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Rodolfo G. Campos 1 Jesús Fernández-Villaverde2 Galo Nuño1,3 Peter Paz1

1Banco de España
2University of Pennsylvania

3BIS

The views expressed in this paper are those of the authors and do not necessarily coincide with
those of the BIS, Banco de España or the Eurosystem.



Determination of long-term inflation in the standard New Keynesian framework

• Taylor rule:
it = r + π + ϕ(πt − π).

• Natural Rate
r∗ = 1/β − 1.

• Long-term inflation determination: If the central bank sets r = r∗, then it can achieve its
inflation target π.
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What happens in a heterogeneous-agent New Keynesian model?

• In a HANK model, the natural rate is a function of the stock of debt B: r∗ = r(B).

• Debt-financed fiscal expansions then act as “natural rate” shocks.

• To achieve its target, the central bank must adapt its monetary policy to the long-term fiscal
stance r = r(B).

• This is a new form of monetary-fiscal interaction, unrelated to the FTPL.
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Preview of findings

• There is a minimum level of debt compatible with the inflation target.

• If the central bank does not adapt its monetary policy to permanent fiscal changes, then long-term
inflation will be higher.

• Compared to a RANK model, short-term dynamics are more inflationary even if the central bank
adjusts, due to income effects.

• Robust monetary policy rules à la Orphanides-Williams perform much better in this environment
than Taylor rules.

• We can infer the policy gap between the central bank intercept r and the natural rate r∗ using
market data.
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Model



Model overview

1. Heterogeneous households

• Mass 1 of households, subject to idiosyncratic labor productivity.

2. New Keynesian block

• Unions are similar to intermediate goods producers in a NK model.
• Sticky wages: they set wages on behalf of workers.
• Yields a simple wage Phillips curve.

3. Monetary and Fiscal Policy

• Central bank follows a Taylor rule.
• Treasury follows a fiscal rule.

4. Firms

• Representative firm with aggregate production function.
• Flexible prices.
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Households

• Households solve:

V (ai,t , zi,t) = max
ci,t ,ai,t+1

u(ci,t) − v(ni,t) + βEt [V (ai,t+1, zi,t+1)]

s.t. ci,t + ai,t+1 = (1 + rt)ai,t + (1 − τ)Wt
Pt

zi,tni,t + Tt ,

ai,t+1 ≥ 0.

• They choose ci,t and ai,t+1. Their labor choice ni,t is is performed by unions.

◦ ci,t : consumption
◦ ni,t : working hours
◦ ai,t : asset position

◦ rt : return of bonds
◦ Wt : nominal wage
◦ Pt : price level

◦ zi,t : idiosyncratic
productivity

◦ Tt : net transfer
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Treasury: Fiscal Policy

• The treasury can issue one-period nominal bonds. Tax collection is given by:

Tt =
∫ 1

0
τ

Wt
Pt

zi,tni,tdi .

• Public debt Bt accumulates according to:

PtBt = (1 + it−1)Pt−1Bt−1 + Pt(Gt + Tt − Tt).

• Fiscal rule:
Gt = G − ϕG(Bt−1 − B).

◦ Gt : government
consumption

◦ Tt : tax collection
◦ Bt : public debt

◦ B : debt target
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Central bank: Monetary Policy

• The central bank follows a Taylor rule:

log (1 + it) = max
{

log (1 + r) + log (1 + π) + ϕπ log
(

1 + πt
1 + π

)
, 0

}
.

◦ r : real rate
intercept

◦ it : nominal rate
◦ π : inflation target

◦ πt : inflation
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Firm

• Representative firm with linear aggregate production function:

Yt = ΘNt .

• Flexible prices: Wt/Pt = Θ.

◦ Yt : output ◦ Θ : constant productivity ◦ Nt : aggregate labor
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Unions

• Wage Phillips curve:

log
(

1 + πw
t

1 + π

)
= κw

[
−ϵw − 1

ϵw
(1 − τ)Wt

Pt

∫
u′(cit)zitdi + v ′(Nt)

]
Nt

+β log
(1 + πw

t+1
1 + π

)
• Proportional allocation of labor: ni,t = Nt

◦ πw
t : wage inflation

◦ Nt : aggregate labor
◦ Wt : nominal wage
◦ Pt : price level
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Aggregation and market clearing

• In equilibrium all agents optimize and the labor, bond, and good markets clear:

Gt + Ct = Yt ,

At = Bt ,

where aggregates are:

Nt =
∫ 1

0
zi,tni,tdi ,

At =
∫ 1

0
ai,t+1di ,

Ct =
∫ 1

0
ci,tdi .
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Calibration

Parameter Value Target/Sources
Preferences

σ Elasticity of intertemporal substitution 1 Standard
φ Frisch elasticity of labor supply 0.5 Standard
νφ Disutility of labor parameter 0.791 Nss = 1
β Quarterly discount factor 0.992 1% real interest rate in DSS

Income process
ρe Persistence income process (annual) 0.91 Floden and Lindé (2001)
σe Std. dev. idiosyncratic shock (annual) 0.92 Floden and Lindé (2001)

Production
Y Quarterly output 1 Normalization
Θ Constant level of TFP 1 Normalization
κw Slope of the wage Phillips curve 0.1 Aggarwal et al (2023)
ϵw Elasticity of substitution 10 Standard
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Calibration

Parameter Value Target/Sources
Fiscal policy

r Real interest rate (annual) 0.01 Baseline case
B Debt target 2.8 Debt-to-GDP 70%
G Government spending target 0.2 Spending-to-GDP 20%
τ Tax rate 0.277 Taxes/GDP in 2022
T Net transfers 0.07 B constant in DSS
ϕG Coefficient in the fiscal rule 0.1 Baseline case

Monetary policy
ϕπ Taylor rule coefficient 1.25 Standard
π Inflation target (annual) 0.02 Standard
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Monetary-fiscal interaction in the long run



Natural rate determination

• Demand for bonds:

Ass (r∗) =
∫ 1

0
ai,t+1di .

