, ε = 5.0, β = 0.99, α = 0.3.
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dominate. However, this in turn means that consumption reaches a trough a year in to the

simulation, rather than immediately after the shock. This in turn feeds back on to inflation,

which together with competitiveness effects sets up a prolonged cycle. This problem would not

arise under floating exchange rates, because monetary policy could follow the Taylor principle

in this case, and ensure inflation was met by higher real interest rates. Equally, the problem

does not occur without inflation persistence, because without persistence inflation now has no

implications for future inflation, and therefore there is no impact on real interest rates.

The model is still stable as long as inflation persistence is not complete (i.e. as long as ω < 1),

because of the impact of competitiveness on output. When inflation is positive, competitive-

ness declines, and this reduces the demand for domestically produced goods, which produces a

negative output gap which reduces inflation through the Phillips curve. However this stabilising

mechanism works as the price level changes, and so cannot directly offset the destabilising move-

ment in real interest rates noted above. As a result, we get cyclical movements in the economy.

In the limit, with ω = 1, we would have pure cycles, with no return to equilibrium.

We would not want to overstate the importance of this result. Cycles of the size shown in

Figure 2 do require a large proportion of price setters to be backward looking: the same chart

for ω = 0.5, for example, shows much less cyclicality. (The value of ω for which the roots of

the system become complex is around 0.43.) In addition, it would be possible to mitigate these

cycles through countercyclical fiscal policy (see Kirsanova et al. (2007) for example). However,

it remains the case that the existence of inflation persistence clearly makes the choice of a fixed

exchange rate regime problematic in a way that is absent without persistence, and in this sense

inflation persistence makes a qualitative difference to the choice of policy regime.

4 Adding fiscal policy

The closed economy model in Section 2 abstracts from the government budget constraint and

the existence of government debt. While this simplification may not matter when lump sum

taxes exist and consumers are infinitely lived, the assumption of lump sum taxes is hardly

realistic. In this section, following Stehn and Vines (2007), we extend the model of section 2 to

include government spending, income taxes and government debt. Although we allow for the

fact that income taxes are distortionary, we hold this tax rate τ constant, and instead assume

that government spending is a policy instrument.

We therefore need to add a government budget constrain to the model. We also need to allow

for government spending in the utility function, the national income identity and the Phillips

13



curve. The consumption Euler equation is unaffected, but our derived measure of social welfare

will change. Specifically, the model is derived as follows.

4.1 Consumers

Individuals consume a basket of goods C, and derive utility from per capita government con-

sumption G. Their maximization problem is

max
{Csv ,h

s
v}
∞
v=t

Et

∞∑

v=t

βv−t [u(Cv) + f(Gv)− v(hv(z))] (45)

Maximising this utility subject to budget constraint (2) we derive Euler equation (4). Addi-

tionally, aggregate (nominal) asset accumulation is given by

At+1 = (1 + it) (At + (1− τ)PtYt − PtCt) (46)

We denote At = At/Pt−1 and linearise it as

Ât+1 = ı̂t + (1 + i)

(
Ât − π̂t +

(1− τ)

A
Ŷt −

ρ

A
Ĉt

)
,

where ρ = C/Y is the steady state share of private consumption in Y and A is the steady state

level of real assets as a share of Y .

4.2 Price Setting and Aggregate Demand

Price setting remains unaffected by the introduction of the government sector in the economy

and leads to equation (34). Government expenditures constitute part of demand

Yt = Ct +Gt (47)

and in steady state G = (1− ρ)Y. The linearised aggregate demand equation is then:

Ŷt = (1− ρ)Ĝt + ρĈt. (48)

4.3 Fiscal Authorities

The government buys goods (G), taxes income (with tax rate τ), and issues nominal debt B.

The evolution of the nominal debt stock can be written as:

Bt+1 = (1 + it)(Bt + PtGt − τPtYt)

We assume that the tax rate on income is fixed. This equation can be linearised as (assuming

Bt = Bt/Pt−1) :

B̂t+1 = ı̂t + (1 + i)

(
B̂t − π̂t +

1− ρ

B
Ĝt −

τ

B
Ŷt

)
(49)
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4.4 The Economy as a Whole

We now write down the final system of equations for the ‘law of motion’ of the out-of-equilibrium

economy:

ct = ct+1 − σ(it − πt+1) (50)

πt = χfβπt+1 + χbπt−1 + κcct + κy0yt + κy1yt−1 + µ̂t (51)

yt = (1− ρ)gt + ρct (52)

Ât+1 = it + (1 + i)

(
Ât − πt +

(1− τ)

A
yt −

θ

A
ct

)
(53)

B̂t = Ât (54)

The model consists of an intertemporal IS curve (50), the Phillips curve (51), an aggregate

demand equation (52), and an equation explaining the evolution of assets (53). We could use

the debt accumulation equation (49) instead of (53) as they are equivalent (equation (54)).

4.5 Policy Decisions

The Monetary and Fiscal authorities set their instruments jointly, under cooperative discre-

tionary policy. The Central Bank’s control variable is the short-term interest rate it and the

fiscal authorities control government spending, Gt. We assume that the authorities explicitly

maximises the aggregate utility function:

max
{is}∞s=t

1

2
Et

∞∑

s=t

βs−t
[
u(Cs) + f(Gs)−

∫ 1

0
v(hs(z))dz

]
. (55)

We show in Appendix A that (55) implies the following loss function

min
{is}∞s=t

1

2
Et

∞∑

s=t

βs−t
[
aππ

2
s + acc

2
s + agg

2
s + ayy

2
s (56)

+d∆π(∆πs)
2 + dyy

2
s−1 + dy∆πys−1∆πs

]
+O(3)

where O(3) collects terms of higher than second order and terms independent of policy. As in

Section 2, this quadratic approximation to social welfare is obtained assuming that there is a

production subsidy µw that eliminates the distortion caused by monopolistic competition and

income taxes.
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4.6 Passive Policies

In this model, the benevolent policy maker has both interest rates and government spending

as instruments available to stabilise the economy. If the policy maker is also able to pursue a

time inconsistent policy, then Kirsanova and Wren-Lewis (2006) show that optimal policy in

this case will involve debt following a random walk, a result obtained for the case where taxes

rather than spending is the fiscal instrument by Schmitt-Grohe and Uribe (2004) and Benigno

and Woodford (2004). (This, in turn, replicates for New Keynesian models a result from the

tax smoothing literature.) If debt follows a random walk, it largely accommodates the impact

of any fiscal shock, and so the response of monetary policy to a cost-push shock will be largely

unaffected by the need to stabilise debt.

However, if a commitment mechanism for policy does not exist, and policy is forced to be

time consistent, then debt no longer follows a random walk. Leith and Wren-Lewis (2007) show

this is the case where both government spending and taxes are instruments. The reason for this

follows from a close examination of the time inconsistent policy. Although that policy largely

accommodates any shock to the government’s budget constraint, it does not do so completely:

there is some attempt to reduce the long run level of debt. The NKPC implies that it is optimal

to reduce debt in the initial period following the shock: thereafter fiscal instruments move to

the new steady state values required to service the new level of debt. This attempt to reduce

debt in the initial period is time inconsistent, yet it will be present so long as the long run level

of debt differs from the initial steady state (assuming the latter is also an efficient steady state).

As a result, under discretion policy must return debt to its pre-shock level.

If debt must return to its initial level, how is this to be achieved: by changing government

spending (which is the fiscal instrument in our model) or by changing interest rates? Figure 3

plots optimal policy in our model, once again looking at the no-inflation persistence case, and

the case where half price setters are backward looking.7

The inflationary shock, for given interest rates and spending, will reduce the stock of govern-

ment debt. In the case where ω = 0, government spending also falls in the initial period, in an

attempt to reduce the impact of the cost push shock. Interest rates on the other hand also fall

initially. In subsequent periods, the direction of movement of each instrument is reversed, with

both government spending and interest rates rising. What can explain this counter-intuitive re-

sult, that at least initially fiscal policy tackles the cost-push shock, and monetary policy moves

in a perverse direction?

7Calibration of parameters is the following: γ = 0.75, σ = 0.5, ψ = 1.0, ε = 5.0, β = 0.99, B = 0.3, ρ = 0.75.
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Figure 3: Impulse responses to a unit cost-push shock. Solid line — ω = 0, dashed line — ω = 3/4.
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The key to understanding this is in the profile of interest rates over time, coupled with the

forward looking nature of parts of the model. Initial cuts in interest rates are subsequently

reversed. As a result, the full impact of monetary policy on initial inflation is still negative, as

we can see from the path of consumption: higher future interest rates lower current and future

consumption, and lower current and future consumption lowers current inflation.