• Supply of bonds:

Bss = (G − Gss)
ϕG

+ B.

• Assume ϕG > 1/β − 1; then the supply of
bonds is:

Bss = B.
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Deviations from the natural rate in the Taylor rule (policy gap) imply deviations
of long-term inflation from the objective

πss ≈ π + r∗ − r
ϕπ − 1 .
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There is a minimum debt level compatible with price stability
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A surprise debt-financed fiscal expansion



Description of the exercise

• The economy starts out at a steady state. At t = 0 there is a surprise increase in B from 70% of
GDP to 80% of GDP (MIT shock).

• The fiscal authority lets the fiscal rule do its work, but adjusts G to pay for the cost of the
additional debt burden (necessary for the existence of a new steady state).

• These changes are common knowledge to all, including the central bank.

• The central bank adjusts r in its Taylor rule and sets it equal to value of r∗ in the new steady
state to avoid inflation above its target in the long run.
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Long term impact

Initial steady state New steady state Difference
HANK RANK HANK RANK

Bonds (% GDP) 70.00 80.00 80.00 10.00 10.00
Real interest rate 1.00 1.16 1.00 0.16 0.00
Nominal interest rate 3.02 3.19 3.02 0.17 0.00
Output 100.00 99.90 99.96 -0.10 -0.04
Consumption 80.00 80.16 80.07 0.16 0.07
Govt. consumption 20.00 19.74 19.89 -0.26 -0.11
Tax revenue 27.70 27.67 27.69 -0.03 -0.01
Primary surplus (% GDP) 0.70 0.93 0.80 0.23 0.10

Table 1: Steady state in the baseline HANK model and in the RANK model
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Short term impact
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Decomposition of the response of aggregate consumption
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Heterogeneity and inflation

• Expressing the Wage Phillips curve as an infinite discounted sum:

log
(

1 + π0
1 + π

)
=

∞∑
t=0

βtκw

[
− (ϵw − 1)

ϵw
(1 − τ)

∫
u′(ci,t)zitdi + v ′(Nt)

]
Nt .

◦
∫

u′(ci,t)zitdi : cross-sectional average of marginal utilities

◦ v ′(Nt) : labor disutility

◦ Nt : hours worked or employment
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Heterogeneity and inflation

• Decomposition of the response of inflation on impact:
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Decomposition of the response of inflation and consumption in terms of policy
variables
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Extensions: Robust monetary rules

• An alternative to adjusting the intercept in the Taylor rule would be to use a monetary policy rule
that does not require knowing the value of the natural rate.

• Orphanides and Williams Rule (2002):
This rule links the change in nominal interest rates it − it−1 to the deviation of inflation from its
target πt − π:

log(1 + it) = log(1 + it−1) + ϕπ log
(

1 + πt
1 + π

)
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Extensions: Robust monetary rules
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Extensions: Alternative fiscal policies

• Endogenous tax rate

◦ Government consumption and net transfers remain constant. The treasury adjusts the tax rate τ
each period so that the evolution of public debt replicates the evolution in our baseline analysis.

• Lump-sum net transfers:

◦ Government consumption and the tax rate remain constant. The treasury adjusts net transfers
each period so that the evolution of public debt replicates the evolution in our baseline analysis.
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Extensions: Alternative fiscal policies

0 10 20 30 40
Quarter

1

0

1

2

3

4

5

pp
 d

ev
ia

tio
n

a. Inflation
Baseline (endog. G)
Endog. tax rate
Endog. transfers

0 10 20 30 40
Quarter

5

4

3

2

1

0

1

2

pp
 d

ev
ia

tio
n

b. Real Interest Rate

0 10 20 30 40
Quarter

1.0

0.5

0.0

0.5

1.0

1.5

pe
rc

en
t o

f Y
0

c. Output

0 10 20 30 40
Quarter

2

1

0

1

pe
rc

en
t o

f Y
0

d. Consumption

Dynamics after a surprise debt-financed fiscal expansion

26 / 34



Extensions: Anticipated effects
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Extensions: A model with long-term debt
Decomposition of the response of inflation and consumption in terms of policy variables
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Validating evidence and the policy gap



The response of the natural rate to a permanent increase in debt is
quantitatively similar to simulations of the model
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Inferring the policy gap from market data

• From the Taylor rule in the DSS and the Fisher equation we obtain:

πss ≈ π + r∗ − r
ϕπ − 1 ,

• If r is constant, then the policy gap can be computed as

r∗ − r = cov (r∗, πss)
var (πss)

(πss − π) .

• With this equation we can infer the policy gap from market data.
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Inferring the policy gap from market data
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Correcting for the term premium
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Thank you!



Alternative fiscal policies: comparison with the RANK model
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Fiscal surplus in different steady states
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