But why not raise current interest rates as well as future interest rates? The reason is that this

would fail to bring government debt back to its initial level, or require sub-optimal movements in

government spending to do so. Because the government budget constraint is inherently backward

looking, falls in current interest rates can offset the impact of future increases on debt, and yet

still leave the impact on inflation negative. Policy is therefore exploiting the forward looking

nature of consumption and inflation dynamics, relative to the backward dynamics in the budget

constraint.8

Now consider the case where we have inflation persistence, which is discussed in Stehn and

Vines (2007). Interest rates now rise initially, and stay higher for a number of periods. We no

longer have this reversal of movement in the monetary policy instrument. The reasons follows

directly from the previous discussion. When inflation is backward looking, the contrast between

the dynamics of inflation and the budget constraint is no longer so marked. The device of

achieving deflation while not destabilising debt by shifting forward higher interest rates is no

longer effective.

The direction in which interest rates move in this model will obviously be sensitive to other

parameters, and particularly assumptions about the initial level of government debt. As Leith

and Wren-Lewis (2007) and Stehn and Vines (2007) show, it is the existence of an initial stock

of debt which gives interest rates leverage over debt, and which means that monetary policy

needs to take account of its impact on debt. Nevertheless, it remains the case that inflation

persistence is crucial in understanding why the initial response of monetary policy changes sign

so noticeably here, and why it therefore induces a qualitative change in a policy response.

5 Conclusions

In the basic New Keynesian model, inflation persistence changes the way policy reacts to shocks

in a quantitative way, but the policy framework and the direct of response remain unchanged.

8Why does government spending not try and play the same trick: of rising initially but falling thereafter?
Unlike interest rates, G works directly on demand, so it cannot exploit the forward looking nature of consumption.
Future falls in G will therefore be less effective at reducing current inflation.
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In this paper we have extended the model in two different directions, and in each case we have

shown that inflation persistence matters in a more fundamental, qualitative sense.

In our first example, we adapt the model to the case of a small open economy under fixed

exchange rates, or alternatively as a (small) member of a monetary union. We showed how

inflation persistence can lead to a severe cyclical response to shocks in this economy, with

obvious negative consequences for welfare. This cyclicality stems from the impact of inflation

persistence on real interest rates, and was not negated by competitiveness effects on output.

This cyclicality could influence policy choice, in that it might make a fixed exchange rate regime

undesirable if inflation persistence was thought to be large.

Our second example moved back to a closed economy, but now added government debt and

fiscal policy. In the absence of inflation inertia, we showed that a benevolent policy maker,

acting under discretion with both government spending and interest rates as instruments, would

cut interest rates following a cost-push shock. This apparently perverse result followed directly

from the lack of inflation persistence in the NKPC, and we showed that once inflation persistence

was introduced into the model, interest rates rose following the cost-push shock. Introducing

inflation persistence in this case changed the sign of the initial response of monetary policy to

a shock.

These two examples appear very different. However, there is a rather deep connection be-

tween them. Both add a degree of integral control to the basic New Keynesian model. In both

examples we have a variable that needs to return to its original level. In the first example, the

membership of a fixed exchange rate regime requires that the price level return to its initial

starting position, and this can cause cyclical behavior if there is a high degree of inflation persis-

tence. By contrast, in the analysis in Section 2, in which inflation is controlled, there is no such

need to return the price level to its initial level. In the second example, discretionary monetary

policy necessarily stabilizes debt at its initial level, and the manner in which this is best done

depends on the degree of inflation persistence. By contrast, in the analysis in Section 2, there

was no need to control debt, since there was no analysis of fiscal policy.

In each case the need for integral control makes the system more complex than that examined

in section 2. In more complex systems of this kind the degree of inflation persistence can make

a qualitative as well as a quantitative difference to the way in which policy responds to shocks.
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A Social Welfare

We use social welfare in Sections 2 and 4. We show how the social welfare can be derived for

the model in Section 4, and then the social welfare function for the model in Section 2 can

be obtained by eliminating the government sector. We, of course, will obtain the same welfare

metric as derived in Steinsson (2003).9

One-period social welfare function Ws in (45) can be linearised around the steady state (see

Woodford (2003))

Ws = θuC [Ĉs +
1

2
(1−

1

σ
)Ĉ2s ] + (1− θ)fG[Ĝs +

1

2
(1−

1

σ
)Ĝ2s] (57)

− vy[Ŷs +
1

2
(1 +

1

ψ
)Ŷ 2s +

1

2
(
1

ψ
+
1

ε
)varz ŷs(z)]

where we assumed σ = −uC(C, 1)/uCC(C, 1)C = −fG(G, 1)/fGG(G, 1)G.

A second-order approximation of aggregate demand (47) can be written as

Ĉ =
1

θ
(Ŷ − (1− θ)Ĝ− θ

1

2
Ĉ2 −

1

2
(1− θ)Ĝ2 +

1

2
Ŷ 2)

so we can substitute consumption in (57) and obtain

Ws = θuC [(1−
vy
uC
)Ŷs − (1− θ)(1−

fG
uC
)Ĝs −

θ

2σ
Ĉ2 −

(1− θ)

2

(
1 +

fG
uC

(1− σ)

σ

)
Ĝ2s

−
1

2

(
vy
uC

1 + ψ

ψ
− 1

)
Ŷ 2s −

1

2

vy
uC

ψ + ε

ψε
varz ŷs(z)]

To transform this equation into a more convenient form that does not include linear terms,

we proceed as follows (see Beetsma and Jensen (2004)). The aggregate demand relationship (47)

is an identity along the dynamic path of the economy, which can be differentiated with respect

to government expenditures in order to yield the following condition:

∂Yt
∂Gt

=
∂Ct
∂Gt

+ 1 (58)

The first order condition (1− τ)(εt − 1)/εt = vy(Yt)/uC(Ct) also holds along the dynamic path

of the economy. Its differentiation yields:

(1− τ)(εt − 1)

εt
uCC(Ct)

∂Ct
∂Gt

= vyy(Yt)
∂Yt
∂Gt

(59)

9We use the Erratum available at www.people.fas.harvard.edu/~steinss/papers/STjme03erratum.pdf
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Both conditions (58) and (59) hold in the steady state and can be solved for ∂Ct∂Gt
and ∂Yt

∂Gt
:

∂Ct
∂Gt

= −
θσ

(ψ + θσ)
,

∂Yt
∂Gt

=
ψ

(ψ + θσ)

We assume that the steady state level of government expenditures is chosen to maximise

utility function (subject to aggregate demand constraint and aggregate supply conditions), so

that in the steady state10:

∂

∂G
[u(Cs) + f(G)− v(Ys)] = [uC(C)

∂C

∂G
+ fG(G)− vy(Y )

∂Y

∂G
] = 0 (60)

Finally, from (58), (59) and (60) it follows that in equilibrium:

fG
uC

=
vy
uC

∂Y

∂G
−
∂C

∂G
=
ψ(1− τ)(ε− 1)/ε+ θσ

(ψ + θσ)
(61)

Now if the government removes monopolistic distortions and distortions from labour income

taxation in the steady state using a subsidy, then fG/uC = 1 and so the welfare function does

not contain linear terms. This yields us the final formula for social welfare

Ws = −θuC [
θ

2σ
c2s +

(1− θ)

2σ
g2s +

1

2ψ
y2s +

1

2
(
1

ψ
+
1

ε
)varz ŷs(z)]

Steinsson (2003) have shown that

varzŷs(z) =
ε2

(1− γβ)(1− ω)

(
γ(1− ω)

1− γ
π2t +

ω

(1− γ)
(∆πt)

2 + (1− γ)ωδ2y2t−1 − 2ωδyt−1∆πt

)

so we get the final formula for the social welfare function (were we normalise so there is a unit

coefficient on inflation variability):

Ws = −
1

2

(ε+ ψ) εθuCγ

ψ(1− γβ) (1− γ)

(
ψ(1− γβ) (1− γ)

ε (ε+ ψ) γ

(
θ

σ
c2s +

(1− θ)

σ
g2s +

1

ψ
y2s

)

+π2t +
ω

γ(1− ω)
(∆πt − δ(1− γ)yt−1)

2

)

which is formula (56) in the main text.

If there is no government sector in the economy, i.e. θ = 1, then the formula above collapses

to the one derived in Steinsson (2003) and which is given by formula (18) in the main text.

10Derivatives of constraints are equal to zero so we did not include them in the final expression.
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